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Abstract: In recent years, Continuous Integration/Deployment (CI/CD) has become an indispensable practice in software 

engineering. These practices automate DevOps work, speed up software delivery and maintain quality by minimizing human error. 

This paper explores the use of intelligent automation and machine learning to improve the performance, reliability, and 

predictability of cloud-based CI/CD pipelines. Due to human-induced bottlenecks, long build times, and low visibility, traditional 

pipelines are not suitable for supporting modern software systems that require fast, error-free releases. To overcome these issues, 

the study incorporates AI-based methods, e.g., predictive analytics, anomaly recognition, and autopilot-based decision-making, 

into CI/CD processes. The research framework proposed above uses data collection, data preprocessing, feature engineering, and 

Support Vector Machine (SVM) modeling to forecast failures and maximize resource utilization. Case-based analysis shows that 

with the introduction of ML, there are significant performance gains, including shorter build times, fewer deployment failures, 

reduced resource use, and increased model accuracy. It has been experimentally validated that ML-enhanced CI/CD pipelines can 

reduce build time by 33%, failure rate by 60%, and achieve significant improvements in precision, recall, and F1-score. This 

publication demonstrates the use of AI-based DevOps to provide a multi-cloud experience characterized by intelligent, scalable, 

and proactive software delivery. 
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1 INTRODUCTION 

 

Cloud computing's impact on businesses and consumers has been enormous; software that runs on cloud networks is now pervasive, 

and this has changed many aspects of people's everyday lives [1]. Cloud computing allows organizations and startups to save money 

and scale their services by eliminating the need to buy and manage their own software and hardware. It is now possible for individual 

programmers to build apps and web services that can be accessed worldwide. In this context, "cloud" [2] means a platform that 

provides access to data and applications over the Internet or a web browser. Conventional systems, on the other hand, can only 

operate on a single computer. Therefore, the term "cloud computing" refers to the practice of providing services, including server 

space, networking, and data storage, over the Internet. Instead of storing files on a local hard disc, users can access them remotely 

through a database using cloud computing [3][4]. Anyone with an internet-connected device can view the database [5].  Figure 1 

illustrates the progression of computer. 

 

 
Figure 1: Evolution of Computing 
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Virtualisation and orchestration, two tenets of cloud-native computing [6], are crucial to making the leap to the prospective edge 

computing paradigm. Because of the difficulties with containerisation, operational models, and the limited availability of proven 

techniques, a comprehensive evaluation is required. In terms of both operation and development approaches[7], cloud native 

applications are those that have been purposefully coded to leverage cloud computing environments. Native apps developed for the 

cloud already possess essential cloud properties like scalability, agility, and flexibility.   

 

Continuous integrating and continuing delivery (CI/CD) are the pillars of automation of contemporary software development, where 

the changes of the code are frequently integrated, automatic testing is used, and steady, repeatable, trustworthy software can be 

deployed with underdeveloped speed [8][9]. However, there are increased levels of complexity associated with building resilient 

CI/CD [10] pipelines across multi-cloud to support innovation across diverse cloud environments. With workloads increasingly 

being allocated across cloud platforms as organizations seek to maximize cost, locality and service availability, CI/CD procedures 

are forced to adapt. Nevertheless, traditional CI/CD toolchains, which are optimized to work in monolithic or single-cloud 

environments, often fail at large scale in dynamic and distributed multi-cloud environments [11]. Modern continuous integration 

and continuous delivery (CI/CD) pipelines are cognitively overwhelmed, policy vulnerable, and operationally inefficient due to the 

growing complexity of software delivery across microservices, multi-cloud platforms, and regulated environments [12][13]. While 

DevOps automation has accelerated deployment speeds, it is still rule-based and reactive, meaning it cannot understand or account 

for complex pipeline behaviour, failure patterns, or governance constraints [14]. 

 

1.1 Structure of the Paper 

 

The structure of the paper is as follows: Section II explores intelligent automation in CI/CD, including its core concepts, definitions, 

and cloud-native tooling. The frameworks and optimization methods of cloud-based CI/CD pipelines are described in Section III. 

