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Abstract: The increasing demand for rapid software delivery has led to the widespread adoption of
Continuous Integration (CI) and Continuous Deployment (CD) pipelines. These pipelines automate
the processes of code integration, testing, and deployment, significantly improving the speed and
reliability of software development. However, traditional CI or CD pipelines often overlook security
testing, leading to vulnerabilities in the deployed software. To address this gap, this study proposes an
integrated framework that embeds automated security testing within the CI or CD process. The
framework incorporates security testing tools such as Static Application Security Testing (SAST),
Dynamic Application Security Testing (DAST), and Vulnerability Assessment and Penetration Testing
(VAPT) to ensure continuous security checks throughout the development lifecycle. The experimental
results show that the proposed framework enhances early vulnerability detection, with detection rates
increasing from 30% to 70%. Additionally, the framework reduces deployment failures from 50% to
20%, demonstrating its effectiveness in improving software dependability. While the integration of
automated security testing adds a slight 5% increase in pipeline execution time, this minimal impact
does not significantly affect the overall speed of the pipeline. The proposed approach successfully
balances security and efficiency, ensuring that software is both secure and delivered at high speed. This
research highlights the importance of integrating security into CI or CD pipelines and demonstrates
that it is possible to achieve high security without sacrificing the speed of software development. The
study also discusses the practical implications for software development teams and suggests areas for
future research, including the integration of advanced Al-driven security testing tools and the

expansion of the framework's applicability across different softwate projects.

Keywords: Automated Security; Continuous Deployment; Continuous Integration; Software
Dependability; Vulnerability Detection.

1. Introduction

In the rapidly evolving world of software development, the need to deliver high-quality
products at an unprecedented pace has become a critical requirement. Traditional software
development methodologies, which are often slow and cumbersome, have struggled to meet
the demands of modern businesses and consumers. This has led to the widespread adoption
of more agile, automated, and efficient approaches such as Continuous Integration (CI) and
Continuous Deployment (CD) [1]. The increasing demand for faster delivery cycles has
necessitated the need for robust and scalable software delivery pipelines. However, while CI
or CD pipelines have significantly accelerated the development and deployment processes,
they often fail to integrate systematic security testing, resulting in vulnerabilities in deployed
systems [2].
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The CI or CD pipeline facilitates the integration of code changes and their deployment
into production environments, enabling faster feedback loops, earlier bug detection, and more
efficient releases. Continuous Integration involves the regular merging of code changes from
multiple developers into a shared repository, ensuring early detection of integration issues and
maintaining the stability of the codebase [3]. Similarly, Continuous Deployment extends this
practice by automating the process of deploying code changes directly into production
environments, thereby enhancing the speed and reliability of software updates [4]. While these
pipelines have streamlined many aspects of software development, they often overlook the
integration of automated security testing, which is crucial in ensuring that vulnerabilities are
detected early in the development lifecycle [5].

Agile methodologies, which emphasize iterative development and regular releases, align
closely with the goals of CI or CD, providing a framework for continuous improvements and
stability [6]. CI or CD practices, particularly when integrated with automated security testing,
can address the challenges faced by traditional software testing methods, which are often
reactive rather than proactive. The integration of security testing into CI or CD pipelines can
help identify vulnerabilities early, thus reducing the likelihood of security breaches in
production environments [7].

In this paper, we propose an integrated framework that embeds automated security
testing within the CI or CD pipeline to enhance software dependability. This framework aims
to address the gap between rapid software delivery cycles and the need for rigorous security
testing by automating vulnerability detection within the CI or CD workflow [8]. By
incorporating automated security testing tools into the pipeline, the framework ensures that
vulnerabilities are detected early without significantly increasing the execution time of the
pipeline. Through experimental validation, the framework’s effectiveness in improving
vulnerability detection and reducing deployment failures will be assessed.

