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Abstract

This study focuses on methods to improve the speed of Continuous Integration and Continuous Delivery (CI/CD)
systems. Using a secondary qualitative approach, the study looks at code refactoring, modular programming, task
parallelism, and caching. The themes discover the reasons these approaches benefit build efficiency, testing
performance, and dependable deployment. It describes actual examples and finds a lack of standardised structures
in practice. Drawn from interpretivist philosophy, this research gives a clearer view of code-related boosts in
CI/CD and forms the base for future intelligent, automated studies of software delivery.
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L. INTRODUCTION

In this fast software development and frequent deployment era, Continuous Integration and Continuous
Delivery (CI/CD) play a vital role in ensuring faster release cycles. It is important to increase the quality of the
code, and everyone works together productively in their development team. The growing use of CI/CD by
organisations means that optimising code and system performance is now more necessary than ever. Enhancing
CI/CD code optimization brings better software quality and less resource use, faster builds, and less time spent
with the system down. Stronger and larger applications arise from these improvements and, in turn, offer more
value to users and stakeholders.

This research studies several methods for optimising code used in CI/CD environments. It investigates the
use of performance optimizations, parallel processing, caching, and automated testing to make development
processes faster. The study works to identify usual difficulties and provide best practices for teams to achieve a
shorter feedback cycle and dependable launches. More importantly, the study checks whether these techniques
affect on quick delivery of packages, whether the system is stable, and the overall amount needed for maintenance.
This beginning helps prepare us to look in depth at literature, approach methods, use of actual data, and what lies
ahead for CI/CD.

Aim

To investigate and evaluate code optimization techniques that enhance the performance and efficiency
of Continuous Integration and Continuous Delivery (CI/CD) systems in modern software development
environments.

Objectives

e To examine current challenges and bottlenecks in CI/CD pipelines related to code performance.

e To analyze and compare various code optimization techniques applicable to CI/CD systems.

e To assess the impact of optimization strategies on build time, deployment frequency, and system reliability.
e To propose a set of best practices for integrating code optimization into CI/CD workflows.

Research Question

e  What are the common performance bottlenecks in existing CI/CD pipelines?

e How do different code optimization techniques influence CI/CD pipeline efficiency?

e What measurable improvements can be observed in build and deployment processes after implementing
optimization strategies?

e  What best practices can development teams adopt to ensure ongoing optimization within CI/CD workflows?

Research Rationals

Today, CI/CD systems are important because they reduce the manual effort involved in testing,
assembling, and releasing software code. While these methods increase team productivity and shorten getting
things done, they are often inefficient because of programming errors, time needed for builds, and frequent errors
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in combining changes [1]. Any slowdown in CI/CD pipelines as an organisation grows can cause major waste of
resources and higher operating costs.

Although many organisations use CI/CD, which specifically looks at improving code within these automatic
processes. Most of the current research concentrates on improving software infrastructure, whereas little is done
to look at developers who can update code, use parallel processing, set up caching tools, or automate tests. The
research looks into useful and efficient ways to optimise code that fits right into CI/CD pipelines to address this
issue. Using these techniques leads to more responsive systems, have less downtime, and maintain their high
quality during real-time deliveries [2]. The study aims to provide valuable suggestions that enhance the
dependability and speed of CI/CD tasks, enabling projects to progress more efficiently and effectively.

II. LITERATURE REVIEW

Importance of Continuous Integration and Continuous Delivery (CI/CD) Systems
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Figure 1: Continuous Integration and Continuous Delivery System

Most software companies use Continuous Integration and Continuous Delivery (CI/CD) during software
development. The goal here is to make the process of combining new code, testing it, and releasing the software
to production much more efficient. Continuous Integration involves joining different changes to the code into a
single repository many times a day. Continuous Delivery takes care of running the tests and getting the integrated
code ready for delivery, making it faster for users to access what has been coded [3]. CI/CD integration is now a
key part of agile and DevOps practices. It makes it possible for teams to release their software fast and accurately
due to the quick detection of integration challenges. The more complex and large CI/CD environments get, the
more clearly performance problems occur. Often, stags in the development process occur because the code has
not been optimised, the test suites are inefficient, and the pipelines are not set up correctly.