Section IV defines the architectural designs and tools for multi-cloud CI/CD. Section V provide a case-based ML system to enhance 

performance and predict failures. Section VI summarizes pertinent literature and research gaps, and section VII brings the findings 

and future directions to a conclusion.  

 

2 THE RISE OF INTELLIGENT AUTOMATION IN CI/CD 

 

The concept of automation in a large system is not something new. AI and humans differ categorically in their work. Large-scale 

systems require quick and reliable software releases. Traditional CI/CD pipelines face significant challenges because their inherent 

complexity creates major hurdles. Human bottlenecks bring manual processes that increase human error, introduce huge delays in 

pushing software to production, and impede responses to the business [15][16] side as well. Hence, there is a real rush among 

enterprises [17] to find novel solutions for automating and optimizing pipelines. One such line of attack is AI-powered tools, which 

in turn open doors to more intelligent automation. It allows for the capability to ingest and analyze very large volumes of data that 

generated by the CI/CD process, which in return able to pattern and anomaly recognition that sometimes goes unnoticed by human 

professionals. The role of AI in CI/CD goes far beyond mere automation. It also includes predictive analytics, anomaly detection, 

and intelligent decision-making. These functions open the way to an organization to have a more proactive approach based on data 

in its software practices of delivery.  

 

2.1 Definition and Dimensions 

 

Recent years have seen significant shifts in the software development landscape. Increasingly complex problems necessitate rapid 

innovation from businesses, and cloud computing is enjoying a meteoric rise in popularity. Every DevOps system relies on 

continuous integration and deployment (CI/CD), which helps companies automate software release in addition to testing and 

development. Reduced human error, improved product quality, and accelerated time to market are all benefits that software teams 

can reap from implementing CI/CD pipelines into their workflows. Companies that do not adopt CI/CD are likely to lose competition 

with others that may develop faster and be able to respond to market needs better. With the significance of CI/CD in facilitation of 

software delivery [18], the choice of the platform is a strategic move, which can greatly influence the productivity of a development 

team, its operational performance, and the general software lifecycle process. Some of the fundamental ideas of CI/CD are explained 

below: 

 

• Continuous Integration (CI): Software engineers typically follow the industry standard practice of checking in with a 

common repository many times daily to verify the viability of their code. Collaboration on a single project is accelerated 

with CI because it allows for automated build and testing. With CI, software companies can also reduce their release cycle 

time and release more frequently. By making use of the existing practice sets, this method facilitates a dependable and 

speedy program launch into production [19][20]. Because working software versions are merged on a regular basis, 

software integration problems and costs are reduced or eliminated. Software development teams that follow the CI principle 

of short iterations and rapid code merging between functional and root code are urged to do so. Figure 2 displays the CI 

summary.  
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Figure 2: Continuous Integration (CI) 

 

• Continuous Delivery (CD): A software engineering methodology known as "continuous delivery" involves frequent 

software releases following iterative phases of design, development, testing, and deployment. A foundation of automation 

underpins the entire process, ensuring a rapid and reliable cycle. They can put software into a system that is very close to 

production by following a set of steps. A container registry (or code repository) is a place where application developers 

may save their work and have it automatically tested for errors. This process is called a CD. This gives the operations team 

the green light to make all the changes in a live environment. As a result, CD is able to help DevOps and business teams 

overcome the challenges of poor communication and transparency [21].  

• Continuous Deployment (CDT): Continuous deployment refers to the practice of automatically releasing updated 

software code or architecture upon qualification. It may be difficult to tell CD from CDT. To code, compile, and test the 

application, Continuous Integration (CI) uses code repositories, build and test systems, and an automated pipeline. The 

app's latest version, which was launched following testing, is fully functional. One approach would be to create an 

executable, RPM, or ISO image of the build program and then upload it to the internet so that users can install it in their 

own systems [22]. 

 

2.2 CI/CD Tools in Cloud Native Environments 

 

CI/CD tools are the programs and external services that are utilised in this context. The platform, Gitlab, is utilised by this proposed 

solution for pipeline development, generation, and construction [23]. Additionally, the scripts used to write the solution are known 

as Bash scripts. These scripts are often located on the command line and consist of plain text files containing a number of 

instructions.  

