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Abstract: DevOps reshapes software delivery by integrating development and operations to drive speed, collaboration, and reliability.
This survey explores the growing role of Artificial Intelligence (Al) and Machine Learning Operations (MLOps) in enhancing Continuous
Integration and Continuous Deployment (C1/CD) pipelines. It reviews how Al-driven approaches, alongside cloud platforms like AWS,
Azure, and Google Cloud, automate model deployment, experimentation, and monitoring. While modern CI/CD tools such as Jenkins,
CircleCl, and Flux CD streamline processes, challenges remain in orchestrating diverse systems, ensuring data privacy, and maintaining
model robustness. Future research must focus on standardizing MLOps practices and advancing automated monitoring to fully realize
AD’s potential. By addressing these challenges, organizations can achieve move resilient, efficient, and intelligent software delivery.
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1. Introduction

DevOps merges software development and IT operations into
a unified framework, emphasizing collaboration, automation,
and continuous feedback. Its primary goal is to accelerate
software delivery, improve product quality, and respond
swiftly to user needs, giving organizations a competitive
edge. By automating the software development lifecycle
(SDLC) and promoting continuous improvement, DevOps
minimizes risk and reduces release cycles. Traditional models
often suffer from long release times and performance issues.
DevOps introduces Continuous Integration (Cl) and
Continuous Delivery (CD) to address these challenges,

enabling frequent integration of code and automated
deployments. CI/CD pipelines enhance development agility,
reduce manual errors, and allow faster more reliable releases.
Furthermore, integrating security into the DevOps pipeline—
known as DevSecOps—ensures early vulnerability detection
and compliance without slowing down development. As
software complexity grows, CI/CD practices become
essential for delivering high-quality, reliable applications
efficiently. These strategies foster a culture of collaboration,
rapid feedback, and operational excellence, making them
indispensable  in  modern  software  development
environments. Figure 1 illustrates the CI/CD process and its
components.
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Figure 1: CI/CD Process

Though different survey covers the concepts of CI/CD, the
present survey focuses on reviewing overview, testing,
security of CI/CD along with Al integration such as MLOps,
and cloud infrastructure techniques, thereby making the
survey standout from other works. This survey distinguishes
itself by concentrating on the convergence of CI/CD with Al
innovations such as MLOps and cloud techniques and
emphasizes how these integrations address the complexities
of deploying Al models in production environments while
maintaining agility and reliability across diverse systems. By
harnessing Al-driven automation, organizations can achieve
faster release cycles without compromising quality or
security, making this approach essential for future-proofing

software delivery processes in rapidly evolving technological
landscapes.

1.1 Paper Contributions

The paper contributions are listed as follows,

« To comprehensively review the CI/CD concepts, it is
essential to provide a comprehensive overview of the
continuous integration and continuous delivery
processes, emphasizing their significance in modern
software development. This includes discussing the
benefits of CI/CD, a thorough examination of various
tools and technologies used in CI/CD practices is
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necessary, as these tools play a critical role in automating
and managing the software development lifecycle
effectively.

e To exclusively review Al integration with CI/CD for
better deployment as it is crucial to explore how artificial
intelligence can enhance automation within CI/CD
pipelines. This involves assessing Al-driven tools that
facilitate automated testing, monitoring, and security
assessments, thereby improving deployment efficiency
and reliability. Furthermore, an emphasis on cloud
infrastructure particularly platforms like AWS, GCP, and
Azure is included to illustrate how these environments
support scalable and flexible CI/CD implementations.

o Todiscuss the challenges and limitations faced by state-
of-the-art approaches for CI/CD as it is important to
identify common obstacles such as integration
complexities, security vulnerabilities, and the need for
continuous  monitoring.  Recommendations  for
overcoming these limitations is demonstrated, thus

Future recommendation address these challenges by
offering solutions that enhance the robustness and
effectiveness of CI/CD methodologies.