Performance Bottlenecks in CI/CD Pipelines

Stages in a CI/CD pipeline are code compilation, testing, packaging, and deployment. Each stage presents
unique performance challenges. Usually, redundant or unnecessary code causes issues with the code being built
many times. A build process can be slowed by issues in dependency management and excessive code. Another
major issue is the overuse of integration tests [4]. Although having tests is vital, too many or poorly planned tests
can make the pipeline take longer. Data is not well managed, and running in parallel is not used. Delays often
occur in testing because tests are sometimes redundant. Also, unclear code that takes a lot of system resources
may result in tested code failing, pipeline failures, or potentially unstable software releases.

Code Optimization Techniques

Some solutions have been suggested to handle the issues these systems experience during CI/CD. An
effective way is to refactor the code to make it easier to read, repair, and run well. Refactoring can allow to
elimination of bad practices, reduce repeating code, and improve algorithms, which makes builds and tests execute
more quickly [5]. A further approach is to split up a large codebase into many smaller, workable modules. This
means developers can focus their energy, which helps them finish integration much faster. Microservices
architecture makes it possible to separate and control each service, giving every service its own development,
testing, and deployment options. Before inefficient code patterns are introduced into the pipeline, linting and static
analysis help to find them first. They can automatically detect performance problems, ensure the code follows
guidelines, and lower the chance of bugs. When these tools are used in the CI/CD process, quality checks for the
code are included every time code is built.

Parallelization and Pipeline Optimization

Parallelization strongly reduces the time it takes for CI/CD processes to be executed. Pipelines perform
much better when tasks can run at the same time instead of having to finish one before starting another. According
to [6], all these tasks, unit testing, code analysis, and document generation, can occur at the same time, without
interfering with each other. Using tools like Jenkins, GitHub Actions, GitLab CI, and CircleCl, it is now much
easier to use the bimodal strategy.
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Pipeline optimization also covers using conditional execution to only go through the needed pipeline
stages for a given kind of change. In practice, a documentation update does not call for a complete build and test
process. Resources are only put to use on essential procedures because of these intelligent pipelines. Additionally,
caching mechanisms significantly enhance pipeline efficiency. When caching, previous build artefacts or
dependency packages are held, so resources are not downloaded or compiled again. CI/CD can run more
efficiently by using them in workflows because tools like Docker and Bazel work with caching.

Test Optimization Strategies

Testing in a CI/CD pipeline takes up a lot of time. Fast and reliable deliveries depend on properly
optimised test processes. Using test impact analysis, the tests that matter to the latest code modifications are chosen
and executed, which helps to significantly cut down on test suite runtime [7]. Test data management also plays a
key role. Reusable and scalable test data can keep all the tests working the same way by having clean data. By
mocking and stubbing, programmers can separate the system under test from external services to increase its
speed. Running tests in containers and virtual environments permits the parallel use of the same test cases. This
approach reduces interference between tests and improves reliability. Also, watching out for unstable tests and
automating their maintenance support pipeline stability, and stopping undesired delays.

Tool Integration and Automation
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Figure 2: Trunk-Based Development vs Git Flow

Code optimization in continuous integration or continuous deployment is largely successful with the
right stakeholder tools and automation. In today’s Integrated Development Environments (IDEs), plugins have
appeared for automated code diagnosis and updates while working. Linked to CI/CD, these tools give developers
quick feedback and stop integration errors from occurring. According to [8], using Ansible, Terraform, and
Puppet, together with automation frameworks, the setup steps are more predictable, lowering the chance of build
or deployment issues due to environment differences. With automation, teams can always watch and log activities,
helping them address issues the moment they occur. Version control integration is another critical factor. New
code is integrated and deployed differently depending on whether it uses GitFlow or trunk-based development.

Security and Code Quality Assurance

CI/CD pipeline operations need to include both security and a focus on code quality so that the delivered
applications are safe and strong. Code is studied to detect security problems first during the build stage and then
during actual use with static and dynamic application security testing. Minimising the time it takes for pipelines
to execute is crucial for these tools [9]. Both code coverage, duplication, and maintainability are measured using
quality gates to ensure code progresses to the next stage. When used with well-defined code practices, these gates
maintain top quality without harming the speed of the design.

