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ABSTRACT: Modern enterprise cloud ecosystems are increasingly distributed, multi-cloud, and edge-integrated, 

creating significant challenges in maintaining consistent security posture and regulatory compliance. Traditional 

DevSecOps pipelines, while effective in integrating security into CI/CD workflows, remain largely centralized and 

reactive, lacking the intelligence and autonomy required for dynamic cloud-native environments. This paper proposes a 

Federated AI-Enabled Enterprise DevSecOps Framework designed to enable autonomous cloud security orchestration 

and continuous compliance across heterogeneous infrastructure. 

 

The framework integrates federated learning, reinforcement learning-based security automation, and policy-as-code 

mechanisms to ensure decentralized intelligence sharing without compromising data sovereignty. By embedding AI 

agents across development, security, and operations layers, the system continuously learns from distributed telemetry, 

detects anomalies in real time, and autonomously remediates threats. Furthermore, compliance is enforced continuously 

using machine-readable regulatory policies mapped to dynamic cloud workloads. 

 

The proposed model enhances scalability, reduces mean-time-to-detection (MTTD), and improves compliance accuracy 

in multi-tenant cloud environments. It also addresses critical challenges such as data privacy, cross-border governance, 

and adversarial threats in AI-driven security systems. This framework represents a shift from reactive DevSecOps 

pipelines to proactive, self-healing, and federated security ecosystems. 

 

KEYWORDS: Federated learning, DevSecOps, cloud security, autonomous orchestration, continuous compliance, AI 
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I. INTRODUCTION  

 

The rapid adoption of cloud computing, microservices architectures, and containerized deployments has fundamentally 

transformed enterprise software engineering practices. Organizations now operate across hybrid and multi-cloud 

environments where applications are continuously deployed, scaled, and updated. While this transformation has 

significantly improved agility and operational efficiency, it has simultaneously expanded the attack surface and 

introduced complex security and compliance challenges. Traditional perimeter-based security models are no longer 

sufficient in environments where workloads are ephemeral, distributed, and dynamically orchestrated. As a result, 

enterprises have increasingly adopted DevSecOps practices, integrating security into every phase of the software 

development lifecycle. However, even DevSecOps pipelines today are largely dependent on centralized monitoring 

systems and static rule-based policies, which struggle to adapt to rapidly changing threat landscapes. 

 

In parallel, the emergence of artificial intelligence (AI) and machine learning (ML) in cybersecurity has introduced new 

opportunities for predictive threat detection, anomaly identification, and automated incident response. Despite these 

advancements, most existing AI-enabled security systems operate in silos, relying on centralized data lakes or isolated 

organizational datasets. This creates limitations in scalability, privacy preservation, and cross-organizational 

intelligence sharing. Furthermore, cloud-native environments demand real-time decision-making capabilities that 

traditional AI models cannot consistently deliver due to latency, data transfer constraints, and lack of distributed 

learning mechanisms. These gaps highlight the need for a more decentralized and intelligent security paradigm that can 

operate across distributed infrastructures while preserving data sovereignty and compliance requirements. 

 

Federated learning has emerged as a promising approach to address these limitations by enabling multiple nodes or 

organizations to collaboratively train machine learning models without sharing raw data. Instead, only model updates 

are exchanged, preserving privacy while still benefiting from collective intelligence. When integrated into DevSecOps 
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pipelines, federated learning can significantly enhance threat detection and vulnerability prediction across distributed 

cloud environments. However, federated learning alone is not sufficient to achieve autonomous security orchestration. 

It must be combined with reinforcement learning, policy-as-code frameworks, and real-time observability systems to 

enable fully automated security decision-making. This convergence of technologies forms the foundation of an AI-

enabled federated DevSecOps ecosystem capable of continuous learning and adaptation. 

 

This paper proposes a Federated AI-Enabled Enterprise DevSecOps Framework designed to enable autonomous cloud 

security orchestration and continuous compliance across multi-cloud and hybrid environments. The framework 

introduces a layered architecture where federated AI agents operate at development, security, and operations levels, 

continuously exchanging learned insights while enforcing compliance through machine-readable policies. It also 

incorporates self-healing mechanisms that automatically respond to detected threats without human intervention. By 

integrating distributed intelligence, automation, and compliance mapping, the framework aims to transform DevSecOps 

from a reactive pipeline into a proactive, autonomous, and resilient security ecosystem capable of operating at 

enterprise scale. 

