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Abstract: In a world where the technologies of software development and delivery are changing, the role of DevOps
becomes one of the determinative methods to increase productivity and share output. However, the adoption of DevOps for
cloud-native environments offers a seemingly endless list of security issues that organizations have to pay a lot of
attention to. As will be revealed progressively in this paper, the current strategies to protect DevOps pipelines in cloud-
native surroundings are diverse and effective. Based on the specifics of the security issues specific to cloud-native
architectures and the key areas of DevOps lifecycles, this work outlines a complex approach to protecting such systems.
Hence, it is imperative to introduce and enforce secure solutions at each cycle of the DevOps, including code creation and
management, CI/CD pipeline, and runtime environments. Thus, propositions made in this paper call for the use of
sophisticated security solutions, the reliance on advanced automatic monitoring, and strategies that correspond to the
nature of cloud-native environments. The strategies integrate methods to manage risks and enforce compliance and
security in DevOps to guarantee the future of software delivery in the cloud environment. The approach includes the
following: a secure development life cycle that covers design and implementation, which is usually referred to as security
by design, where security features are added at the design level followed by coding standards, code reviews, and use of
software development tools including the static and dynamic analysis tools. Also, the paper explains how to protect CI/CD
pipelines using inline or post-build security scanning and container usage by adopting the trustworthy base image,
runtime protection, and IaC protection with the help of a security scanning tool and a configuration review tool. The focal
points on continuous monitoring, response to incidents, RBAC, and secret management are also underlined as the
components of the secure DevOps pipeline. The findings show that integrated security solutions considerably improve the
guards of cloud-native applications and offer organizations ways to implement a safe software factory in the modern IT
environment.
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I. INTRODUCTION

This specific type of innovation is relatively new and has changed traditional practices concerning application delivery and
management in organizations to a great extent. Microservices, along with containers and dynamic orchestration platforms like
Kubernetes, are examples of the Cloud-native architecture for applications that are well-organized, custom-built, and flexible. [1]
Microservices that are being deployed on the applications allow the breaking down of the applications into manageable units that
could be coded, deployed and stand alone, making them more flexible and elastic in nature. Containers offer a rather open and
very conveyable format for the packing of applications with all other resources, accessories, and dependencies needed for the
required functionality as a foundation, no matter the infrastructure. There are also high-level orchestration systems like the
Kubernetes that are used for the deployment, scaling and management of containerized applications, hence proper usage of the
resources. At the same time, a new method that determines the stage of development of cloud-native applications has appeared.
It is DevOps, which prescribes cooperation between developers and operational personnel. DevOps promotes the development
and operational collaboratives that help the software delivery service to be fast, good and gradually improving. Hence, cloud-
native technologies and DevOps practices have amalgamated to form part of the newer, more efficient, and faster software
development and delivery approach that revolutionizes how organizations transform towards the achievement of their
technological strategies.

() DOC)

¥ NG_HD (https://creativecommons.org/licenses/by-nc-nd/2.0/)



Atul Gupta /ESP IJACT, 2(1), 143-161, 2024

A. Intersection of DevOps and Cloud-Native Environments:

DevOps and cloud-native transformation are the new ways to move in contemporary software development, which shows
the new generation of application delivery. [2-5] This applies the best strategies of the two schools to fit the relatively higher-
order needs of application for flexibility, ounce, versatility, and resilience in organizations in the dynamic business world.

| Synergy Between DevOps and Cloud-Native Architectures |

| Containerization and Microservices |

| Continuous Integration and Delivery (CI/CD):CI/D |

| Monitoring and Observability |

| Security Considerations |

| Cultural and Organizational Shifts |

Figure 1: Intersection of DevOps and Cloud-Native Environments

a) Synergy between DevOps and Cloud-Native Architectures:

One should also mention that DevOps practice is inherently linked with cloud-native application architecture. DevOps also
shares its ideas on automation, CI/CD, and the cooperation of developers and operations individuals in the delivery of an
application. The latter can be stored in a repository used by multiple developers of the same organization that has the provided
tested and compliant with those practices code-ready, while microservices and containers as cloud-native architectures are
aligned with those practices as they comprise numerous independent, scalable entities. The microservices architecture focuses on
decomposing applications into smaller components where we can work on each independently of the others. This modularity,
therefore, suits DevOps well because it may be automated, and releases and integration can be frequent.

b) Containerization and Microservices:

This approach is one of the main components of cloud-native technologies and defines approaches to the creation and
deployment of applications in containers. They assist in bundling an application and all the dependents and offer a runtime for
an application from the development to the production stage. This means that this approach is easily integrated with DevOps
because it fosters support towards testing, deployment and scaling. With a microservices architecture, where an application is
cut into small components called services that are not very dependent on each other, this integration is even heightened by the
fact that in a microservices architecture, teams can package, launch and regulate microservices on their own because they are
autonomous. These microservices can also be employed by the DevOps automation tools when trying to fortify the deployments,
monitor the application's effectiveness and act on any resolution swiftly.