In the evolving landscape of software development, the rapid delivery of high-quality
products has become increasingly important. Continuous Integration (CI) and Continuous
Deployment (CD) pipelines have emerged as key enablers of this swift delivery, automating
the process of code integration, testing, and deployment. These pipelines, while crucial for
enhancing development speed and efficiency, often overlook the systematic integration of
security testing, leaving software systems vulnerable to various threats [5]. The failure to
embed security testing eatly in the development cycle can lead to severe vulnerabilities,
jeopardizing the software's integrity, confidentiality, and availability.

CI or CD pipelines primarily focus on streamlining the build and deployment processes,
ensuring that software updates are delivered rapidly and frequently. However, this efficiency
comes at the expense of security integration, which is frequently addressed late in the
development cycle. This delayed approach to security, commonly known as "shifting security
left," is inadequate for the demands of modern software development envitonments that
require continuous and proactive security assessments [9]. Furthermore, the manual
management of security components in traditional CI or CD pipelines is labor-intensive and
prone to errors, particularly as the number of services and applications increases [10]. These
challenges highlight the need for a more integrated and automated approach to security within
CI or CD pipelines.

To address these concerns, we propose an integrated framework that embeds automated
security testing directly within the CI or CD process. The goal is to enhance software
dependability by making security a continuous and seamless patt of the development lifecycle.
This framework incorporates various automated security checks, including Static Application
Security Testing (SAST), Dynamic Application Security Testing (DAST), and Vulnerability
Assessment and Penetration Testing (VAPT) tools, to ensure continuous security evaluation
without disrupting the development flow [11]. Additionally, the integration of Artificial
Intelligence (Al) and Machine Learning (ML) technologies for anomaly detection and
predictive analytics promises to further bolster the security of software systems by identifying
and mitigating threats in real time [12].

The proposed framework not only aims to automate security testing but also to
encourage collaboration between development, operations, and security teams-a practice
known as DevSecOps [13]. By embedding security checks throughout the CI or CD pipeline,
the framework ensures that vulnerabilities are detected and addressed eatly, reducing the
likelihood of deploying insecure software and improving overall software dependability.
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2. Literature Review

CI or CD Pipelines: Evolution, Benefits, and Challenges in the Software
Development Lifecycle

The rapid pace of software development demands highly efficient and automated
practices, which has led to the widespread adoption of Continuous Integration (CI) and
Continuous Deployment (CD) pipelines. CI or CD pipelines aim to streamline the software
delivery process by automating the build, test, and deployment stages, thus ensuring faster
and more reliable software releases [14]. Initially, CI focused on the continuous integration
of code from different developers into a shared repository, allowing for earlier detection of
integration issues and ensuring software stability. CD, which extends Cl by automating the
deployment of software into production, ensures that new features and updates are delivered
quickly and reliably to end-users [15].

Over time, the scope of CI or CD pipelines has expanded beyond software to include
Cyber-Physical Systems (CPS), where the integration of hardware and software expertise
within CI or CD pipelines ensures high dependability despite the unique challenges of
combining these two domains [16]. Furthermore, the integration of Al-driven solutions has
revolutionized CI or CD pipelines, improving automation, scalability, and efficiency. Al-
powered tools enhance the decision-making process by providing predictive analytics and
anomaly detection, which help mitigate potential issues before they become problematic [17].

Despite the undeniable benefits of CI or CD, the adoption of these pipelines presents
several challenges. Cultural shifts within organizations are required, as CI or CD necessitates
significant changes to traditional workflows, communication, and collaboration among teams
[18]. Moreover, the lack of interoperability between vatious CI or CD tools, which often
support different programming languages and platforms, poses a major obstacle to seamless
integration across the pipeline [5]. Another key challenge is ensuring that security is adequately
addressed within CI or CD pipelines, which often prioritize speed and efficiency over security
considerations.

Digital technology development has encouraged organizations to adopt more adaptive
and automated approaches to software development. One of the widely used approaches is
Continuous Integration and Continuous Deployment (CI/CD), which enables the processes
of code integration, testing, and software distribution to be carried out continuously and in a
structured manner. This approach helps development teams accelerate the software
development cycle while improving system quality through consistent testing processes.

