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I.INTRODUCTION

The expansion of cloud-based e-commerce ecosystems has significantly increased their exposure to targeted and
automated cyber-attacks. The adoption of microservices and cloud-native design has intensified the need for rapid and
continuous software delivery cycles. However, this speed often comes at the cost of security, creating a significant
remediation gap between the detection of a vulnerability and its eventual resolution [1]. Traditional DevSecOps pipelines,
while effective at identifying flaws through static and dynamic analysis, typically rely on manual intervention for the patching
process. This reliance creates operational bottlenecks, as developers must pivot from feature creation to security maintenance,
often leading to delayed deployments and increased exposure to polymorphic threats [2].

Current industry standards for vulnerability management involve fragmented toolsets that provide alerts without
actionable solutions. This reactive posture is no longer sufficient for high-frequency environments like product catalogs,
where even minor downtime or data leaks can lead to massive revenue loss and reputational damage [3]. There is an urgent
need for an orchestration layer that internalizes the fix-cycle. Autonomous Remediation DevSecOps Orchestration System
(ARDOQOS) is proposed as a solution to this crisis. By leveraging an intelligent, self-correcting pipeline, ARDOS identifies
security weaknesses and autonomously synthesizes, validates, and deploys patches.

The primary objective of this research is to evaluate the efficiency of a closed-loop autonomous system in reducing
the Mean Time to Repair (MTTR) while simultaneously optimizing cloud infrastructure costs. By transforming the security
lifecycle from a human-dependent task to an automated architectural function, ARDOS ensures that E-commerce platforms
can maintain a robust security posture without sacrificing the velocity of their development cycles.

I.LLITERATURE SURVEY
Existing studies emphasize embedding SAST and DAST mechanisms within CI/CD workflows to enable early-
stage vulnerability detection; however, these systems primarily emphasize detection rather than automated remediation
[1][4]. Furthermore, the implementation of Al in software maintenance has been explored in the context of bug fixing, but
its application in real-time DevSecOps orchestration remains limited. Traditional systems often fail to validate patches
against business logic, leading to potential system regressions [5]. ARDOS addresses these gaps by introducing a validation
layer that ensures every autonomous patch is functionally sound before deployment.

111.PROPOSED SYSTEM AND METHODOLOGY
The ARDOS framework is engineered as a comprehensive orchestration layer that bridges the gap between software
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development and secure cloud operations. The system architecture is partitioned into three specialized modules that handle
security, deployment, and fiscal efficiency respectively.
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Fig. 1. High Level Architecture for ARDOS
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The primary module establishes a Self-Healing CI/CD pipeline. Upon a code commit, the system triggers an
automated security scan using Static Application Security Testing (SAST) protocols. If a vulnerability (such as SQL injection
or Cross-Site Scripting) is identified, the metadata is forwarded to an Al-driven patching engine. This engine synthesizes a
contextual code fix, which is then subjected to a series of automated unit and integration tests. Only after passing the
validation layer is the secure code automatically merged into the main branch, ensuring that the e-commerce product catalog
remains resilient against exploits without manual developer intervention.

B. Automated Orchestration and Runtime Monitoring

This module facilitates eliminating the manual creation of infrastructure configurations. ARDOS automatically
generates containerization manifests (Dockerfiles) and orchestration scripts (Kubernetes YAMLSs) tailored to the
application's specific requirements. Post-deployment, the module initiates a continuous monitoring loop. It tracks the health
of the cluster in real-time; if a service failure or pod crash is detected, the system autonomously triggers a restart or a version
rollback, maintaining 99.9% availability for the product catalog.
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C. Intelligent Resource and Cost Optimization

The final module addresses the financial overhead of cloud-native applications. By analyzing historical telemetry
data and peak traffic patterns for the e-commerce platform, the system performs real-time resource tuning. It utilizes a
predictive algorithm to identify the minimum viable CPU and memory allocations required for stable performance. By
dynamically updating the system configuration to eliminate "zombie resources" or over-provisioned idle capacity, ARDOS
ensures maximum performance at the lowest possible cloud expenditure.
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Fig. 8. Before vs After Cost Optimization

IV.TECHNIQUES USED
ARDOS integrates advanced DevSecOps automation techniques, artificial intelligence models, security analysis
algorithms and cost optimization strategies to build a self-correcting security pipeline for E-commerce platforms. The system
combines vulnerability detection, Al-driven code remediation, deployment security enforcement, runtime monitoring, and
resource optimization to create an autonomous DevSecOps lifecycle. This section describes the major techniques and
algorithms that form the technical foundation of the ARDOS platform.

A. Static Application Security Testing (SAST)
Within ARDOS, Static Application Security Testing (SAST) is applied at commit time to statically analyze source
code for vulnerabilities such as SQL injection and XSS, enabling early-stage automated remediation [9].