 

• GitLab: GitLab unifies the operations, development, and security teams with its comprehensive DevOps platform [24]. 

By lowering development costs and security [25] risks, GitLab lets teams speed up product delivery from weeks to minutes. 

The following are only a handful of Gitlab's features that make it a great fit for any company or project:    

• Build Tools: Docker, a containerisation technology, and Kaniko are being suggested as solutions for the Continuous 

Integration (or building) component. The complex process of setting up a Docker environment typically involves a great 

deal of trial and error on the part of the developer. For a Docker container to be created, one must first update a specification 

(such a Dockerfile), then create an image, place the image into a container, test it to ensure it functions as intended, identify 

the cause(s) of any failures, and then return to step one to refine the specification. However, Docker is effective, works 

across platforms, and offers features like caching, customisation, scalability, and security. A Docker file can be used to 

create a container image using Kaniko [26], which can then be used within a container or a Kubernetes cluster. Actually, 

this step gets the application ready for the next step and pushes it through. 

• Deployment Tools: This solution employs Kubernetes, specifically Helm, for the Continuous Delivery and Deployment 

component. The Kubernetes platform automates and manages the lifecycle of containerised apps. It is free and open-source. 

To run a top Kubernetes cluster, Helm was the first application package manager. 

 

3 FRAMEWORKS FOR OPTIMIZING CLOUD-BASED CI/CD PIPELINES 

 

Secure, consistent, and rapid software delivery is essential, and this can only be achieved with the help of cloud-based continuous 

integration and deployment pipelines [27]. It expedites the build-test-deploy process. The transition from a code update to a 

production deployment goes more smoothly and efficiently when pipeline is well-oiled [28]. There are a number of methods that 
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businesses may employ to improve their pipelines, making them more efficient, scalable, and cost-effective. Primary approaches 

include:  

 

 
Figure 3: Optimizing Techniques in CI/CD Pipeline 

 

Figure 3 represents the CI/CD workflow as an infinity loop with continuous integration tasks (plan, branch, code, merge, build) as 

the source of continuous delivery tasks (release, deploy, operate, monitor) in order to provide rapid, automated, and dependable 

delivery of software. 

 

3.1 Build Optimization Techniques 

 

Techniques employed to optimise the build process can enhance efficiency by reducing build times through incremental builds, 

caching, and parallel task execution. Get reliable software faster by automating dependencies and optimising configuration.  

 

• Incremental Builds: A faster build can be achieved with incremental builds. Save a lot of time and resources, as well as 

quality by simply rebuilding only the sections of code where the changes occur. Improved developer productivity, shorter 

build times, and less resource use are all results of incremental build optimisation.   

• Dependency Management:  It is important to prevent such pitfalls, and in order to do so, dependency management is 

crucial to a healthy and efficient build process [29]. It Reviews and updates on a regular basis in order to reduce security 

risks [30].   

• Automating and Parallelizing Development: Pipeline transformation, process simplification, and build time reduction 

are all possible outcomes of build automation and parallelisation [31]. Use the parallelisation features that CI tool already 

has. 

 

3.2 Test Optimization Techniques 

 

To enhance efficiency, test optimization methods help in firstly prioritizing the tests, parallelism and thirdly by employing test data 

management tools. Such strategies as the reusability of test cases, automated regression testing, and continuous integration of tests 

guarantee the increased speed of feedback and quality of software delivery.  

 

• Test Prioritization: Prioritisation of tests ensures that only the most relevant tests are run on each modification to the code 

and should put tests prior and concentrate on things that are important so that can achieve the optimum quality without 

being wastage of time and resources [32]. It is founded on the principles of time and risk prioritising.  

• Test Automation: Quickness, less room for human mistake, and assurance in pipeline This is due to the fact that having 

faith in pipeline, quicker test execution, and reduced human error rates are all made possible through automated testing. 

Enhanced test coverage and faster test execution are the results of test automation. Consistent and reproducible outcomes 

are produced.  

• Shift-Left Testing: The method of integrating testing into the initial stages of development is known as "shift-left testing." 

To save time and resources by finding bugs earlier. Reducing the amount of effort spent on error rectification and 

troubleshooting. 

