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Abstract—

This paper describes the establishment of a Continuous Integration
and Continuous Deployment (CI/CD) system, specifically developed
for applications that are based on microservices architecture (MSA).
It supports the process of software development and deployment by
allowing us to fully automate the development, test, and release
pipelines. Consequently, this approach adopts several contemporary
tools such as Jenkins, GitHub, Docker, and Kubernetes for pipeline
design and orchestration of the containerized services, while
introducing a few automated testing frameworks to back those
services. The article also describes deployment strategies such as blue-
green and canary deployments, that are meant to limit the downtime
of deployments and minimize reliability risk. More significantly, the
article also supports monitoring techniques (deployment) by use of
capturing systems through like Prometheus and Grafana, that can
inform and recover the failure within deployments and the services
that were affected. The establishment of the proposed CI/CD system
aims to improve the scalability of the microservices deployment, limit
the downtime of deployment, and improve the efficiency and
reliability of microservices applications. The article also highlights the
relevance of the CI/CD system for software consistency and reaffirms
the value of adopting Continuous Integration and Deployment systems
for modern-day applications. The paper provides a outline to achieve
its goal and make the transition to build systems based on
microservices more familiar.

1. INTRODUCTION

In today’s fast-growing software development, the trend
towards microservices architecture has grown due to
scalability, flexibility and modularity. Organizations across
every industry are leaving behind an antiquated view of
deploying immutable monolithic applications in favor of
microservices. There are some unique advantages to the
microservices paradigm with respect to achieving modularity,
better scalability, flexibility and fault error tolerance.
Microservices decomposition allows applications to be broken
into smaller, independently deployable services allowing
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concurrent developers to better move at the speed of the
development cycle and innovate. However, with in increasing
system size and even increasing system complexity,complex
management and increasing potential for human errors. it is
pertinent to manage complexity to mitigate delays in development
and run time and impacts to software quality.

Given these challenges, this project will describe the design and
implementation of a Continuous Integration and Continuous
Delivery (CI/CD) system for applications based on microservices
architecture. The goal of the project will be to automate the entire
software development lifecycle from code integration and testing
to deployment and monitoring, to enable a business to accelerate
deployment opportunities, reduce downtime, offer reliability in
software, and provide greater focus on high-value activities
(Hohpe, 2003). By automating the CI/CD pipeline in complete,
whenever a new change to the code is made it will be
automatically built, tested, and deployed into a global ecosystem
of microservices with very little manual input and less risk, with
a better quality of releases in the hands of end-users.
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Fig. 1. A visual Representation of CI/CD Pipeline integrated with Microservice
Architecture
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Further, CI/CD pipelines can be extensive and define a potential
suite of deployment methodologies (including blue-green
deployment and canary deployment, among others), which can
help reduce potential downtime risk when we deploy updates,
since we can manage our rollouts and roll back if we do
experience a challenge. These methodologies are particularly
advantageous when we are developing for zero-downtime
deploys, since we are looking to achieve the most seamless user
experience.

The other significant advantage of using CI/CD frameworks
with microservices is that it can offer and ultimately promote
development flexibility & operational resiliency, as we develop
with a continuous improvement approach! They have shorter
feedback loops, quality assurance improvements, and greater
independence from other team's interdependence! Overall, this
project is a 360 vision of the future of software development and
deployment, which pursues the high stakes path of developing
modern scalable applications while being sensitive to staff,
client and business operations across a microservice ecosystem.

ITIRELATED WORK

Ahmad Alnafessah, Alim Ul Gias, Runan Wang, Lulai Zhu,
Giuliano Casale, and Antonio Filieri [1] surveys research on
integrating quality assurance into DevOps, categorizing studies
across the DevOps lifecycle, including CI/CD, IaC, testing, and
runtime management. It highlights the fragmented nature of
current approaches and calls for more holistic quality
engineering. Emerging trends like Al in DevOps and DevOps
for Al-driven systems are also explored as future research
directions.

Nasreen Azad, Sami Hyrynsalmi, and Matti Méantymaki [2]
conducted study C of CSFs in adopting DevOps using surveys
with 72 practitioners. The authors summarized CSFs that were
intra-organizational collaboration; automation toolsets; and
organizational hierarchy. The study found communication and
collaboration between teams to be important success factors.
Automation was identified as essential to execute and develop
DevOps environment. These findings have implications for our
premise for including automation, plus team coordination, in
microservices based CI/CD.

