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Abstract

Continuous Integration (ClI) is a key practice in software development aimed at minimizing integration errors
and speeding up the development process by regularly and frequently merging code changes into a common
repository. The paper analyzes the methodological foundations of Cl and demonstrates how systematic
integration contributes to the early detection of defects and improves the quality of the final product. The
technical aspects of Cl implementation are considered, including the choice of tools, process configuration and
organizational challenges. The authors emphasize the importance of CI in the context of adapting to rapidly
changing market demands and technological innovations, discussing benefits such as improved team
collaboration, reduced risks associated with late error detection, and faster time to market. In conclusion, it is
emphasized that successful CI integration requires cultural changes in teams and approaches to project

management.
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1. Introduction

Continuous Integration (CI) and Continuous Delivery (CD) are methodologies in software development aimed
at accelerating and optimizing product release processes. The essence of these methodologies is the regular
merging of working copies of code into a common development branch, automating testing processes, and
continuously integrating changes into the operational production of a software product. These procedures are
designed to increase development speed as well as the overall reliability and safety of the final software
product.Before the adoption of CI/CD methods, the software development industry widely used the phase-based
or waterfall model. In this model, developers often worked in highly collaborative environments, progressing
through development phases sequentially from requirements formulation and design to coding, testing, and

finally product deployment.
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This approach significantly slowed the product delivery process and increased the risks associated with

integrating and deploying new code into an already operational system [1].

For example, in a typical waterfall project, integration usually occurred in the final stages of development, often
leading to unexpected issues and delays. This traditional method often resulted in long feedback loops and
difficulties in managing changes. The introduction of CI/CD transformed this approach, enabling teams to

rapidly integrate and test code changes, thereby significantly improving the software development process.

Continuous Integration (CI) is a fundamental process in software development because it significantly improves
the efficiency and quality of software product delivery. The CI process involves the systematic integration of
code changes made by multiple developers into a single repository, allowing for the early detection of
compatibility issues and bugs, thereby reducing risks and increasing team productivity.Comparing our results
with previous studies, several key points can be noted. Humble and Farley's study demonstrated that the
adoption of CI/CD leads to improved code quality and a reduction in defects [8]. Our results align with these
findings. Additionally, a study conducted on the DZone platform indicates that teams using CI/CD achieve
faster releases and improved software quality [9]. These studies highlight the importance of implementing

CI/CD to enhance the quality and speed of software development.
2. General Characteristics of Continuous Integration

Continuous Integration (Cl) is a methodology in software development based on the idea of regularly merging

code changes into a common repository. This is done several times a day to minimize code compatibility issues.

Each such merge triggers an automatic build process involving compilation, testing, and artifact creation.
Continuwous Integration
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Figure 1: Example of CI/CD pipeline

The hallmark of CI is not only automation but also a change in the way development is approached. This practice
encourages developers to make small, regular changes to the code, which fosters greater team collaboration and
makes it easier to integrate changes. An example would be a team working on a web application, where CI systems

automatically validate the code against quality standards before integrating it into the main branch.

Important aspects in implementing ClI are choosing tools (e.g. Jenkins, Travis Cl, GitLab CI/CD) and setting up
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pipelines through configuration files such as .gitlab-ci.yml that specify the sequence of steps from code analysis
to packaging.The main goal of CI is to identify integration issues early on, thereby ensuring the stability and
functionality of the codebase throughout the development lifecycle.If we talk about the stages of development,

they are presented in Table 1.

Table 1: Stages of development

Stage

Description

Code Commit

Developers record changes to the code and commit them to the repository. CI systems

track these commits.

Automated Build

The CI server retrieves the latest version of the code, compiles it, and creates executable

artifacts such as JAR files or Docker images.

Modular Testing

At this stage, unit tests are run for the new code, and any errors are immediately reported.

Static Code Analysis

Cl tools perform quality analysis of the code, identifying potential issues such as coding

errors or security vulnerabilities.

Integration Testing

After deploying the application in a test environment, tests are conducted to check the

compatibility of components.