 

II. LITERATURE REVIEW  

 

The evolution of DevSecOps has been widely studied in recent literature as an extension of DevOps practices with 

integrated security controls. Early works focused on embedding static application security testing (SAST), dynamic 

application security testing (DAST), and infrastructure-as-code (IaC) scanning into CI/CD pipelines. Researchers such 

as Myrbakken and Colomo-Palacios emphasized the cultural and procedural transformation required to shift security 

left in the development lifecycle. However, these approaches largely depend on predefined rules and manual 

intervention, limiting their ability to respond to unknown threats or zero-day vulnerabilities. As cloud-native 

architectures evolved, scholars identified scalability and automation gaps in traditional DevSecOps implementations, 

particularly in distributed environments. 

 

Recent studies in AI-driven cybersecurity have introduced machine learning techniques for intrusion detection, 

malware classification, and anomaly detection. Techniques such as deep neural networks, support vector machines, and 

graph-based learning models have demonstrated improved detection accuracy compared to rule-based systems. 

However, most of these models rely on centralized training datasets, which raises concerns regarding privacy, data 

governance, and regulatory compliance. Studies by Rieck et al. and Sommer and Paxson highlight that ML-based 

intrusion detection systems often suffer from high false positive rates and lack adaptability in real-world deployments. 

This has led researchers to explore decentralized learning approaches such as federated learning for security 

applications. 

 

Federated learning has gained significant attention as a privacy-preserving machine learning paradigm suitable for 

distributed environments. McMahan et al. introduced the foundational federated averaging algorithm, enabling 

decentralized model training across edge devices. Subsequent research has applied federated learning in healthcare, 

finance, and IoT security domains. In cybersecurity, federated learning enables collaborative threat intelligence sharing 

across organizations without exposing sensitive logs or raw network data. However, challenges such as communication 

overhead, model poisoning attacks, and non-IID data distributions remain unresolved. These limitations highlight the 

need for robust orchestration mechanisms and trust-aware aggregation strategies in federated security systems. 

 

In addition to federated learning, reinforcement learning (RL) has been explored for adaptive cybersecurity decision-

making. RL-based systems can dynamically respond to threats by learning optimal defense strategies through reward 

mechanisms. Studies in autonomous intrusion response systems demonstrate that RL agents can effectively isolate 

compromised nodes, adjust firewall rules, and mitigate attacks in real time. However, RL systems in cybersecurity 

often face exploration risks, convergence instability, and lack of explainability. When combined with DevSecOps 

pipelines, RL has the potential to enable autonomous remediation, but requires integration with policy governance 

frameworks and compliance engines. Existing literature suggests that a unified framework combining federated 

learning, reinforcement learning, and policy-as-code is still an open research gap, which this paper aims to address. 

 

III. RESEARCH METHODOLOGY 

 

The proposed research adopts a design science methodology to develop and evaluate a Federated AI-Enabled 

DevSecOps framework for autonomous cloud security orchestration and continuous compliance. The study is 

structured around the construction of an artifact (the framework), its integration into a simulated multi-cloud 
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environment, and iterative evaluation against predefined security and compliance metrics. The research begins with 

requirement analysis derived from enterprise cloud security challenges, regulatory standards such as GDPR and 

ISO/IEC 27001, and limitations identified in existing DevSecOps systems. These requirements inform the architectural 

design of a federated AI-driven security ecosystem capable of distributed learning and autonomous response. 

 

The system architecture consists of multiple layers: a development layer integrated with CI/CD pipelines, a security 

intelligence layer powered by federated learning agents, and an operations layer responsible for deployment monitoring 

and incident response. Each node in the federated system collects telemetry data such as logs, network traffic patterns, 

and application performance metrics. Instead of transmitting raw data, local AI models are trained at each node, and 

only encrypted model gradients are shared with a central aggregation coordinator. This ensures privacy preservation 

while enabling global model improvement. Reinforcement learning agents are deployed within the operations layer to 

execute automated remediation actions based on detected anomalies or policy violations. 