2. Overview and Benefits of Continuous
Integration

Continuous Integration (CI) is a development practice where
code changes are automatically merged into a shared
repository and tested frequently, often multiple times per day.
Each update triggers automated builds and tests, helping
detect and fix bugs early, speeding up release cycles, and
maintaining a stable codebase. By automating integration and
testing, Cl reduces manual errors, enhances team
collaboration, and ensures consistent software quality. It is a
key pillar of DevOps, supporting faster, safer deployments
while fostering agility and continuous improvement. Figure 2
illustrates the CI pipeline process.
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Figure 2: Process involved in CI

2.1 Benefits of ClI

e Quick Feedback Cycles: CI provides instant feedback on
developers' code alterations, which is utilized to determine
issues rapidly. Such prompt reaction assists in continuous
progress in development

o Bug Detection in the Early Development Cycle:
Continuous integration aids in identifying bugs and other
faults during early development cycles, thereby reducing
them at affordable prices when discovered later in their
later stages.

o Continuous Building and Testing: CI facilitates
continuous building and testing, meaning, the code-base is
always in a state that can be run. This ongoing testing
minimizes the chances of inserting defects into
production.

« Better Collaboration: CI ensures greater collaboration
between team members since there is a central place for
integrating code. Such an environment supports
synchronization of work, thus avoiding
misunderstandings and redundancy of efforts.

o Faster Time to Market: With CI, new features and
updates can be rolled out faster, and organizations can

react to marketplace needs effectively. This agility is vital
in retaining a competitive advantage.

« Improved Productivity: By automating the routine
process of builds and tests, CI allows developers to work
on more important aspects of development, thus
enhancing productivity.

3. Overview of Continuous Delivery

Continuous Delivery (CD) is a software engineering practice
focused on automating the build, test, and release processes
to enable reliable, rapid software delivery. By establishing a
repeatable deployment pipeline, CD ensures that each code
change passes automated tests and is always ready for
production release. This approach promotes incremental
updates, minimizes risk, and enhances system stability. Key
elements like visibility, feedback, and automation enable
faster, safer deployments with minimal human intervention.
CD practices, such as microservices architecture and feature
toggles, further streamline deployment cycles and improve
product quality. Figure 3 illustrates the CD process flow.
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Figure 3: Process involved in Continuous Delivery

3.1 Benefits of CD

o Accelerated Time-to-Market: With automated delivery,
CD facilitates quicker releases of new features and
updates. This responsiveness enables companies to react
fast to customer needs and remain competitive.

« Better Software Quality: End-to-end testing throughout
the pipeline ensures early detection of bugs, leading to
stable and secure software. Regular releases minimize the
complexity of changes, and it becomes simpler to detect
issues.

o Improved Productivity: Automation eliminates
developers from repetitive tasks such as manual testing or
deployment, freeing them to work on innovation and
feature development.

o Customer Satisfaction: Regular updates derived from
user responses guarantee that the product develops along
customer requirements. This responsiveness helps in
establishing users' trust and loyalty.

« Cost Efficiency: Though upfront deployment demands
investment in infrastructure and tools, CD lowers long-
term expenditures by automating workflows and reducing
deployment errors that lead to downtime.

CI/ICD Tools

4. Implications  of and

Technologies
4.1 Popular CI/CD Tools and Technologies

Some of the major tools used for Continuous Integration (CI)
are Jenkins, Bamboo, and GitHub CI, each offering
powerful features to automate building, testing, and
deploying software. Figure 4 shows a visual representation of
these leading CI/CD technologies.
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Figure 4: Tools and Technology for CI/CD

a) Jenkins: Jenkins is a widely used open-source automation
server that supports continuous integration (Cl) and
continuous delivery (CD). Built in Java, Jenkins automates
building, testing, and deploying code, offering flexibility
through over 1,000 plugins. It features Pipeline as Code (via
Jenkinsfile) for managing CI/CD workflows and operates in
cloud or on-premises environments. With a master-slave
architecture for load distribution and strong community
support, Jenkins is a key tool for streamlining software
development and deployment processes.