B. Tree-Walk Pattern Matching for Remediation

ARDOS utilizes Abstract Syntax Tree (AST) parsing to perform deep code analysis. By decomposing source code
into a hierarchical tree structure, the system identifies insecure syntax patterns. The Tree-Walk Algorithm then identifies
vulnerable nodes and suggests secure code transformations, ensuring Self-Correcting security at the source level. This allows
the pipeline to programmatically remediate issues like insecure dependencies or improper error handling before the build
phase [10].

C. Heuristic Classification for Auto-Generation
ARDOS employs a Heuristic Decision Tree algorithm in which the system scans the repository for specific
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markers—such as package.json for MERN apps—and automatically classifies the technology stack [6]. Based on this
classification, the algorithm selects the optimal Dockerfile template and Kubernetes manifest configuration, ensuring that
the generated environment is perfectly tailored to the microservice’s requirements.

D. Dag-Based Pipeline Orchestration

ARDOS employs DAG-based scheduling within its CI/CD orchestrator to enforce dependency-aware execution
across remediation and deployment stages. The pipeline models remediation, artifact generation, and deployment as
interdependent nodes, enabling conditional progression between stages. Deployment is triggered only after successful
validation of both the self-correction and auto-generation phases, thereby preventing the propagation of insecure or unstable
builds [7].

E. Linear Regression for Cost Optimization
ARDOS applies Simple Linear Regression on historical Kubernetes telemetry data to dynamically adjust CPU and
memory limits for cost-efficient scaling.

F. Bayesian Optimization for Resource Optimization

ARDOS uses Bayesian Optimization to continuously optimize cloud resource allocation [8]. The algorithm
experiments with different CPU and memory configurations while monitoring performance metrics such as latency and
utilization. Based on these observations, the system identifies minimum viable resource configurations that reduce cloud
costs without affecting performance. The optimized configurations are implemented automatically through GitOps
workflows.

G. CI/CD Pipeline Automation

Continuous Integration and Continuous Deployment (CI/CD) automation enable ARDOS to integrate security
directly into the software development lifecycle. The system automatically scans code during commits, generates remediation
patches, creates pull requests, validates fixes through testing, and merges approved changes. This automation reduces manual
intervention and ensures continuous security compliance [2].

V.RESULTS AND DISCUSSION

The performance of the ARDOS framework was evaluated through a series of controlled experiments conducted on
a simulated e-commerce product catalog environment. The primary metrics for evaluation included the Vulnerability
Remediation Time, the Accuracy of Al-generated Patches, and the Percentage of Cloud Cost Savings.

In traditional DevSecOps environments, the time taken from the detection of a security flaw to its manual resolution
(Mean Time to Repair - MTTR) averaged approximately 14.5 hours. In contrast, ARDOS demonstrated a significant
reduction in this latency. Upon detecting critical vulnerabilities such as SQL injection or Cross-Site Scripting (XSS), the
system successfully synthesized and deployed validated patches in an average of 12.8 minutes.

The Al-driven remediation engine was tested against 50 unique security vulnerabilities. Out of these, 46 patches
(92%) passed the automated regression testing on the first attempt. The remaining 8% were flagged by the Validation Layer
and rolled back, ensuring that no broken code reached the production environment. This highlights the reliability of the Self-
Healing loop in maintaining system uptime.

Module 3’s resource tuning capabilities were monitored over a 30-day cycle. By analyzing the traffic patterns of the
product catalog, ARDOS identified that the system was over-provisioned by 35% during off-peak hours. The automated
rightsizing of CPU and memory limits resulted in a 22.4% reduction in monthly cloud billing without impacting the
application's response time.

The results indicate that moving from a Human-in-the-loop to an Orchestrator-in-the-loop model significantly
strengthens the security posture of cloud-native applications. While traditional tools provide awareness, ARDOS provides
action. The slight latency in the 8% of patches that required re-evaluation proves that the Validation Layer is a necessary
safeguard against Al hallucinations, ensuring that speed does not compromise the functional integrity of the e-commerce
platform.

VI.CONCLUSION

The development and implementation of ARDOS (Autonomous Remediation DevSecOps Orchestration System)
address the critical need for a self-evolving security infrastructure in the modern e-commerce landscape. By shifting from a
reactive alert-only model to a proactive autonomous-remediation model, the research demonstrates a significant reduction in
the window of vulnerability. The integrated pipeline successfully automates the lifecycle of a security patch—from detection
and Al-driven synthesis to validation and deployment—achieving a 98.5% improvement in Mean Time to Repair (MTTR)
compared to traditional manual intervention. Furthermore, the study confirms that security automation does not have to be a
financial burden. Through the intelligent resource tuning module, ARDOS achieved a 22.4% reduction in cloud operational
costs, proving that high-security posture and fiscal efficiency can coexist. This framework provides a scalable, reliable, and
cost-effective solution for securing cloud-native applications, ensuring that rapid development cycles do not compromise
system integrity.
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