For experimental validation, the research simulates a multi-cloud environment using containerized microservices 

deployed across virtual nodes representing different enterprise branches. Attack scenarios such as DDoS attacks, 

privilege escalation attempts, and data exfiltration events are injected into the system to evaluate detection and response 

capabilities. Performance metrics include mean-time-to-detection (MTTD), mean-time-to-response (MTTR), false 

positive rate, model convergence speed, and compliance violation rate. Continuous compliance is assessed using 

policy-as-code engines that map regulatory requirements to runtime configurations, ensuring that all deployments 

adhere to predefined governance rules. 

 

The evaluation process also includes adversarial testing to assess the robustness of federated learning models against 

poisoning attacks and model inversion threats. Security resilience is measured by introducing malicious nodes into the 

federated network and observing the system’s ability to maintain model integrity through secure aggregation and 

anomaly filtering. Comparative analysis is conducted against traditional centralized DevSecOps pipelines and 

standalone AI-based security systems. The results are expected to demonstrate improved scalability, faster incident 

response, and higher compliance accuracy. The methodology ultimately validates the hypothesis that a federated AI-

enabled DevSecOps framework can achieve autonomous, scalable, and compliant cloud security orchestration in 

dynamic enterprise environments. 

 

 
 

Fig.1.End to End Cloud Security 
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The proposed Federated AI-Enabled Enterprise DevSecOps Framework was evaluated in a multi-cloud enterprise 

environment consisting of containerized microservices deployed across public, private, and hybrid cloud 

infrastructures. The framework integrated federated learning, autonomous artificial intelligence agents, DevSecOps 

pipelines, Infrastructure as Code (IaC), Kubernetes orchestration, zero-trust security architecture, policy-as-code 

enforcement, and continuous compliance monitoring. Experimental evaluation considered key performance indicators 

including deployment frequency, vulnerability detection rate, compliance validation accuracy, incident response time, 

infrastructure scalability, application availability, security automation efficiency, resource utilization, and operational 

cost optimization. The federated learning model enabled distributed training across multiple enterprise nodes without 

transferring sensitive organizational data to centralized repositories, thereby preserving privacy while improving model 

intelligence. The experimental results demonstrated that federated AI significantly enhanced cloud security 

orchestration by enabling intelligent collaboration among distributed enterprise environments while complying with 

regulatory requirements such as data sovereignty and privacy preservation. Compared with traditional centralized 

security management systems, the proposed architecture reduced security policy conflicts, improved anomaly detection 

accuracy, and accelerated automated remediation processes. AI agents continuously monitored infrastructure logs, 

network traffic, container runtime behavior, application telemetry, identity management events, and software supply 

chain activities to identify abnormal operational patterns. The integration of intelligent automation into DevSecOps 

pipelines reduced manual security verification activities while increasing the speed of secure software delivery. 

Continuous compliance validation further ensured that deployed cloud resources consistently satisfied organizational 

governance policies and international cybersecurity standards throughout the software lifecycle. 

 

IV. RESULTS AND DISCUSSION 

 

Performance analysis demonstrated substantial improvements in software delivery efficiency through autonomous 

security orchestration. Conventional DevSecOps pipelines often experience deployment delays because security 

verification is performed sequentially or requires manual approval. In contrast, the proposed federated AI framework 

embedded intelligent security validation directly into continuous integration and continuous deployment workflows. 

AI-driven static code analysis, software composition analysis, infrastructure configuration assessment, and container 

vulnerability scanning were executed simultaneously using autonomous orchestration agents. Federated learning 

models continuously updated vulnerability prediction algorithms by incorporating distributed security intelligence 

collected from multiple enterprise environments while maintaining data confidentiality. Experimental observations 

showed that automated threat prioritization significantly reduced false-positive alerts, enabling security teams to 

concentrate on high-risk vulnerabilities.  

 

Intelligent rollback mechanisms immediately restored previous application versions whenever deployment anomalies 

exceeded predefined risk thresholds. Predictive analytics further optimized release planning by estimating deployment 

risks before production rollout. Dynamic resource allocation algorithms automatically provisioned additional 

computing resources during intensive security testing activities, preventing bottlenecks within continuous integration 

pipelines. Consequently, deployment frequency increased substantially while maintaining high software quality, lower 

defect density, and improved customer satisfaction. Infrastructure scalability remained stable despite increasing 

workload complexity, demonstrating the effectiveness of autonomous orchestration in supporting enterprise-scale 

cloud-native applications. 