b) Bamboo: Bamboo is Atlassian's high-end CI/CD server,
which integrates elegantly with Jira, Bitbucket, and
Confluence. It has built-in support for distributed build agents
to scale the builds and supports plan branches, and pull
request triggers for making feature development easier.
Bamboo deployment projects make app delivery across the
environments automated for smooth releases. Its single-
unified integration across Atlassian products supports better
team collaboration.

c) GitHub CI: GitHub CI simplifies development by
automating testing and deployment of code changes. Using
GitHub Actions, developers create custom workflows
triggered by events like pushes or pull requests, ensuring code
is automatically built and tested before merging. This
improves code quality, detects bugs early, and boosts team
collaboration. Pre-built community actions further streamline
common tasks like Docker builds and notifications. Overall,
GitHub CI enhances transparency, accelerates development
cycles, and strengthens project quality.
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Table 1: Tools and its significance

Tool Key features Best For Pricing Integrations Scalability
Jenkins Open-source, extensive plugin Large-scale projects Free GitHub, Bitbucket, Highly
ecosystem, supports custom pipelines Docker, etc. scalable
Bamboo | Seamless Atlassian integration (Jira, | Enterprise DevOps Paid Jira, Bitbucket, High
Bitbucket), deployment projects teams Confluence
GitHub Native to GitHub, YAML-based GitHub-hosted Free for public repos; Paid | Docker, Kubernetes |Cloud-native
Actions workflows, reusable actions repositories plans for private repos scaling

4.2 Popular tools for CD technologies
Some of the popular CD technologies are listed as follows,

a) DeployBot

DeployBot is a SaaS-based tool designed for continuous
delivery and deployment, integrating seamlessly with version
control systems like Git and Subversion. It allows both
manual and automatic code deployments across multiple
environments, offering flexibility for development teams.
DeployBot supports real-time progress tracking, enabling
developers to monitor the status of deployments as they occur.
Additionally, it provides rollback capabilities, ensuring that
problematic releases can be reverted quickly to maintain
application stability. With features like Docker container
support and the ability to execute shell scripts during
deployment, DeployBot simplifies complex workflows while
enhancing reliability.

b) RunDeck

RunDeck is an open-source platform tailored for managing
cloud or data center operations with a focus on scalability and
automation. It enables teams to create workflows and
schedule tasks efficiently, streamlining operational processes.
RunDeck supports Docker-based installations and integrates
with external sources to simplify deployment tasks across
distributed environments. Its versatility makes it suitable for
both small-scale operations and large enterprise setups,
providing tools to enhance productivity while maintaining
system reliability.

c) GoCD

GoCD is a free and open-source tool specifically built for
continuous delivery pipelines. It offers secure production
deployments with comprehensive support from an active
community, ensuring that users can troubleshoot issues
effectively and benefit from ongoing enhancements. GoCD
emphasizes pipeline visualization, enabling teams to track the
flow of changes from development to production. Its robust
security features and focus on continuous delivery make it a
preferred choice for organizations seeking reliable and
transparent deployment processes without incurring licensing
costs.

5. Testing Approaches in CI/CD

Testing remains a critical pillar in ensuring the quality,
reliability, and performance of software within CI/CD
pipelines. The major testing strategies are outlined below:

e Unit Testing: Validates individual components in
isolation to ensure correct functionality. Tools like Gulp,
Karma, Jasmine (Ul) and ScalaTest (server-side) are
commonly used. Test-Driven Development (TDD)
practices further improve early bug detection and system
stability.

« End-to-End (E2E) Testing: Validates entire workflows
in near-real conditions, exposing system-wide faults.
Although E2E testing enhances release quality, it is
resource-intensive and requires careful maintenance due
to test fragility.

« Functional Testing: Confirms the software’s functional
requirements from an end-user perspective. Tools like
Selenium and Cypress automate critical path validations,
ensuring robustness before staging deployments.

o Performance Testing: Assesses scalability,
responsiveness, and stability under varied loads using
tools like Apache JMeter, LoadRunner, and LoadNinja.
Regular automated tests embedded into CI/CD pipelines
ensure sustained application performance and rapid
deployment cycles.

o Regression Testing: Detects unintended side effects of
code changes by re-running previous test cases.
Automation in regression testing aligns with CI/CD’s
pace, maintaining software stability across frequent
releases.