In the context of digital transformation, the integration of various technologies such as
machine learning, blockchain, and modern computing systems indicates that integrated
system development requires a framework capable of supporting continuous process
automation and system security [19]. The implementation of an adaptive technological
framework allows information systems to evolve dynamically in accordance with
organizational needs and increasingly complex digital environments.

Furthermore, the integration of intelligent technologies into digital systems also
demonstrates that modern software development is not only focused on application
functionality but also on information technology—based innovation management processes
that support operational efficiency and the sustainability of digital systems [20]. Therefore,
CI/CD has become an important approach in establishing a sustainable software
development process integrated with security technologies and system automation.

Security Testing in CI or CD: Analysis of Existing Practices, Common Pitfalls, and
Why Security Becomes an Afterthought

While CI or CD pipelines offer numerous advantages, security often becomes an
afterthought. The rapid pace of CI or CD practices, with their focus on speed and continuous
delivery, can lead to a deprioritization of security, leaving software vulnerable to potential
attacks. Security testing is frequently incorporated at the end of the development cycle, which
is insufficient for the fast-paced, iterative nature of CI or CD environments [9]. As a result,
vulnerabilities often go undetected until after deployment, when they are more difficult and
costly to address.
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To mitigate these risks, automated security testing techniques, such as Static Application
Security Testing (SAST), Dynamic Application Security Testing (DAST), and Vulnerability
Assessment and Penetration Testing (VAPT), have been integrated into CI or CD pipelines.
These tools enable continuous security assessments throughout the development lifecycle,
helping to identify vulnerabilities eatly and ensuring that security is consistently maintained
[11]. Additionally, the DevSecOps approach, which integrates security practices into every
stage of the CI or CD pipeline, ensures that security is not an afterthought but an integral
part of the development process [21].

However, despite the integration of these practices, several common pitfalls persist. One
of the most significant issues is the late integration of security testing, which still occurs in
many CI or CD workflows. This late integration creates gaps where vulnerabilities can be
missed, increasing the chances of deploying insecure software [9]. Security misconfigurations
are another common pitfall, with many CI or CD pipelines suffering from misconfigurations
that leave systems open to exploitation. Studies indicate that fewer than 1% of CI or CD
workflows are free from such misconfigurations [22]. Furthermore, security testing is often
overlooked or inadequately implemented due to a lack of awareness or expertise in security
practices among development teams [18].

The focus on speed, combined with the complexity of integrating security into the CI or
CD pipeline, leads to security being neglected. Organizations may not have the resources or
expertise to implement robust security measures, and as a result, vulnerabilities are left
unaddressed [14]. Furthermore, security becomes an afterthought due to the constant
pressure to deliver software quickly, often at the expense of rigorous testing.

Automated Security Testing: Role and Effectiveness of Automated Security Testing
Tools

Automated security testing has become a fundamental aspect of modern software
development, particulatly within Continuous Integration (CI) and Continuous Deployment
(CD) pipelines. These tools, including Static Application Security Testing (SAST), are
designed to identify vulnerabilities early in the development process, ensuring that issues such
as memory-related vulnerabilities and other security risks are detected before deployment [23].
The adoption of automated security tools is especially crucial in preventing vulnerabilities that
could otherwise compromise the security, integrity, and performance of software systems.

Despite their importance, automated security testing tools face several challenges. One
of the most significant hurdles is the high rate of false positives, where the tools incorrectly
flag non-issues as vulnerabilities, leading to unnecessary remediation efforts [24]. Additionally,
usability issues often arise, as developers struggle to interpret and act on the warnings
generated by these tools. This can lead to vulnerabilities being ignored or pootly addressed,
exacerbating security risks in the final product [25]. Furthermore, the integration of security
testing tools into the development workflow can be challenging, as it requires seamless
collaboration with issue-tracking systems and other development tools [23]. This integration
is crucial for streamlining the identification, communication, and resolution of security
vulnerabilities, thus making the remediation process more efficient.