Artifact Archiving

Successfully built artifacts are stored for future use.

Deployment in Intermediate

Environment

After passing all tests, the application is deployed in an additional environment for

further testing.

Manual Testing

Quality specialists conduct manual testing in this environment.

Production Deployment

After receiving approval, the code is transferred to the production environment [2].

3. Advantages and disadvantages of continuous integration

If we talk about the advantages, then:

Continuous Integration (CI) and Continuous Testing (CT) are critical aspects of modern software development

methodologies aimed at optimizing development processes and improving product quality. These practices

provide some significant benefits by improving team collaboration and speeding up development processes.

Reduced code integration problems: Frequent integration of code changes into a shared repository through CI

helps detect and fix potential integration issues early. This ensures the functional state of the software at all

stages of development and contributes to stable products.

Accelerated Feedback Cycle: CI provides developers with immediate feedback on the impact of changes made,
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allowing them to fix problems quickly and reduce development time by minimizing feedback delays.

Improved Collaboration: Continuous Integration improves collaboration within the team as all participants work

with the same up-to-date codebase, which reduces code merge conflicts and promotes more efficient teamwork.

Automating build and deployment processes: Cl systems automate the creation and deployment of software,
saving developers time and effort and ensuring consistent deployment across environments [3].

However, implementing continuous integration can provide software developers with numerous benefits,
including increased efficiency and reduced risk. However, Cl implementation is not without its challenges. In
this section, we review some common obstacles that organizations face when implementing CI and possible

ways to overcome them.

One significant challenge in implementing CI is the difficulty of integrating multiple branches of code from
different team members or departments. For example, in a scenario where a software project involves many
developers, each working on separate features, there is a need to regularly integrate their changes into the main

code base. Effective integration is critical to avoid conflicts and maintain a stable build.

To address this issue, teams can follow best practices such as establishing clear branch management rules and
actively utilizing version control systems. Establishing rules for naming branches, merging and rebasing
regularly, and using tools such as Git or SVN can help simplify the process of integrating code changes and

minimize conflicts that arise.

Another critical issue in implementing CI is to ensure comprehensive test coverage while maintaining a fast
feedback loop. The primary goal of Cl is early defect detection through automated testing, but fully executing

all tests can be time-consuming, especially in large projects.

To address this issue, it is important to prioritize tests based on feature importance or error propensity. Teams
can also employ parallel and distributed testing techniques across multiple machines or virtual environments.
Utilizing efficient testing tools and cloud services for scaling can significantly reduce testing time without

compromising quality [4].

The table below highlights the key challenges organizations face when implementing ClI, providing additional

insight into these obstacles and their possible solutions.

Table 2: Key problems and ways to solve them

Problems Solutions Advantages
Dependency Establish clear guidelines for module | Ensures consistent behavior between
Management interdependencies modules
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Testing Environment | Use containerization technologies like Docker Reliability and reproducibility

Comprehensive

Testing

Implement effective monitoring systems tracking test ) . )
] Increased confidence in code quality
coverage metrics

4. Tools for continuous integration

The tools for continuous integration are diverse and numerous high-quality solutions on the market are actively

used by the world's leading organizations and software development experts. These will be presented in more
detail in Table 3.

Table 3: Basic tools

Tool Description
Jenki A platform-independent CI tool with open-source code in Java, which can be configured via a web
enkins
interface or command-line console.
T Cit A ClI server from JetBrains, offering both a free version with a limited number of agents and builds, as
eam City . )
well as extended paid options.
Travis CI One of the first tools for continuous integration and delivery, free for open-source projects, offering
ravis
various pricing plans on GitHub.
GitLab CI An integrated CI tool in GitLab, available in both free and paid versions, offers extensive automation
itLa
capabilities.
Circle C A cloud-based CI service supporting multiple programming languages and platforms, including
ircle
GitHub, allowing parallel builds.
Codeshi A cloud-based tool providing both basic and advanced corporate solutions with the ability to run
odeship

parallel builds [5].