Additionally, the integration of continuous security testing,
such as dynamic application security scanning and API
vulnerability assessments, strengthens pipeline security and
product quality throughout development.

6. Security Considerations in CI/CD

Security is integral to CI/CD pipelines, which automate code

integration, testing, and delivery. Without strong controls,

centralized pipelines become attractive targets for

cyberattacks. Integrating security from the outset aligns with

DevSecOps principles, embedding practices like automated

vulnerability scanning, secure coding, and strict access

controls across the pipeline.

Effective CI/CD security strategies:

o ldentify vulnerabilities early through automated tests.

e Protect against threats introduced via third-party
components.

«  Ensure compliance with industry standards.

e Minimize risks without slowing down software delivery.

Real-world incidents, such as the CircleCl third-party vendor
breach, highlight the critical need for proactive security—
leading to changes like enforced two-factor authentication
(2FA) and enhanced system monitoring. Strengthening
CI/CD security not only reduces organizational risk but also
ensures reliable and trusted software delivery in a fast-paced
environment.

7. Al Powdered CI/CD

Traditional CI/CD monitoring mainly tracks pipeline stages,
collecting logs and metrics to alert developers of failures.

Volume 14 Issue 4, April 2025
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal
WWW.ijsr.net

Paper |D: SR25427081451

DOI: https://dx.doi.org/10.21275/SR25427081451

2432


http://www.ijsr.net/

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

However, it lacks deeper diagnostic capabilities, making root-
cause identification slow and inefficient, especially in
complex, distributed systems. As pipelines scale, traditional
methods struggle with rigidity and limited adaptability.

Al-based monitoring addresses these gaps by detecting
anomalies, predicting performance issues, and offering

proactive insights. Machine learning models can correlate
data across stages, identify hidden patterns, and optimize
resource usage. Integrating Al into CI/CD not only improves
efficiency but also enhances reliability and resilience. This
shift, including practices like MLOps, ensures smarter,
adaptive pipeline management for future-ready DevOps
ecosystems.
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Figure 5: Al Application in DevOps [55]

The study developed an MLOps architecture to automate and
manage ML models efficiently, enhancing collaboration and
system stability. It highlighted the importance of frequent
model updates and retraining as new data emerges. A cloud-
integrated ML pipeline was proposed, allowing dynamic
updates without retraining the model from scratch, ensuring
reliability. To address challenges in real-time data
environments, a distributed MLOps architecture was
introduced, using containerized microservices and model
versioning  strategies. Testing demonstrated scalable
inference and quick model updates without loss of accuracy.

Building on CI/CD principles, three levels of MLOps
automation were discussed, with Level 3 recommended for
enterprise-grade systems. Additionally, Al was integrated
into DevOps pipelines, improving deployment speed by up to
60%, reducing system failures by 45%, and optimizing
resource use.The Multi-Container Monitoring (MCM) model
further improved MLOps scalability and observability by
leveraging BiLSTM and SARSA models, resulting in faster
deployment cycles and reduced build durations. Lastly, the
study introduced Al-driven anomaly detection to secure
CI/CD pipelines. Using CNN and LSTM networks, over 98%
accuracy was achieved in detecting network anomalies.
Integrating Al into continuous testing enhanced early defect
detection, improving overall software quality and delivery
speed.

8. Findings of the Work

The findings of the survey have stated that the integration of
Al approaches in the CI/CD process can be explored further,
as it presents significant opportunities for enhancing
automation, improving predictive analytics for deployment
success, and optimizing resource allocation within
development pipelines. Specifically, Al can facilitate smarter
testing strategies by identifying high-risk areas of code that
require more rigorous testing, thereby reducing the overall
time spent on manual testing efforts. Additionally, Al-driven
monitoring tools can provide real-time insights into
application performance and potential vulnerabilities,

enabling teams to proactively address issues before they
escalate. Furthermore, leveraging ML algorithms can
enhance decision-making processes in deployment strategies,
allowing for more adaptive and resilient CI/CD workflows
that can respond dynamically to changing conditions and user
feedback. Overall, the integration of Al into CI/CD not only
streamlines operations but also fosters a culture of continuous
improvement and innovation within software development
teams.