Zhang and Zhang (2023) [3] proposed a suite of twelve
quantitative ~ DevSecOps  metrics  for  cloud-based
microservices. Their framework enables CI/CD by assessing
development, integration, and post-deployment stages. The
project uses current SDLC practices and the COCOMO 11
model for cost and quality estimation. The work supports our
own objective of developing a secure and efficient CI/CD
pipeline for scalable microservices and emphasizes the
importance of establishing automated deployments that include
security and performance metrics.

Examining & Exploring DevOps: [7] A Tertiarial Study
performed a systematic analysis over the systematic review
of secondary studies on DevOps and pointed out
inconsistencies in terminology between the studies. The
authors identified seven areas of main research, e.g.,
DevOps features and practices, and all did not have well
defined definitions, particularly the phases of adoption.
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The work of Alnafessah et al. [4] investigated quality assurance
within the entire DevOps lifecycle, including CI/CD,
Infrastructure as Code (IaC), testing and runtime activities. Their
review article found that quality assurance approaches are mostly
disconnected and not integrated with a holistic approach towards
quality engineering. They argue for solutions to integrate quality
engineering approaches to improve the effectiveness of DevOps.
Their paper also identifies future directions such as Al-based
DevOps and DevOps for Al-based systems where our intention
would be to create an integrated quality aware CI/CD.

Yang et al. [5] proposed an adaptive reward computation
mechanism based on Reinforcement Learning (RL) for test case
prioritization in Continuous Integration (CI) with dynamic sliding
windows (DSWs), which greatly improved fault detection metrics
like NAPFD and Recall. This model optimizes test execution and
fault coverage in CI/CD environments, improving overall CI/CD
efficiency. The practical application of this model for industry
software fits well with the trend of microservices-based CI/CD
delivery workflows. It fits the bigger picture of performance
optimization and automation in pipeline deployments.

Kazemi Arani et al. [6] did a systematic literature review of the
application of learning-based techniques like machine learning to
automate CI tasks. They found a total of 52 studies in their review
and discussed significant components of the CI process like data
preparation, model building, and evaluation, as well as listed the
CI tasks that could benefit from the automation process. Also,
they discussed difficulties and future work opportunities applying
learning-based approaches on CI work and offered many valuable
aspects for enhancing CI/CD pipelines especially in microservices
environment.

This study intends to reduce these inconsistencies and provide
cleaner definitions for both researchers and practitioners, which
represents a purpose in understanding and implementing DevOps
practices in microservices architecture.

Sanjeetha and colleagues [8] researched the relationship between
DevOps practices and business-IT alignment in small medium-
sized enterprises (SMES). They found that in continuous
integration, which is arguably one of the most important DevOps
IT functions by enhancing the exchanges of information and
application integration. This research also illustrates the benefits
of working together between unit bounderism which is essential
when creating effective Continuous Integration and Deployment
(CI/CD) pipelines in microservices.
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III. LITERATURE SURVEY

CI/CD systems are now foundational in software systems,
especially due to the increase in microservice use. Traditional
CI/CD were designed for monolithic applications, where the
monolithic application was built as a entire unit, tested as a
unit, and was deployed as a unit. Here is where their
limitations were exposed; problems with scaling, problems
with testing, and problems with recovery from failure. With
microservices, the application is decoupled and put together
into smaller independent services that can be built, tested, and
deployed independently. This change in architecture has also
changed CI/CD pipelines.

Numerous research articles and practices in the industry have
noted the need for decentralized, independent, and parallel
pipelines for each separate microservice. Martin Fowler's
works on continuous integration, part V, suggests the most
powerful benefit of Continuous Integration is in the ability to
dramatically reduce the problems associated with integrating
code, and therefore increase the development cycle time. Sam
Newman's book on "Building Microservices," noted
independent deployments and automated delivery pipelines
allow for more independence and reduced dependency
between teams, and hence faster and safer deployments. New
practices surrounding Microservices introduce new
challenges that were not often repeated with monolithic
applications; service dependencies, consistent environments,
and ensuring our tests include all necessary tests, including
not just deep tests but contract and integration tests. Tools,
such as Jenkins X, GitHub Actions, Docker, Kubernetes, and
Helm have been designed to address the challenges of CI/CD
pipelines and microservices by containerizing builds and
orchestrating deployments.