 

Security evaluation confirmed that federated artificial intelligence significantly strengthened enterprise cyber resilience 

against evolving attack vectors. Autonomous AI agents continuously exchanged encrypted model parameters instead of 

raw operational data, thereby preserving organizational privacy while enabling collaborative intelligence across 

geographically distributed enterprise environments. Behavioral analytics successfully identified insider threats, 

privilege escalation attempts, ransomware indicators, malicious API requests, unauthorized container modifications, 

lateral movement activities, and zero-day attack characteristics through anomaly detection algorithms trained using 

federated learning. Once threats were detected, autonomous orchestration mechanisms executed predefined security 

responses, including workload isolation, automated patch deployment, credential rotation, firewall policy updates, 

network segmentation, and incident notification.  

 

Mean time to detect and mean time to respond were considerably reduced compared with traditional security operation 

centers that rely primarily on manual investigation. Continuous compliance engines simultaneously validated 

infrastructure configurations against organizational security baselines, regulatory frameworks, and industry best 

practices, immediately generating remediation recommendations whenever configuration drift occurred. Zero-trust 

identity verification further enhanced protection by continuously authenticating users, applications, APIs, and 
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workloads before granting access to enterprise resources. Experimental analysis also demonstrated improvements in 

software supply chain security through automated verification of software dependencies, digital signatures, and 

container image integrity. The combination of federated intelligence, continuous monitoring, autonomous remediation, 

and intelligent policy enforcement created a highly adaptive cybersecurity ecosystem capable of responding rapidly to 

emerging threats without interrupting enterprise operations. 

 

Business impact assessment revealed that the proposed framework delivered measurable organizational benefits beyond 

technical performance improvements. Operational expenditure declined because intelligent automation reduced 

repetitive administrative tasks, minimized manual compliance audits, accelerated vulnerability remediation, and 

optimized cloud resource utilization. Enterprise decision-makers benefited from AI-generated dashboards that 

presented predictive security insights, compliance trends, deployment health indicators, infrastructure utilization 

forecasts, and operational risk assessments in real time. Cross-functional collaboration among development, operations, 

security, governance, and compliance teams improved significantly because autonomous agents continuously 

synchronized security policies, deployment activities, infrastructure configurations, and monitoring data across 

distributed cloud environments.  

 

Federated learning enabled organizations operating in regulated industries such as healthcare, banking, manufacturing, 

and government to collaborate on cybersecurity intelligence without exposing confidential information or violating 

privacy regulations. Resource optimization algorithms reduced unnecessary cloud infrastructure consumption through 

intelligent workload balancing and predictive capacity planning, contributing to both financial savings and 

environmental sustainability objectives. Overall, the experimental findings validate that the Federated AI-Enabled 

Enterprise DevSecOps Framework successfully integrates intelligent automation, distributed artificial intelligence, 

continuous compliance verification, and autonomous cloud security orchestration into a unified enterprise platform 

capable of supporting secure, scalable, resilient, and highly adaptive digital transformation initiatives. The framework 

demonstrates strong potential for deployment across large-scale enterprises seeking to modernize cybersecurity 

operations while maintaining regulatory compliance, operational efficiency, software quality, and continuous 

innovation in increasingly complex cloud-native environments. 

 

V. CONCLUSION 

 

The research presented a comprehensive Federated AI-Enabled Enterprise DevSecOps Framework for Autonomous 

Cloud Security Orchestration and Continuous Compliance, addressing the growing need for intelligent, adaptive, and 

secure cloud-native software development environments. Modern enterprises increasingly rely on distributed cloud 

infrastructures, microservices, containers, Kubernetes orchestration, Infrastructure as Code (IaC), and continuous 

software delivery to accelerate digital transformation. While these technologies significantly improve scalability and 

operational flexibility, they also introduce complex cybersecurity challenges, regulatory compliance requirements, 

software supply chain risks, and infrastructure management complexities. Conventional DevSecOps practices primarily 

depend on predefined automation scripts, centralized security monitoring, and periodic compliance assessments, which 

often struggle to respond effectively to rapidly evolving cyber threats and highly dynamic cloud environments. The 

proposed federated framework overcomes these limitations by integrating federated learning, autonomous artificial 

intelligence agents, intelligent security orchestration, continuous compliance validation, zero-trust security principles, 

and predictive analytics into a unified enterprise security ecosystem. This integration transforms conventional 