Benefits of Code Optimization in CI/CD

Optimising code can bring multiple improvements to software processes. When build and test times are
better, issues can be fixed promptly, developers can receive faster feedback, and the development process moves
ahead rapidly. Agile processes demand this speed because several releases are common. When code quality
improves, the number of bugs in use goes down, customers are happier, and there is less work after the release
[10]. Using best practices in pipelines can allow for to use of fewer computing resources, reducing the cloud bill
for both build time and computing services.

Literature Gap

A lot of existing research describes the advantages and structure of CI/CD pipelines, but few studies have
concentrated on code that is improved within them. Most research talks about better infrastructure, automated
tools, or testing steps, even though ineffective code influences CI/CD performance, is left unexamined in detail
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[9]. There are few practical studies of optimization solutions such as modular coding, parallel tasks, and caching,
in actual CI/CD environments [10]. Using it systematically for development teams remains a challenge, requiring
further study and practical use because there are no thorough guidelines for code optimization in CI/CD,.
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Figure 3: Methods Details

III. METHODOLOGY

A secondary qualitative research approach is taken to investigate code optimization methods in CI/CD. To
achieve this, it seek to gather and analyse writings from education and industry to discover success strategies,
measure their results, and learn from them [11]. Rather than finding statistics, the approach stresses understanding
the concepts, patterns, and themes that exist in the data.

In this research, the philosophical approach, which is interpreted, supports the view that reality comes from the
world together. For this study, interpretivism is helpful because it helps to examine the practices of people, the
actions of developers, and organisations that apply CI/CD optimization techniques [12]. The aim of the study is
to gain a clearer understanding of the main problems and possible solutions found in software delivery systems
by using existing research and reports.

Rather than using fixed hypotheses, this study extracts ideas and theories directly from the data it collects. This
method is used since the research is exploratory. The study looks at a wide variety of secondary sources to learn
the latest methods in code optimization and to spot areas where best practices are lacking and new trends are
forming.

It gathers data from papers, news, case studies, posts, and material provided by tool providers, including Jenkins,
GitLab, and GitHub Actions. A variety of useful and dependable websites, covered by IEEE Xplore, ACM Digital
Library, ScienceDirect, Google Scholar, and Medium, are referred to collect the latest and most relevant
information [13]. Literature was chosen because it discussed CI/CD, code optimization and provided authoritative
sources published from 2018 to 2020, integrating details about real-world use cases.

The research also uses thematic analysis on the data, which includes identifying, organising, and making sense
of important themes that appear repeatedly in multiple texts [14]. Results regarding finding solutions to
performance problems, strategies for better using resources, test approaches, pipeline management, and the use of
tools are grouped and summarised. It can better recognise the impacts of different optimization methods on CI/CD
performance by using this analysis.

Because the research is based on publicly accessible data, most ethical problems are avoided. Even so, it stays
respectful to others’ work by noting the sources correctly, recognising intellectual property rights and not
committing plagiarism. The analysis tries to present a fair and equal account of the topic.

IV. DATA ANALYSIS
Theme 1: Code refactoring significantly enhances the performance and maintainability of software in CI/CD
pipelines

Refactoring code is an essential practice today that is essential to operate CI/CD systems effectively. It
focuses on fixing the way code is written, without touching to work for the outside user, as it helps improve the
quality inside, makes things simpler, and makes the code easier to care for. In CI/CD, badly organised or
overlapping code can make integration and deployment take longer because more code needs to be compiled,
tested, and often causes issues with merging [15]. Ensuring code is clean, modular, and readable, using refactoring,
helps to prevent integration glitches and speed up testing.

In addition, the practice of refactoring often fits the principles of agile and DevOps by allowing
developers to keep improving. By continuously refactoring code during CI, developers guarantee the pipeline
stays stable, lower the risk of build failures, and ensure the software can grow well over time. Modernized code
letters for automation of both tests and deployments, which support a stronger and dependable delivery process
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[16]. Case studies by well-known organisations demonstrate that adopting formal policies for refactoring has
increased both often systems that are deployed and the way they stay running. For this reason, code refactoring
helps to make CI/CD systems perform better, not only by making the code easier to work with.