Recent surveys and research papers such as Soldani et al.
(2018) categorized these developments as an essential step for
improving the flexibility and scalability of software systems.
Automated rolling back, Blue-Green deployments and
Canary releases are now standard procedures in production
CI/CD workflows for microservices. They provide increased
reliability and guarantee for all systems during deployment
even while deploying code into production. The reports from
DORA (DevOps Research & Assessment) indicate that
organizations with microservice-based CI/CD have better
software delivery performance ratios, including higher
deployment frequency, shorter lead time for changes, and
lower change failure rates.

Overall, the literature is conclusive that the integration of
CI/CD systems and microservices for software delivery is the
norm in modern software delivery. CI/CD systems provide
automation of repetitive tasks which helps eliminate human
error and incurs less effort than traditional methods. They
provide scalability and a faster cycle of innovation. The
emergence of CI/CD systems will continue as an integral part
of supporting the development of cloud-native applications in
dynamic environments.

© 2025, IJSREM | https://ijsrem.com

IV. METHODOLOGY

The process consists of a sequence of steps followed during the
project, from front end to backend implementing the DevOps to
the Project fig [2]

Frontend (JSP)
( API| Gateway )
L (Zuul) )

[ User Service J [Approval ServiceJ

* Own DBS * Owm DB
* Developec Svc * Exposes ISPI
* Rest API

CI/CD Pipeline
Git + Jenkins + Docker

Containerized Deploy
(Docker Compose/K8s)

Containerized Deploy

Fig 2: System Architecture

To begin with the development, we began first with the front end
and development of the application, specifically using React.js.
We chose React because of its component-based architecture,
resource performance, and ability to manage interactive and
dynamic interfaces efficiently. During the front-end development
phase, we made sure that the user experience was seamless and
intuitive and met the requirements of the project. Once the front
end was finished development, our next phase was back-end
development of the application. During back-end development
we used microservices architecture. Rather than building back-
end as a broader all-in-one monolithic back-end project we
developed several independent modular services, where each
module managed unique functionality. This way of decomposing
the application allowed for easier scaling, easier maintenance,
and deploying services independent of other services.

Once the core modules had been created, we were able to turn our
attention to DevOps, which covered the entire development,
testing, deployment and operationalization process. The first step
was to incorporate Git in a version control system in which at each
feature creation we developed in isolated branches,
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subsequently merging them together as part of the code review.
We maintained, for our collaboration as well as tracking
versioning and the ability to roll back, if necessary, a remote
repository

Once we were effectively managing our version control, we
progressed to automate infrastructure including Terraform.
Using Infrastructure as code (IaC) we can provision Amazon
Web Services (AWS) cloud resources. Using Terraform
enables us to provision infrastructure in a reproduceable,
scalable, and error-free manner while also maintaining source
documentation for updates.

Next in the stack is the final layer is Ansible which is a server
configuration utility. Ansible uses configuration defined in
playbooks to automate installations of software packages, say
for a LAMP environment (Linux, MySQL and PHP),
environment configurations, configurations for services (e.g.
web servers). Now that we were using Ansible for
configuration

Next, we integrate Jenkins for Continuous Integration and
because if we had done any updates with the help of Jenkins a
CI/CD tool for Microservices is very helpful for the huge or big
projects now-a-days. When we used Jenkins (our automation
server) to provide orchestration to our CI/CD pipeline, we
achieved real DevOps maturity. We configured Jenkins as our
automation server so that we could build, test, and deploy our
application every time we committed code to the repository.
With Jenkins pipelines, we were able to automatically run unit
tests and integration tests every time we committed code,
thereby providing fast feedback to developers to help them find
potential problems. The fast feedback and ability to
subsequently feedback from production completed the
feedback loop and reduced the risk of development. We were
able to increase the quality of our software features while
delivering them faster.

Step by Step Methodology:
1. Front-End Development

The front end of the application was built with React.js, due to
its component-based architecture, efficient rendering, and
ability to manage dynamic interfaces easily. As we built out
features, we focused on creating a seamless, intuitive user
experience that fulfilled the requirements of the project. The
performance benchmarks in the front end included average
page load time (~1.2s) and response time for interactive
elements (~200ms) under a typical user load.