 

3.3 Deployment Optimization Techniques 

 

The automated deployment process and rapid, high-quality releases made possible by continuous delivery allow to provide users 

with additional features and bug fixes at a faster rate [33]. This enables quick implementation to the market, quick feedback to the 

user and better adaptability to market trends. The procedure can be guided by GitHub Actions, an intelligent solution, and the multi-

cloud CD platform Spinnaker [34]. In order to reduce risk, speed up problem diagnosis, and build user trust, Canary Releases 

distribute changes to a small set of users first. By utilising two identical environments that can be effortlessly swapped over, 
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Blue/Green Deployments help to guarantee 0% downtime [35]. Improving the transition with technologies like Kubernetes, AWS, 

and Azure, it also provides fast rollback and enhances confidence in the deployment. Software deployment solutions that include 

enough monitoring and feedback are dependable and efficient.    

 

3.4 Monitoring and Feedback 

 

CI/CD pipeline optimisation is necessary to get high-efficiency delivery through feedback and tracking. Through continuous 

monitoring, teams may keep tabs on key performance indicators (KPIs) such as build time, success rate, test execution time, and 

deployment frequency. This data allows them to identify areas for pipeline improvement [36]. Measures like build success rate, test 

coverage, and MTTR provide light on the state of a pipeline. Tools like Datadog [37], New Relic, and AppDynamics make it easy 

to monitor and analyse these metrics. These tools give teams real-time feedback on how well their pipelines are running, which 

boosts their confidence to continuously optimise pipeline performance. 

 

4 ARCHITECTURAL PATTERNS AND TOOLS FOR MULTI-CLOUD CI/CD 

 

CI/CD has become a household name in enterprise IT due to the acceleration of digital transformation, as well as the extensive 

practice of DevOps. Companies in every industry [38][39][40]also use CI/CD pipelines to automate the build, test, and deploy phase 

of software development to save drastically on time to market and enhance code quality and deployment reliability [41]. It is a 

daunting task to manage the pipeline orchestration of various cloud platforms, which are each having their own API structure, 

authentication designs, network designs, and service ecosystems [42]. The conventional CI/CD toolchain intended to be used with 

monocloud or on-premise environments tend to fail when scaled to multi-cloud architecture[43][44]. The variation found in security 

structures, observability instruments and compliance needs among cloud vendors adds complexity to providing coherent and reliable 

deployments.  

 

4.1 Decentralized Microservices with Central Governance 

 

A good pattern to use when CI/CD is in the multi-cloud environment framework is to use a decentralized microservice architecture 

and centralized governance. Development teams are free to work autonomously. deploy services on their favourite cloud platforms 

but central IT offers shared governance frameworks such as authentication [45], auditing and pipeline policies. The model is used 

to make sure that teams are agile without compromising the enterprise-wide security and compliance. Monitoring dashboards, 

centralized artifact repositories and container registries can be used to maintain visibility and control across the cloud boundaries. 

 

4.2 Containerization and Kubermeters as the Unifying Layer 
 

Containers offer an abstraction layer, and decouple applications with the underlying infrastructure, and they are perfect in the context 

of multi-cloud portability. Kubernetes also standardizes deployment and scaling on the cloud platforms. CI/CD pipelines could be 

constructed to create container images and store them in a universal registry (like Docker Hub or Amazon ECR) [46] and deploy 

them with the Kubernetes manifests or Helm charts. Kubernetes extensions, such as FluxCD and Argo CD, add Gitops-based 

continuous deployment capabilities to Kubernetes so that its automation and policies can be applied platform-neutrally. 

 

4.3 GitOps-Driven CI/CD Pipeline 

 

Software infrastructure-as-a-service (CI/CD) across several clouds is increasingly based on GitOps. Consistent and auditable 

deployments across all clouds achievable when organisations solely rely on Git for application and infrastructure configuration. 

Version control enables rollbacks through declarative manifests that trace drift. Argo CD, FluxCD, and Jenkins X are examples of 

tools which enable GitOps workflows, so that the Git repository and the runtime environments can be reconciled automatically. 

Such a trend enhances operational transparency and reduces deployment errors.   