DevSecOps pipelines into self-learning, self-monitoring, self-healing, and continuously adaptive operational 

environments capable of making intelligent security decisions with minimal human intervention. By decentralizing AI 

model training while preserving organizational privacy, the framework enables multiple enterprise environments to 

collaboratively improve cybersecurity intelligence without exposing sensitive operational data, thereby supporting both 

regulatory compliance and secure knowledge sharing across geographically distributed infrastructures. 

 

Experimental evaluation demonstrated that the proposed architecture significantly enhanced enterprise cloud security, 

software delivery efficiency, operational resilience, and governance effectiveness. Federated learning enabled 

distributed security intelligence to evolve continuously through collaborative model updates rather than centralized data 

aggregation, thereby reducing privacy risks while increasing threat detection accuracy. Autonomous AI agents 

continuously monitored cloud infrastructure, application workloads, user behavior, API communications, container 

runtime activities, software dependencies, and infrastructure configurations to identify anomalies before they evolved 

into critical security incidents. Intelligent orchestration mechanisms automatically initiated corrective actions including 

workload isolation, automated patch deployment, vulnerability remediation, policy enforcement, infrastructure 

rollback, credential rotation, and resource reallocation. These autonomous capabilities substantially reduced mean time 



   International Journal of Computer Technology and Electronics Communication (IJCTEC) 

                   | ISSN: 2320-0081 | www.ijctece.com ||A Peer-Reviewed, Refereed and Bimonthly Journal | 

              || Volume 8, Issue 6, November – December 2025 || 

             DOI: 10.15680/IJCTECE.2025.0806038 

IJCTEC© 2025                                                        |     An ISO 9001:2008 Certified Journal   |                                                 11939 

     

to detect, mean time to respond, and overall operational downtime. Continuous compliance engines ensured that cloud 

resources consistently satisfied organizational governance policies and international regulatory standards throughout 

the software development lifecycle, eliminating the limitations associated with periodic manual compliance audits. 

Furthermore, AI-driven predictive analytics optimized deployment scheduling, resource allocation, infrastructure 

scaling, and vulnerability prioritization, enabling organizations to accelerate software releases without compromising 

security or service availability. The experimental findings clearly indicate that integrating federated artificial 

intelligence into enterprise DevSecOps pipelines produces measurable improvements in cybersecurity posture, 

infrastructure utilization, software quality, compliance management, and overall business continuity. 

 

Beyond technical enhancements, the proposed framework provides significant organizational and strategic advantages 

for enterprises pursuing intelligent digital transformation initiatives. By automating repetitive security operations, 

continuous monitoring activities, compliance verification processes, and infrastructure optimization tasks, the 

framework reduces operational expenditure while allowing cybersecurity professionals to focus on complex strategic 

responsibilities rather than routine administrative activities. Cross-functional collaboration among software developers, 

cloud engineers, cybersecurity analysts, governance officers, and compliance managers is strengthened through 

intelligent information sharing and synchronized policy enforcement across distributed cloud environments. The 

framework also supports hybrid cloud and multi-cloud deployments by providing standardized orchestration 

mechanisms capable of maintaining consistent security policies and operational governance regardless of infrastructure 

provider. From a sustainability perspective, intelligent resource optimization algorithms reduce unnecessary cloud 

infrastructure consumption through predictive workload balancing and adaptive provisioning, contributing to lower 

energy consumption and reduced operational costs. Privacy-preserving federated learning further enables regulated 

industries—including healthcare, finance, manufacturing, telecommunications, education, and government—to 

collaborate on cybersecurity intelligence while complying with stringent data protection regulations and organizational 

confidentiality requirements. These capabilities position the proposed framework as a highly scalable, secure, and 

future-ready enterprise architecture capable of supporting increasingly complex digital ecosystems operating within 

rapidly changing technological and regulatory environments. 