9. Limitations and Future Recommendation

i) Challenges shifting from traditional CI to Al drive CI

comes with several challenges

« Integration into Existing Systems: It is difficult to
incorporate Al into an already developed CI tool chain.
There must ensure that the Al integration will not disturb
the existing tools working processes supporting the
Alternate Tool

o Expense: Al tools may be costly for purchase or for
integrating into the organization as the may require
additional hardware. The second consideration that should
be applied for the organization is return on investment
(ROI) to understand is the value of the tool's usage or the
value that's defined in the organizations tool cost, thus
yielding a better ROI

« Tool Maturity: The majority of Al tools being offered for
use in DevOps have limited iterations of development,
thus there are unproven as permanent fixes. Organizations
have to evaluate the degree of maturity the tool and for all
of the testing tools, confirm its functionality through the
previous factors.

« Dependence on Al: The use of Al in Cl activities can lead
to over-reliance on that methodology. As an especially
unknowing user, could lead to mistakes and catastrophic
incorrect interpretation. Al requires some manner of
control from human behaviors or at minimum continuous
human monitoring.

« Skills and Understanding: The use of Al requires some
degree of understanding how it can work and benefits or
disadvantages of its use. An organization has to ensure

Volume 14 Issue 4, April 2025
Fully Refereed | Open Access | Double Blind Peer Reviewed Journal

WWW.ijsr.net

Paper |D: SR25427081451

DOI: https://dx.doi.org/10.21275/SR25427081451 2433


http://www.ijsr.net/

International Journal of Science and Research (1JSR)
ISSN: 2319-7064
Impact Factor 2024: 7.101

their organization and teams have proper training for use
of Al and analysis of those results provided from the tools.

ii) Challenges shifting from traditional CI to Al drive CD

comes with several challenges

o Limited Understanding of Technologies Capabilities:
Many personnel underestimate or misunderstand
advanced technologies, fearing job displacement.
Organizations should provide regular training and
workshops to highlight how these technologies enhance
human efforts, fostering collaboration.

« Complexity in system Integration: Integrating new tools
with existing infrastructure can be technically challenging
and risky. Companies should prioritize solutions designed
for seamless integration and consider expert support to
ensure stability.

o Financial Implications of Training and Tools:
Advanced technology adoption can be costly, especially
with added training expenses. A thorough cost-benefit
analysis and phased implementation strategy can help
balance functionality and affordability.

« Dependence on External Vendors: Reliance on third-
party vendors poses risks if support is inconsistent.
Organizations should evaluate vendor reliability carefully
and establish contingency plans to mitigate risks.

10. Conclusion

DevOps revolutionized software development by promoting
collaboration, automation, and continuous improvement
between development and operations teams. The integration
of CI/CD practices enables rapid delivery cycles without
compromising quality or security. This survey reviewed the
fundamentals, tools, testing techniques, and security practices
in CI/CD processes, with a strong focus on Al integration.
Special attention was given to MLOps, showcasing how
machine learning techniques enhance deployment efficiency.

Case studies from organizations like EPAM, Varidesk, and
Tricon Infotech illustrated real-world applications,
highlighting challenges, solutions, and outcomes of Al-driven
CI/CD practices. The survey serves multiple stakeholders—
from DevOps practitioners and developers to project
managers, executives, and machine learning engineers—by
offering insights into streamlining workflows, enhancing
code quality, optimizing project outcomes, and making
strategic business decisions. By summarizing research and
case studies, this review provides a practical guide for
adopting and improving Al-enabled DevOps strategies in an
increasingly digital landscape.
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