 

4.4 Cross-Platform Infrastructure as Code (IaC) 

 

IaC is essential for multi-cloud pipeline reproducibility and automation. Cross-platform solutions, such as Terraform and Pulumi, 

allow the team to declare infrastructure in a cloud-neutral way in the form of reusable modules. Templating infrastructure of AWS, 

Azure, and GCP, teams do not duplicate their work and provide standardization across the environments. IaC also integrates with 

CI/CD pipelines by provisioning and tearing down testing and staging environments through automation, which hastens the software 

delivery lifecycle. 

 

4.5 Federated Identity and Access Management (IAM) 

 

Security and identity management are the main concerns of multi-cloud CI/CD. With federated authentication, many technologies 

allow for single sign-on and role-based access [47] IAM solutions, including Okta, Azure AD, and Google Identity. The combination 

of these systems with the CI/CD tools such as GitLabs, Jenkins, or GitHub Actions assists in centralizing permissions and applying 

the least-privilege principles. Federation also eases the auditing and the developer experience, which is centralized by the unification 

of the login procedure across clouds.  
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5 CASE-BASED FRAMEWORK OF CI/CD PIPELINES FOR ENHANCING PERFORMANCE AND PREDICTING 

FAILURES 

 

5.1 Strategy of the Study 

 

The strategy behind this case study is detailed thoroughly in the section below.  

 

• Data Collection and Preprocessing: Logs, performance indicators, build durations, and failure rates are just a few 

examples of the abundant data available from conventional CI/CD systems. This step is critical because it preconditions 

the further investigation and model training. Data obtained is strictly cleaned to eliminate noise and outliers. This is done 

to make the dataset dependable and appropriate to analyze. Methods like the metric normalization are used to normalize 

the data. 

• Feature Engineering: Features are extracted to train the ML models; these features include crucial parameters like build 

time, code changes, pass/fail rates, and more. In order to feed the model only the most important data points, statistical 

methods are used in feature selection. 

• Model Selection: SVMs are a kind of machine learning that are both non-parametric and can handle classification and 

regression issues [48][49]. Highly accurate predictions are possible using SVM because of this [50]. This is particularly 

true for high-dimensional systems. Its accuracy in task classification, especially in failure prediction, makes it very 

valuable. 

 

5.2 Result Analysis 

 

The model's Precision, Recall, F1 Score, and Accuracy—all used for performance optimisation and failure prediction—were 

substantially enhanced once machine learning was integrated into the CI/CD process. After ML was integrated, the training time 

was calculated to see how well the model training method worked. After the ML approach was applied, the results of the pipeline's 

performance are shown in Figure 4 and Table 1. 

 

Table 1: Pipeline Performance After ML Integration 

Metric Before ML Integration After ML Integration Improvement 

Average build time (mins) 45 minutes 30 minutes 33% reduction in build time 

Build failure rate (%) 25% 10% 60% reduction in build failures 

Test execution time (mins) 20 minutes 12 minutes 40% reduction in test execution time 

CPU utilization (%) 85% 70% 18% reduction in CPU utilization 

Memory utilization (%) 70% 60% 14% reduction in memory usage 

 
Figure 4: Pipeline performance before and after ML integration  

 

Table 2 demonstrates that in the post-ML integration, the model became significantly better; the precision increased to 90, recall to 

85, F1 to 87.5, and accuracy to 88, and the time spent on training was reduced by half.  

 



M. Jainl, Journal of Global Research in Mathematical Archives,  

 

© JGRMA 2026, All Rights Reserved   7 

Table 2: Model precision, recall, F1 score and accuracy 

Metric Before ML Integration After ML Integration Improvement 

Model precision (%) 75% 90% 20% improvement in precision 

Model recall (%) 70% 85% 21.4% improvement in recall 

F1 score 72.5 87.5 20.7% improvement in F1 score 

Accuracy rate (%) 76% 88% 15.8% improvement in overall accuracy 

Training time (mins) 30 minutes 15 minutes 50% reduction in training time 

 
Figure 5: Model Performance 

 

Figure 5 contrasts the model performance prior to and after it has been incorporated with ML, showing clear improvements across 

all metrics. Predictably, after integration, all metrics, such as precision, recall, F1 score, and accuracy, have a noticeable upward 

trend, and the training time is a lot lower. The graph indicates that integrating ML, in addition to increasing predictive accuracy, 

also increases efficiency. 