To address these challenges, advanced techniques such as fuzz testing and the
application of genetic algorithms for feature selection in vulnerability detection tools are being
explored. Fuzz testing involves automatically generating a large number of test inputs to
detect vulnerabilities in software systems, particularly those related to unexpected user inputs
[24]. The use of genetic algorithms further enhances the accuracy and efficiency of automated
security testing by optimizing the selection of test features, ultimately improving the detection
rate of vulnerabilities [26]. Combining multiple automated testing methods, including static
and dynamic testing, can significantly enhance the overall effectiveness of security testing in
CI or CD pipelines [27].

Dependability in Software: Concepts and Importance in CI or CD Pipelines

Dependability is a critical attribute for any software system, encompassing reliability,
availability, maintainability, and safety. In the context of CI or CD pipelines, dependability is
essential for ensuring that software updates do not introduce new faults and that any issues
are quickly identified and resolved [28]. Reliability refers to the software’s ability to
consistently provide correct service, while availability ensures that the system is ready to
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operate whenever required. Maintainability involves the ease with which software can be
updated and modified, and safety relates to the absence of catastrophic consequences
resulting from software failures [27].

Achieving dependability in software requires comprehensive fault management
strategies, including fault avoidance, fault tolerance, fault removal, and fault forecasting.
These strategies aim to mitigate the impact of errors and failures, ensuring that the software
continues to function correctly even in the presence of issues [25]. In CI or CD pipelines,
dependability is especially important because the continuous nature of software integration
and deployment can introduce unforeseen problems, particularly when security vulnerabilities
are overlooked. Automated testing, monitoring, and issue management practices are essential
for maintaining dependability in CI or CD environments by identifying potential faults early
in the development process [29].

Moreover, dependability can be measured and evaluated through various methods,
including the use of software tools that model and visualize reliability, availability, and
maintainability metrics. These evaluations provide valuable insights for improving the
dependability of software systems by comparing different approaches and identifying areas
for improvement [28]. The integration of automated security testing tools within CI or CD
pipelines plays a significant role in enhancing dependability by ensuring that security
vulnerabilities are detected and resolved early, thus minimizing the risk of failures during
deployment.

3. Research Method

The research employs a Design Science Research (DSR) approach to develop a
framework that integrates automated security testing into Continuous Integration and
Continuous Deployment (CI or CD) pipelines, addressing the lack of systematic security
testing in traditional CI or CD workflows. The framework incorporates tools like Static
Application Security Testing (SAST), Dynamic Application Security Testing (DAST), and
Vulnerability Assessment and Penetration Testing (VAPT) to detect vulnerabilities early
without hindering the development process. By integrating these tools into CI or CD
platforms such as Jenkins and Gitlab, the framework ensures continuous security
assessments throughout the software lifecycle. The framework’s effectiveness is validated
through an experimental setup simulating a real-wotld CI or CD environment, demonstrating
improved vulnerability detection and enhanced security without significantly affecting
deployment speed. This approach provides a practical solution for maintaining software
security and dependability in fast-paced development environments.

Research and
Method

Design Science
Research
Approach

Framework Toolchain
Design Integration

Experimental
Validation

Figure 1. Flowchart structure.

Design Science Research Approach

The research methodology employed in this study follows the Design Science Research
(DSR) approach, which is commonly used to develop and evaluate artifacts that address
practical issues. DSR focuses on the creation and iterative refinement of models, frameworks,
and methodologies to solve identified problems. In this study, the primary problem is the lack
of systematic integration of security testing in traditional CI or CD pipelines, leading to
vulnerabilities in deployed software systems.
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The DSR approach involves multiple cycles of design, testing, and improvement to
ensure that the proposed framework effectively integrates automated security testing within
the CI or CD pipeline. This iterative process guarantees that the framework is both practical
and relevant to real-world software development environments, where rapid software releases
must be balanced with security considerations. By leveraging DSR, the study ensures the
development of a framework that directly addresses the gaps in traditional CI or CD practices
that overlook security.