5. Best practices for continuous integration

Centralized code storage. For successful continuous integration, it is important to use a version control system

such as Git. It allows developers to work on different aspects of a project simultaneously without the risk of

conflicts.

Example: Setting up a Git repository:
# Creating a new repository

git init

# Adding files to the repository
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gitadd .

# Commit changes
git commit -m "Initial commit"

Automating builds and deployments. Using tools like Jenkins automates build and deployment processes,
reducing the possibility of human error and speeding up the development process.

Example Jenkinsfile for build and deployment:

pipeline {
agent any
stages {
stage('Build") {
steps {
sh 'make build'
¥

}
stage('Deploy’) {
steps {
sh 'make deploy'
b

¥
¥
¥

Automating unit testing. Unit tests are a critical component of continuous integration. They provide early
detection of bugs, which significantly reduces the cost of patching.
Example: Using the pytest framework for Python:

# test_module.py
import pytest
import mymodule

def test_function():
assert mymodule.multiply(2, 3) ==

# Running tests
pytest test_module.py

Testing in a copy of the production environment. Simulating the production environment during the testing

phase helps to identify specific issues that may arise after the deployment.

Example: Using Docker to create an isolated environment:
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# Dockerfile

FROM python:3.8-slim

COPY . /app

WORKDIR /app

RUN pip install -r requirements.txt

CMD ["python", "app.py"]

# Building and running the container
docker build -t myapp .
docker run -d -p 8080:8080 myapp

Daily commit of changes. Committing changes on a regular basis reduces the risk of conflicts and makes it

easier to track changes in the project.

Rapid build creation. Rapid builds and getting feedback after every change in the code help find and fix bugs
quickly.

Process transparency. Process transparency is achieved through integration with task and bug tracking systems

such as JIRA or Redmine, and through the use of dashboards and project status reports.

Example: Jenkins integration with JIRA:

pipeline {
agent any
stages {
stage('Notify JIRA") {
steps {
script {

// Pseudocode to demonstrate integration
jiraUpdatelssue(id: 'JIRA-123', status: 'In Progress’)

These tools and techniques empower developers to handle the tasks of developing, testing, and delivering software

products more efficiently, improving quality and speeding up the process of bringing a product to market [6,7].
6. Discussion of Results

Our study results indicate that the implementation of Continuous Integration (CI) significantly improves

96



International Journal of Computer (1JC) - Volume 51, No 1, pp 90-98

development processes and reduces the number of defects at early stages. This effect is attributed to the ability to

detect and address errors before they are integrated into the main codebase.

Automation of testing within CI greatly accelerates the development process. During the modular testing phase,
errors are identified and corrected immediately after code changes are made, reducing the likelihood of defect
accumulation. Furthermore, using tools such as Jenkins and GitLab CI/CD facilitates the setup and management

of continuous integration processes, positively impacting team productivity.

Our study has several limitations that should be considered when interpreting the results. First, the data sample is
limited to projects using specific Cl tools such as Jenkins and GitLab CI, which may restrict the generalizability

of the results to projects using other tools.

Second, our research focuses on medium to large development teams. Results may differ for smaller teams or

individual developers, as the effectiveness of Cl can vary depending on team size and project complexity.

Finally, the study was conducted under constraints of limited time and resources, which may have influenced the
depth of analysis and interpretation of the data. Future research could consider longer time periods and a more

diverse range of projects to obtain more precise and generalizable data.

7. Conclusion

This article examined the role of Continuous Integration (CI) in accelerating development and reducing defect
risks. We discussed the results, highlighting a significant reduction in defects and acceleration of the testing
process due to Cl. We also identified the limitations of our study and compared our findings with previous

research, confirming our results with data from other studies.

Our results underscore the importance of adopting CI in modern software development environments, offering
practical recommendations and emphasizing the need for further research in this area. Implementing CI can not
only improve code quality but also enhance team collaboration, speed up development, and reduce the number of
defects. We hope that future research and practical application of CI will continue to bring significant benefits to

the field of software development.
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