Theme 2: Modular programming practices reduce build times and facilitate faster testing within continuous
integration workflows

Modular programming breaks a software program into small, distinct modules that handle different
functions separately. Because of modularization, teams within CI/CD pipelines are able to develop, test and
release different parts of the application on their own [17]. As a result, the time to build the project is drastically
reduced, because only the fixed modules are built and tested again. It also reduces the risks of global system failure
because this level of detail supports pipeline progress.

Breaking code into reusable pieces allows teams to collaborate on different areas at the same time, with
no risk of integration problems. It additionally improves the ability to locate issues and fix them during continuous
testing. Programmers can more swiftly locate the module that is preventing the build or test from working because
feedback happens rapidly. With the support of modularity, services in advanced CI/CD architectures can be
independently deployed and increased or decreased in size when needed [18]. It follows the aim of continuous
delivery by always ensuring that software can be deployed. As a result, using modular programming helps make
CI/CD workflows more flexible, efficient, and strong.

Theme 3: Parallel processing and task caching are effective strategies for accelerating CI/CD pipeline
execution

Speed and efficiency in CI/CD pipelines are greatly enhanced when the techniques of parallel processing
and caching are applied. Parallelization of jobs in a pipeline makes it possible to accomplish the stages of building,
testing and deployment at the same time instead of one after another [19]. In practice, unit tests, integration tests,
and linting can be tested in parallel, which helps significantly cut the time to receive test results. It is most helpful
for big projects, as executing in order would cause serious bottlenecks.

To cache something means saving the outcomes of past operations, for example, from dependency, asset
compilation, or testing, so that these lists do not have to be processed again. Properly using cache lets code not
run again, so it saves time and computer power [19]. Caching can be added to automated pipelines in several ways
and Jenkins, GitHub Actions, and GitLab CI can do this as long as they are configured correctly.

Getting software deployed to production occurs much more quickly when all these methods are applied.
So new ideas and feedback can be responded to faster. Although setting up pipelines for parallelism and caching
takes skill and planning, doing so greatly boosts both developer and system performance over the long run.

Theme 4: Real-world implementation of optimization techniques leads to measurable improvements in CI/CD
reliability and scalability

Employing code optimization methods in the running of CI/CD environments results in noticeable benefits
to reliability, scalability, and the system works faster. When organisations begin to use these strategies, they see
fewer failures in the build process, quicker releases and improved software [20]. Case studies from Netflix and
Google explain that using modularization, multiple test threads, smart caching and continuous improvements
allows them to regularly launch thousands of changes quickly and without causing much disruption.

It finds that code optimization truly helps to speed up the workflow in DevOps teams by looking at real
projects. When companies keep optimization as a priority, developers are more satisfied and there is less technical
debt. Scaling up the codebase and the number of users keys on the ability to keep releasing software more
frequently, add features rapidly and respond to changes in project requirements smoothly [20]. Besides, industry
data suggest that organisations with efficient CI/CD pipelines have quicker changes, faster recoveries and deploy
changes more frequently. Such insight confirms that improving code efficiency should be focused on results that
match the company’s business model and customers’ preferences.

V. FUTURE ASPECTS

Further research could also study using Al and machine learning together in CI/CD pipelines to enhance
code optimization. Along with using microservices and containers, organisations should look into these new
architectures that impact optimization. In addition, having standard frameworks or toolkits that direct teams on
applying code optimizations in CI/CD would be of practical use [21]. More research involving various industries
could give valuable advice on deciding which strategies are best for different areas. Finally, having real-time
analytics to see the pipeline work and adaptive optimization models may be key to developing smart, automated
delivery systems.
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VI. CONCLUSION

The results of this research point out that improved code optimization enhances a well-functioning and

dependable Continuous Integration and Continuous Delivery system. This study also points out that refactoring,
modular programming, parallel execution, and caching are valuable because they speed up builds, make
applications more maintainable, and enable deployment for a larger user base. It can be seen that the real use of
these techniques brings about clear gains in CI/CD performance by examining secondary qualitative data.
Regardless of present advances, the methods for effectively setting up and testing optimization approaches are not
standardised, requiring research to develop new, intelligent means for optimising software delivery

[1].
[21.
[3].
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