 

6 LITERATURE REVIEW 

 

CI/CD automation analysis aims to provide resilient, efficient and reliable pipelines in dynamic cloud-native environments. The 

subsequent sections discuss research on pipeline performance, bottlenecks, failures, and optimization strategies, and, in particular, 

focus on ways to improve performance in terms of scalability, security, and operational robustness.  

 

Ramteke et al. (2026) presents the architecture, design decisions, implementation strategies, and deployment methodology of Hero 

Lib, a cloud-native web application for browsing a curated book catalog. The methodology involves leveraging declarative 

configuration tools, such as Terraform, alongside Google Cloud Platform (GCP) services to orchestrate the full lifecycle of multi-

tier applications. Through systematic analysis, this study demonstrates that automated deployment frameworks significantly reduce 

operational latency, enhance environment consistency and eliminate configuration drift commonly associated with manual 

provisioning. Experimental findings reveal an 80% reduction in deployment duration and improved reliability metrics compared to 

conventional manual methodologies [51]. 

 

Elghani et al. (2025) existing public datasets lack the granularity or breadth of metrics required for in-depth research, often omitting 

critical computing and network performance indicators, particularly within cloud-native environments for telecommunications 

workloads. TimeTrack addresses this gap by offering a comprehensive time series dataset collected from an OpenAirInterface (OAI) 

Continuous Integration/Continuous Deployment (CI/CD) cluster. The dataset contains monitoring data on both computing and 

network resources used by the CI/CD of OAI components (gNodeB, User Equipments and Core Network), providing a unique 

perspective on the demands of cloud-native telecommunications systems. The primary objective of TimeTrack is to support research 

in resource management, anomaly detection, and network optimization in similar environments [52]. 

 

Kumar et al. (2024) explored the development and implementation of a cloud-native continuous integration and delivery pipeline 

to automate the deployment of machine learning models. Docker, Kubernetes, Jenkins, and cloud platforms such as AWS, Google 

Cloud, and Azure are utilised by the pipeline to enhance the reliability, efficiency, and consistency of the development process. 

Address critical concerns such as scalability, security, and model drift, offering solutions to ensure smooth operation in dynamic 
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business environments. Evaluations of performance show that a cloud-native approach is beneficial, with gains in deployment time 

and optimisation of resources being particularly noteworthy [53]. 

 

Wang and Wei (2023) presented cloud-native architecture, together with the idea of exact testing and the associated methodologies 

for optimisation and implementation. The case studies show how to improve the quality and dependability of cloud-native apps by 

using precise testing during development. The advent of the cloud-native era in software development and deployment has brought 

about substantial improvements, empowering applications to be elastic, scalable, and reliable. However, cloud-native architecture's 

complexity makes traditional testing methods obsolete, necessitating new technology to enhance software testing quality [54].  

 

 D et al. (2023) The software development process and the system's security might be severely compromised if flaws and assaults 

were to target the CI/CD pipeline. This research delves into both the concept of CI/CD and the potential weaknesses in pipeline 

security. Security flaws in the software could jeopardise its availability, confidentiality, and integrity through a variety of attack 

vectors, including malicious code injection, unauthorised access, and misconfigurations. Even the most cutting-edge CI/CD pipeline 

has not taken nearly enough precautions to prevent these vulnerabilities. This inquiry primarily makes use of Snyk, CodeQL, and 

SLSA [55]. 

 

Gupta et al. (2022) A modular method lets smaller, more focused teams work on specific containers, which makes development 

easier, faster, safer, and more efficient. Here, a new development process focal point called GitOps stands out for its efficient, 

dependable, quick, and agile approach to improving performance with cloud-native. This article explains how to employ GitOps in 

a Kubernetes organisation, how to run Kubernetes GitOps on Amazon Web Services (AWS), and how to benefit from integrating 

GitOps into a Kubernetes environment, all based on day 2 operations [56].  

 

Table 3 presents a literature review of CI/CD pipelines in cloud networks, such as the objective, contribution, tools, importance, and 

gap identification. 