Framework Design

The proposed framework integrates automated security testing tools within the CI or
CD pipeline to ensure continuous security assessments throughout the software development
lifecycle. The framework incorporates key components such as Static Application Security
Testing (SAST), Dynamic Application Security Testing (DAST), and Vulnerability
Assessment and Penetration Testing (VAPT) tools. These tools are embedded in the CI or
CD process to detect vulnerabilities eatly, without significantly delaying the development or
deployment cycle.

The framework operates by integrating automated security checks at each stage of the
CI or CD pipeline, including code integration, build, testing, and deployment. By embedding
security testing in these stages, the framework ensures that vulnerabilities are identified in
real-time, which allows for immediate remediation. Additionally, the framework promotes
collaboration between development, operations, and security teams, facilitating the eatly
identification and resolution of security issues within a DevSecOps model.

Toolchain Integration

To implement the framework, various tools and technologies are used within the CI OR
CD pipeline. Key tools for automated security testing include SAST, which analyzes source
code for vulnerabilities, and DAST, which tests the application in runtime for security issues
that may arise during execution. These tools are essential for detecting a wide range of
vulnerabilities, such as memory-related issues, SQL injections, and cross-site scripting (XSS).

In addition to security testing tools, popular ClI or CD platforms like Jenkins, GitLab,
and GitHub Actions are integrated to automate the build, test, and deployment processes.
These platforms facilitate the seamless integration of security testing tools within the CI or
CD pipeline, ensuring that security checks are consistently incorporated at each stage of the
software development and deployment process.

By integrating these tools, the framework ensures that security is continuously monitored
and assessed, reducing the risk of vulnerabilities slipping through the cracks and reaching
production. This integration not only strengthens the security posture of the software but
also ensures that security measures do not hinder the speed or efficiency of the CI or CD
pipeline.

Experimental Validation

The effectiveness of the framework is validated through an experimental setup that
simulates a real-world CI or CD environment. The setup includes a CI or CD pipeline that
incorporates the proposed framework and integrates various automated security testing tools.
The experimental validation aims to assess the framework's ability to detect and mitigate
security vulnerabilities early in the development process.

In the experimental validation, vulnerabilities are intentionally introduced into the
pipeline to test the framework’s effectiveness in detecting and addressing these issues. The
pipeline's performance is evaluated based on several metrics, including the rate of
vulnerability detection, the time taken for remediation, and the impact on deployment speed.
These metrics provide valuable insights into the framework's effectiveness in enhancing
security without compromising the overall efficiency of the CI or CD pipeline.

The results of the validation confirm that the proposed framework significantly
improves the early detection of vulnerabilities and reduces the occurrence of security-related
failures in production environments. Additionally, the framework demonstrates that security
can be seamlessly integrated into CI or CD pipelines without significantly slowing down the
software delivery process, highlighting its practicality and effectiveness in real-world software
development.
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4. Results and Discussion

The experimental results showed that integrating automated security testing within the
CI or CD pipeline significantly improved early vulnerability detection, reduced deployment
failures, and had minimal impact on pipeline execution time. By using tools like Static and
Dynamic Application Security Testing (SAST, DAST) and Vulnerability Assessment and
Penetration Testing (VAPT), security issues such as memory vulnerabilities and SQL
injections were detected eatly, preventing their introduction into production. This proactive
security approach reduced the number of deployment failures and ensured more stable,
reliable software. Additionally, the slight increase in pipeline execution time demonstrated
that security could be effectively integrated into CI or CD processes without compromising
speed, confirming that rapid software delivery and robust security can coexist in modern
development environments.

Results

The experimental results demonstrated a significant improvement in early vulnerability
detection within the CI or CD pipeline when automated security testing was integrated.
During the testing phase, various vulnerabilities, such as memory-related issues, SQL
injections, and cross-site scripting (XSS), were deliberately introduced into the system. The
automated security tools integrated into the CI or CD pipeline, including Static Application
Security Testing (SAST), Dynamic Application Security Testing (DAST), and Vulnerability
Assessment and Penetration Testing (VAPT), successfully identified these vulnerabilities
during the early stages of development. This eatly detection was crucial for reducing the risk
of vulnerabilities slipping into production, which is often a major concern in traditional CI or
CD pipelines that only address security testing late in the cycle.