 

In conclusion, the Federated AI-Enabled Enterprise DevSecOps Framework represents a substantial advancement in 

autonomous enterprise cybersecurity by combining distributed artificial intelligence, intelligent automation, continuous 

compliance, cloud-native technologies, and adaptive security orchestration into a unified operational model. The 

research demonstrates that autonomous AI-driven DevSecOps can successfully transition enterprise security 

management from reactive incident response toward proactive, predictive, and self-governing cybersecurity operations. 

The integration of federated learning ensures continuous improvement of AI models while preserving organizational 

privacy and regulatory compliance, thereby addressing one of the most significant challenges associated with 

collaborative cybersecurity intelligence. The framework not only enhances cloud security and software delivery 

performance but also establishes a resilient foundation for intelligent enterprise governance, operational excellence, and 

sustainable digital innovation. As organizations continue adopting cloud-native architectures, edge computing, artificial 

intelligence, Internet of Things ecosystems, and increasingly decentralized computing infrastructures, the principles 

presented in this research will become increasingly valuable for developing secure, scalable, trustworthy, and 

autonomous enterprise platforms. The findings contribute meaningful theoretical and practical insights for researchers, 

cloud architects, DevSecOps engineers, cybersecurity professionals, enterprise decision-makers, and policymakers 

seeking to build next-generation intelligent cloud ecosystems that combine continuous innovation with robust security, 

regulatory compliance, operational resilience, and long-term organizational sustainability. 

 

VI. FUTURE WORK 

 

The future evolution of the proposed Federated AI-Enabled Enterprise DevSecOps Framework for Autonomous Cloud 

Security Orchestration and Continuous Compliance should focus on advancing the intelligence, scalability, 

interoperability, and trustworthiness of autonomous cybersecurity systems. One promising direction is the integration 

of next-generation large language models (LLMs) and agentic artificial intelligence into DevSecOps environments. 

While the current framework employs federated learning for distributed intelligence, future architectures can 

incorporate autonomous AI agents capable of contextual reasoning, multi-step planning, and collaborative decision-

making across software development, infrastructure management, vulnerability assessment, and compliance auditing. 

These intelligent agents will not only identify security threats but also recommend optimal remediation strategies, 

automatically generate secure infrastructure configurations, produce compliance documentation, and coordinate 

software deployment activities without continuous human supervision. Research should further investigate adaptive 

reinforcement learning algorithms that continuously optimize security policies based on evolving cyberattack patterns, 
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operational workloads, and organizational objectives. Additionally, integrating explainable artificial intelligence (XAI) 

into autonomous decision-making processes will improve transparency, accountability, and user trust by enabling 

security administrators to understand how AI models generate recommendations, classify threats, prioritize 

vulnerabilities, and initiate automated remediation actions. Such explainable capabilities will become increasingly 

important as governments introduce stricter regulations governing the deployment of artificial intelligence within 

critical enterprise infrastructure. 

 

Future research should also investigate expanding federated intelligence across highly heterogeneous computing 

environments that include hybrid cloud infrastructures, multi-cloud deployments, edge computing platforms, Internet of 

Things (IoT) ecosystems, industrial cyber-physical systems, and emerging 6G communication networks. Modern 

enterprises increasingly operate distributed computing environments where sensitive operational data cannot be 

centralized because of regulatory constraints, organizational policies, or data sovereignty requirements. Developing 

scalable federated learning architectures capable of securely coordinating intelligence across millions of distributed 

devices while maintaining communication efficiency represents a significant research challenge. Advanced privacy-

preserving technologies, including differential privacy, secure multi-party computation, homomorphic encryption, 

blockchain-enabled trust management, and confidential computing, should be incorporated into future DevSecOps 

ecosystems to strengthen collaborative cybersecurity intelligence without compromising data confidentiality. 

Furthermore, future architectures should support autonomous interoperability among diverse cloud providers, security 

platforms, identity management systems, compliance frameworks, and enterprise applications through standardized 

APIs and intelligent orchestration mechanisms. Such interoperability will reduce vendor lock-in while enabling 

organizations to dynamically optimize cloud resource allocation, disaster recovery strategies, and workload migration 

according 
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