2. Back-End Development

The back end of the application was created using a
microservices architecture, allowing us to break down the
application in small, independent, modular services that each
handle a single functionality. The microservices approach
allows for better scalability, easier maintainability, and
independent deployment of services. The performance
benchmark for the back end included average API response
time (~150ms) and average error rates (<1%) under 200
concurrent requests.

3. Version Control and Collaboration

We chose to use Git for version control and used feature branch
approach and merged workflows to manage collaborative
development efficiently. This supported version control, and
enabled code reviews for others using pull requests, and allowed
rolling-back in case of an issue.

4. Infrastructure Automation

We automated infrastructure provisioning using Terraform and the
principles of Infrastructure as Code (IaC) to provision cloud
resources reproducibly and at scale. Terraform allowed us to
automate and document all changes, minimizing manual errors.
Performance benchmarks for provisioning infrastructure were time
(~5 minutes per environment), and repeatability on success rate
(100%) across multiple test environments.

5. Configuration Management

We automated server/environment configurations using Ansible,
which updated server configurations with a series of tagged
playbooks for basic software installation, service configurations,
environment setups. Automating setup time, finally, promoted
consistency across all environments.

6. Continuous Integration and Deployment (CI/CD)

We implemented CI/CD as a solution to build, test, and deploy
every time we committed code using Jenkins. Jenkins enabled unit
and integration tests using pipelines for immediate feedback and
automation from development into production. Additional
performance benchmarks included average build-time (~10 minutes
per commit), test pass rate (98%), roll-back (<2 minutes) if a
deployment failed.

7. Monitoring and Feedback

The application was constantly monitored with the help of
Prometheus and Grafana, which allowed users to see system
performance, error rates, and service health in real-time. The
monitored metrics and benchmarks showed the mean time to detect
(MTTD =1 minute) and mean time to recovery (MTTR =5 minutes),
which not only demonstrated reliability and dependability but also
demonstrated responsiveness in the system.

Performance Benchmarks Table:
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IVRESULTS AND DISCUSSION

This section describes the result of implementing the CI/CD
pipeline built for microservice architecture. The evaluation
framework focused on five main areas of evaluation:
automation and integration, deployment and testing across
services, individual scalability, resilience of the system, and the
reduction of the deployment timeframe.

One of the primary outcomes from the implementation was
the average deployment time per microservice, which
resulted in a 60% improvement to traditional monolithic
deployment. This performance benefit came entirely from
the automation of the CI/CD pipelines allowing for an
automated build, test, and deploy processes without the
long delays associated with monolithic deployments.
Architecture also allowed the team to develop, test and
deploy each microservice independently allowing for
parallel development and testing, allowing the team to do
away with the obligations of deployment order that occur
in a monolithic architecture.

Another critical feature of the CI/CD implementation that
was evaluated was the automated rollback if a deployment
failed. This was vital for production deployments as it
ensured the system remained consistent and continued
running without disruption. The rollback tested in the
implemented CI/CD pipeline returned failed deployments
successfully to the previous stable state without relying on
developers to manually rollback a deployment.
Developers, users, or other microservices did not need to
start and stop connections and leads of communicating
microservices,  thereby  considerably  decreasing
conflicting information conveyed to consumers.
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Fig 3: Results obtained from research
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As well as performance and durability, the CI/CD system
delivered better reliability and maintainability. Resulting from
services being deployed in isolation, development teams could
frequently deploy changes and receive immediate feedback
through the predecessors of test automation pipelines. As a result,
shorter iteration cycles, better bug detection and overall code
quality, as well as continuous delivery with non-concern were
noted, which reduced the emphasis on manual quality assurance.
Finally, integrating pipeline monitoring meant easy visibility into
deployment timing, test coverage and pipeline health to have a
better grasp of operational excellence, and interruptions both
from bottlenecks, and on ensuring all development was in
compliance with the coding standards of the organization.