Feccerniaqe Detect
Verioriape

adinisral COCD CAXD wieh Automated Secerity Testing

] P — ]
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Figure 2,3,4. Early Vulnerability Detection (%),Deployment failures (%),Pipeline Execution
Time Increase (%).

The experimental results demonstrate that integrating automated security testing into CI
or CD pipelines significantly improves early vulnerability detection, reduces deployment
failures, and minimally impacts pipeline execution time. With traditional CI or CD pipelines,
only 30% of vulnerabilities are detected eatly, while the integration of automated testing tools
boosts eatly detection to 70%. Additionally, deployment failures caused by undetected
vulnerabilities decrease from 50% to 20% with the integrated security testing framework,
showcasing its effectiveness. Despite a slight 5% increase in execution time due to security
testing, this minimal impact demonstrates that security can be effectively incorporated
without compromising the overall speed of the pipeline.

Furthermore, the integration of automated security testing tools resulted in a noticeable
reduction in deployment failures. In the experimental setup, fewer security-related issues were
encountered during the deployment phase, with a significant decrease in deployment failures
compared to traditional pipelines. This reduction can be attributed to the continuous security
assessments conducted throughout the development process, ensuring that vulnerabilities
were identified and addressed before reaching the deployment stage. As a result, the software
delivered through the integrated CI or CD pipeline was more stable, reliable, and secure, with
fewer incidents of security breaches or failures post-deployment.
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Discussion

The integration of automated security testing into CI or CD pipelines significantly
improved the early identification of vulnerabilities. Traditional CI or CD pipelines often rely
on manual or delayed security testing, which leaves gaps where vulnerabilities can go
undetected until after deployment. In contrast, the automated tools integrated into the
framework allowed for continuous monitoring of security throughout the development
lifecycle, ensuring that potential issues were addressed promptly. This proactive approach not
only enhanced the overall security of the software but also reduced the time needed to
remediate vulnerabilities, as issues were identified and fixed eatly in the process.

In terms of deployment failures, the results indicate that security testing plays a critical
role in preventing issues that could disrupt the deployment process. By detecting and
addressing security vulnerabilities during the early stages, the risk of failure during deployment
was minimized. This is especially important in modern development environments where
fast-paced releases are expected. The integration of automated security checks ensures that
the software is secure before deployment, reducing the chances of costly post-deployment
fixes or security incidents. This finding underscores the importance of embedding security in
every stage of the CI or CD pipeline rather than treating it as an afterthought.

Additionally, the impact of security testing on the pipeline execution time was minimal,
with only a slight increase in processing time. The results showed that the additional time
spent on security testing did not significantly affect the overall speed of the pipeline,
demonstrating that security can be effectively integrated into the CI or CD process without
compromising its efficiency. This finding is crucial for organizations looking to enhance
security without sacrificing the speed of software delivery. By carefully configuring the
security tools and automating the testing processes, security can be maintained at a high level
while still meeting the demands for rapid software releases.

5. Comparison

Traditional CI or CD pipelines typically treat security testing as a separate or post-
deployment activity, which often results in vulnerabilities being detected too late in the
development cycle. Security testing is generally conducted after the code is integrated and
deployed, creating a significant delay in identifying vulnerabilities. This approach leaves the
software exposed to potential risks during the eatly stages of development and integration,
leading to possible security breaches in production environments. As a result, the focus on
rapid delivery may compromise security, as vulnerabilities are often addressed only after
deployment, which can lead to costly fixes and remediation efforts.

In contrast, the integrated framework proposed in this study embeds automated security
testing tools throughout the entire CI or CD pipeline. By incorporating security checks at
every stage-code integration, build, testing, and deployment-the proposed approach ensures
that vulnerabilities are detected eatly, allowing for immediate remediation before reaching
production. This proactive security integration eliminates the delays associated with
traditional approaches and ensures that security is an integral part of the continuous
development and deployment process.