 

Table 3: Summary of Literature on CI/CD Automation in Cloud-Native Environments 

Citation Study Focus Proposed Solution / 

Contribution 

Tools / Technologies 

Used 

Significance Limitations 

Ramteke 

et al. 

(2026) 

Cloud-native 

application 

deployment and 

automation 

Implementation of 

automated 

deployment using 

declarative 

infrastructure and 

cloud services 

Terraform, Google 

Cloud Platform 

(GCP) 

Reduces deployment 

time (80%), improves 

consistency, 

minimizes 

configuration drift 

Limited 

generalization across 

multi-cloud 

environments; lacks 

focus on security and 

scalability 

challenges 

Elghani 

et al. 

(2025) 

Lack of granular 

public datasets for 

telecom cloud-

native research 

TimeTrack dataset 

capturing time-series 

compute & network 

metrics from OAI 

CI/CD cluster 

OpenAirInterface 

(OAI), CI/CD, 

Telecom components 

(gNodeB, UE, Core) 

Supports research in 

resource 

management, 

anomaly detection, 

telecom performance 

optimization 

Limited to OAI 

environments; 

generalization to 

other telecom stacks 

not validated 

Kumar et 

al. (2024) 

Cloud-native 

CI/CD for ML 

model 

deployment 

Automated CI/CD 

pipeline improving 

efficiency, reliability, 

& scalability for ML 

workloads 

Docker, Kubernetes, 

Jenkins, AWS, GCP, 

Azure 

Improves 

deployment speed, 

consistency, and 

resource utilization; 

addresses model drift 

& security challenges 

No detailed 

evaluation of long-

term model lifecycle 

management or 

compliance aspects 

Wang & 

Wei 

(2023) 

Cloud-native 

software testing 

complexity 

Precise testing 

methodologies and 

architectural 

optimization for 

reliable cloud-native 

applications 

Case-based testing 

methods 

Enhances reliability, 

elasticity, and quality 

of cloud-native 

systems 

Limited information 

on test automation 

scalability and 

tooling diversity 

D et al. 

(2023) 

Security 

vulnerabilities in 

CI/CD pipelines 

Identification of 

attack vectors + 

application of modern 

pipeline security tools 

CodeQL, SLSA, 

Snyk 

Highlights CI/CD 

threat landscape and 

mitigations for 

integrity, 

confidentiality & 

availability 

Lacks a unified 

framework; focuses 

on tooling rather 

than continuous 

security integration 

Gupta et 

al. (2022) 

Cloud-native 

modular 

development 

using GitOps 

Evaluation & 

implementation of 

Kubernetes GitOps 

Kubernetes, GitOps, 

AWS 

Enables secure, agile, 

fast, and modular 

DevOps operations; 

Limited empirical 

evaluation; business-

level impact not 
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process for efficient 

operations 

improves Day-2 

automation 

quantitatively 

measured 

 

7 CONCLUSION AND FUTURE WORK  

 

DevOps and CI/CD solutions are of great importance to enterprises and organizations in the modern world. These approaches are 

intended to make their businesses more agile, productive and efficient in their operations. This paper proves that intelligent 

automation and machine learning applied to CI/CD pipelines are highly beneficial in improving software delivery performance, 

reliability, and predictability. Through automated data collection and feature engineering, predictive modeling using SVM enables 

organizations to proactively identify failures, optimize resources, and reduce deployment cycles. These advantages are confirmed 

by the experimental findings, with significant reductions in build and test time, fewer failures and better model performance 

indicators. In addition to operational efficiency, the results show a strategic shift to data-driven DevOps, with automation extending 

beyond merely performing tasks to making key decisions and enabling ongoing optimization. With the increasing complexity of 

cloud-native and multi-cloud environments, these AI-supported CI/CD pipelines represent a scalable way to achieve resilient, 

adaptable and high-velocity software delivery.  

 

Future research might build on this work by delving deeper into self-healing mechanisms in CI/CD pipelines, real-time anomaly 

detection, and different ML models. To further progress towards pure intelligence and adaptability in software delivery methods, 

multi-cloud DevOps systems can be enhanced with edge analytics, reinforcement learning, and AIOps. This integration also 

improves scalability, self-healing, and proactive optimization.  
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