Impact of Microservices on CI/CD Efficiency:

The CI/CD pipeline within our environment was purpose-built to
accommodate microservices architecture, allowing us to develop,
deploy and maintain each service independently. The distinction
between microservices provides us with the capability to map
each microservice to a distinct CI/CD pipeline, which yielded a
few operational and efficiency benefits. One of the most
prominent benefits was scalability; when new services were
added, regardless of the number, the speed of deployment was
constant because the pipelines were independent from each other.
This removed the common bottleneck seen in monolithic
deployments, where one slow service delayed the downstream
services. Moreover, having some pipelines independent from
each other, with entirely separate commit histories, allowed teams
to work in parallel developments with little interference from
other teams, effectively reducing individual development cycles
and being able to rely on those boundaries. Developers could push
changes, have an automated suite of unit and integration tests and
get very quick feedback and can push the service again with
confidence before deploying it to production. This reduction of
waiting and immediate with/errors can be, reduce overall quality
and health and compliance risks. In the end, the microservice
pipeline brought quicker, safer, and more streamlined delivery to
software delivery through CI/CD pipelines, demonstrating how
the architecture can create direct efficiencies and outcomes across
pipelines.
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Fig 4: Working Structure of Feedback loops
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Pipeline Architecture and Test Coverage:

The architecture of the CI/CD pipeline was organized into
several stages; build, test, deploy, and monitor. Each stage was
intended to work with microservices and a set of
responsibilities:

e We planned our CI/CD pipeline to be strong,
automated, and dependable for delivering quality
software. Our CI/CD pipeline was based on a linear
flow consisting of Build, Test, Deploy, and Monitor,
which ensured we had the microservices framework
to maintain consistency, performance, and quality
through the lifetime of each deployment.

o Inthe Build stage, we created separate Docker images
for each microservice. Each of the images contained
the service code plus the dependencies, environment
variables, and runtime libraries. By containerizing the
microservices, we were able to achieve a consistent
environment (dev, staging, production), which
reduced environment related bugs, allowing
deployments to be much more predictable and
repeatable.

e  After a successful build, the Test stage would trigger
automatically. During testing, we checked individual
unit tests to ascertain the correctness of each of the
services' core logic. We also ran integration tests to
check communication between the services. Jenkins
was extremely important here, as it handled the
running of the tests as part of our CI pipeline. We also
monitored test coverage thresholds during this stage,
so that we ensured each microservices had a minimum
level of coverage. Any drop was flagged to prompt
developers to maintain a specific level of code quality
and reliability.

After testing was completed, the pipeline would move to
the Deploy stage. Using Ansible, we were able to statically
define our deployments to target environments as code. It
allowed us to have similar functionality as our build and
test behavior, while maintaining the speed needed to
deploy the many successful builds, on a weekly basis.
After all we are able to achieve CI/CD pipeline
implementation using above four phases - Build, Test,
Deploy, and Monitor - we were able to improve efficiency,
reduce human errors, and allow for an increasing and
reliable, available, and secure software system.
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Fig 5: How CI/CD Pipelines Work

V COMPARISON WITH EXISTING WORK
Comparison of Manual vs Automated Deployments:

Traditional CI/CD pipelines for microservices typically rely on a
container orchestration platform (e.g., Kubernetes) and a
monitoring stack (e.g., Prometheus and Grafana). These tools are
effective but sometimes create complexity that outweighs the
benefit for smaller, focused teams or projects with tighter
development cycles.

In this regard, our CI/CD pipeline was built to be lightweight,
modular, and straightforward with standard and widely accessible
tools such as Jenkins, Ansible, Terraform, and AWS. We were
able to automate build, test, and deployment workflows in a
reasonable amount of time without the additional support or cost
of deploying a full-scale DevOps ecosystem. We threw out any
form of complexity and made serious decisions around simplicity,
rapid delivery, and maintainability which helped us to deliver
faster and with less deployment failures. For example, when we
compare the manual deployment process, which took an average
deployment cycle of about 1 hour and was extremely error-prone
to the automated pipeline that performed almost immediately and
took less than 20 minutes and relied almost entirely on automated
deployment, we reduced the deployment time significantly and
minimized human error to almost nothing. This new process
allowed for less downtime and greater reliability and consistency
of deployed artifacts, while also providing us with a solution to
simply rollback if necessary and ensured that our deployment was

an improvement in environmental parity. Overall, our principles
allowed us to reap all the benefits of automation without being
bound by a particular tool. Different teams will have different
ways of creating their own balance, but ours allows us to be united
under what worked for us as a cohesive team without disturbing
our productivity with unnecessary operational complexities and
still achieve a good level of CI/CD velocity and scale.
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Fig 6: Comparison of Existing with DevOps