The comparison of key performance indicators (KPIs) between traditional CI or CD
pipelines and the proposed integrated framework reveals significant improvements in security
and efficiency. The integrated framework enhances early vulnerability detection from 30% to
70%, significantly improving security. It also reduces deployment failures from 50% to 20%,
ensuring more stable and secure software releases. While integrating automated security
testing adds a slight 5% increase in pipeline execution time, this minimal impact does not
compromise the speed of the CI or CD pipeline, balancing security and efficiency effectively.
The proposed approach ensures that security is prioritized without significantly slowing down
development or deployment.

The proposed integrated framework offers several advantages over traditional CI or CD
implementations. One of the key benefits is the early detection of vulnerabilities, which
significantly reduces the risk of security breaches and ensures that vulnerabilities are addressed
before they reach production. This proactive approach to security is more effective than
traditional methods, which often fail to identify vulnerabilities until after deployment, leaving
software systems exposed to potential threats.
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Another advantage is the reduction in deployment failures. By incorporating automated
security testing throughout the pipeline, the framework ensures that vulnerabilities are
identified and remediated eatly, leading to a significant reduction in deployment-related issues.
This contributes to more stable and reliable software releases, which is especially important
in fast-paced development environments where minimizing deployment failures is crucial.

However, the framework does have some limitations. The slight increase in execution
time due to the integration of security testing tools could be seen as a disadvantage in
scenarios where speed is the top priority. While the 5% increase is relatively small, some
organizations may be concerned about the impact of security testing on pipeline efficiency,
especially if the pipeline is already handling large amounts of code. Additionally, the
complexity of integrating multiple security testing tools and ensuring their smooth operation
across different CI or CD platforms could be a challenge, particularly for teams with limited
expertise in security practices.

In terms of future improvements, the framework could benefit from the integration of
more advanced Al and machine learning techniques to further optimize vulnerability
detection and remediation processes. Additionally, enhancing the toolchain's interoperability
across various platforms and programming languages could help reduce integration
challenges and increase adoption across diverse software development environments.

6. Conclusions

This study demonstrates that integrating automated security testing within CI or CD
pipelines significantly enhances software dependability. The proposed framework improves
early vulnerability detection, with detection rates increasing from 30% in traditional CI or CD
pipelines to 70% with the integrated approach. Additionally, deployment failures are reduced
from 50% to 20%, highlighting the effectiveness of continuous security checks throughout
the development cycle. While the integration of security testing slightly increases pipeline
execution time by 5%, it does not notably impact the overall speed of the CI or CD process,
maintaining a balance between security and efficiency. These findings confirm that security
can be seamlessly incorporated into CI or CD pipelines without compromising the speed of
software delivery, ultimately improving the stability and security of software releases.

For software development teams, the adoption of this integrated framework offers
practical benefits in enhancing both security and efficiency. By detecting vulnerabilities early
in the development process, teams can prevent costly security breaches and reduce the need
for time-consuming fixes post-deployment. The reduced deployment failure rate ensures that
software updates are more reliable and stable, contributing to overall product quality. This
framework is particularly useful for teams that prioritize both rapid delivery and high-quality,
secure software. The integration of automated security testing into CI or CD processes
ensures that security is an ongoing concern, not an afterthought, leading to more secure and
dependable software systems.

Future research could focus on improving the proposed framework by incorporating
advanced techniques such as Al-driven vulnerability detection and predictive analytics, which
could further enhance the accuracy and efficiency of security testing. Additionally, expanding
the framework’s applicability across different software projects and development
environments would help evaluate its versatility and scalability. Exploring the integration of
more security testing tools and enhancing the interoperability of the toolchain across vatrious
CI or CD platforms and programming languages could reduce implementation challenges and
increase adoption. Furthermore, future studies could investigate the long-term impact of
continuous security testing on software lifecycle management and its role in maintaining
software dependability in evolving development contexts.
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