VI FUTURE ENHANCEMENTS

e Integration with Advanced Orchestration Tools: While
the current prototype touches on aspects of automated
deployment and microservices architecture, one area of
improvement would be to integrate the environment with
container orchestration tools, such as Kubernetes. If the
environment were eventually integrated with Kubernetes,
it would allow for auto-scaling, self-healing, and more
robust service discovery; additionally, it would allow our
microservices to scale automatically based on demand,
rather than having to scale manually.

e Enhanced Security within the CI/CD Pipeline: Seeing as
security is an important aspect of modern software
deployment, we have the intention to have security
verifications performed at every step of the CI/CD
pipeline. We would want to include automated
vulnerability scanning, secrets management, and
compliance testing on build and deploy. By integrating
security checks from tools like Snyk, OWASP ZAP, or
SonarQube within the pipeline, we can ensure that
vulnerabilities are detected at early stages of the
development process and as a result improving the overall
security of our system.

e Advanced Rollback Mechanisms: As far as the pipeline
is concerned, we currently have rudimentary rollback
mechanisms. Therefore, Delta's forward-looking work
will detail how potentially to move to 'zero-downtime'
rollback capabilities, possibly using Blue-Green or
Canary deployments. This way, if for some reason the
deployment failed, it can be easily rolled back with
minimal impacts on the user experience providing a
smoother and more resilient process.

e  Optimize Build Times with Parallelism and Caching: One
of our next objectives to improve the efficiency of the
pipeline is to implement parallel builds and caching. By
implementing parallel builds, we should be able to
parallelize independent builds and cache build artifacts
from previous builds, which would allow us to
dramatically speed up the overall build time and add more
efficiency to our pipeline.

e Automate Configuration Management: As the
project continues to grow, we will implement
automated configuration management tools such as
Ansible, Chef or Puppet. These tools will help
manage the configuration of the infrastructure across
different environments and ensure consistency

across environments new automated
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configuration management will help ensure that development,

staging, and production environments maintain

consistency, while also reducing the chances of configuration
drift.

e Feedback-Driven Development (FDD): An awesome future
enhancement would be to create a feedback-driven
development loop, where real-time data from the production
environment goes back into the CI/CD pipeline. This would
allow for automated configuration changes, deploying
improvements, and bug fixing based on what we receive
from the production environment, improving the agility and
responsiveness of the development team.

VII CONCLUSION

This paper has developed a consistent and automated CI/CD
pipeline for deploying microservices. We adopted containers
within Docker, built our repositories with Git, managed our
infrastructure with Ansible and Terraform in order to better
simplify the software delivery lifecycle; this will make for
improved efficiency, decreased time to delivery, and fewer errors
in the process of application development and software delivery.
Building our testing and deployment around an automated means
of deployment aided us in producing high level software and
maintained shorter feedback loops which improved our
development cycles.

Adopting microservices architecture provided us with scalability
and controlled flexibility, allowing for the independence of our
services while improving our system’s performance. Automation
of the CI/CD pipeline connected to multiple deployment
mechanisms (Git, Terraform, Ansible, and Jenkins) allowed us to
provide a consistent, automatic workflow for our deployments
thus improving reliability.

By testing our CI/CD pipeline against the processes of our
previous deployment process we outlined the improvements we
had achieved against traditional methods and ancient speed
reducers. On average, our period of deployment for manual
methods took 1 hour to complete each deployment. The CI/CD
pipeline with an optimized automated system allowed us to
decrease the overall delivery period to 20 minutes to first
deployment. In terms of valuation for speed, delivery efficiency
and decreased volume of error, our study clearly shows the
benefits of an automated deployment system. Management will
address issues faced with the first deployment. The case for
CI/CD systems in the Microservices spaZce is strong enough that
they should not be overlooked as part of any modern-day software
development lifecycle.
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demonstrated how DevOps practice with CI/CD can deliver
software faster, more consistently, and more reliably with
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not only improves software releases/updates, but it also lessens
human error and improves organizational productivity. Future
improvements include additional monitoring tools, rollback
strategies, and further exploration of using Al to optimize
deployment strategies.
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