¢) Continuous Integration and Delivery (CI/CD):

CI/CD pipeline is one of the practices of the DevOps approach and can also be applied to the CNCF applications. Hence,
rather stays important to notice that the CI/CD solutions have a definite usefulness in relation to the contexts linked to the native
cloud environment and with the containerization or orchestration probabilities. Regarding containerized applications, the
pipeline can automatically perform continuous integration and continuous delivery: present what characterizes the creation,
testing, and deployment of the applications; it is evident that this is being done with more efficiency and velocity [20]. For
instance, continuous delivery platforms such as CircleCI, Jenkins, and GitLab CI, among many others, engage with containers and
arrangements such as Kubernetes. These integrations help enhance the objective of attaining the required code change, which is
tested, validated, and implemented, hence reducing the time to market, whereas, in reality, it enhances the quality of the created
software.

d) Monitoring and Observability:

Some of the components involved in the monitoring in the cloud-native environments include monitoring and
observability in order to manage the applications. DevOps practices incorporate the monitoring process to determine emerging
issues and enable continuous adjustments to be made. Use cases of cloud-native aspects are inherently dynamic and distributed,
and that is why they require elaborate management tools capable of providing comprehensive activity logs of applications and
statuses of the relevant infrastructures. Such are Prometheus, Grafana, Elasticsearch, etc., that aggregate and analyze metrics,
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logs, and traces to express system work and potential issues. This also assists the DevOps teams in keeping a view of their cloud-
native applications and handling incidents or optimizing their cloud applications for a steady run.

e) Security Considerations:

It also describes the security in DevOps and cloud constructs, and while security MUST be integrated into the software
DevOps lifecycle, security and delivery can coexist. In the context of the elastic orchestration environments, new security
challenges related to classic applications can be focused on container images, secrets, and compliance. Thus, the use of
automation and the application of integrated and collaborative approaches to the DevOps model aid in the incorporation of sound
security concepts. Security measures and recommendations must be applied to CI/CD pipelines and containers' usage because it
is crucial to identify and address vulnerabilities and compliance problems before going to the production environment

f) Cultural and Organizational Shifts:

The connection between DevOps and cloud-native offerings leads to cultural and organizational modifications. Thus,
DevOps encompasses the collaboration and culture between the development and operations teams, which are pivotal if cloud-
progressive environments are to be controlled. DevOps applications are based on new paradigms, such as cloud-native
applications and deployment, that need container orchestration and micro-services. From this shift enhances the use of
integration of the teams in the development of software that will help in tackling the challenges that are faced in the market.

B. Importance of Securing DevOps Pipelines:

Currently, DevOps pipelines are the foundation of modern approaches and activities related to continuous integration and
delivery of applications. These pipelines automate the activities related to the construction, testing, and deployment of
applications, thus ensuring the swift delivery of the software. However, DevOps is fast evolving further, and the new
environment of cloud-native settings that are complex in nature also poses major security risks. Securing DevOps pipelines is
crucial for several reasons:

1 Increased Attack Surface I

- Spiritedness and Adroitness against Safety -

1 Integration of Third-Party Components 1
-+ Continuous Changes and Updates I

1 Data Protection and Compliance 1

4 Impact of Security Breaches I

1 Cultural Shift Towards DevSecOps I

-+ Mitigation of Insider Threats I

Figure 2: Importance of Securing DevOps Pipelines

a) Increased Attack Surface:

DevOps tools are designed to build a workflow through different phases of the software development SDLC, such as
commits, build, deployment, and monitoring. Every phase brings new risks that concern security and are likely to be taken
advantage of by the attackers. The addition of multiple common and unique tools at different stages of the pipeline and extensive
usage of third-party dependencies and integration points was identified, which implies that stronger security should be
introduced at each stage.

b) Spiritedness and Adroitness against Safety:

DevOps can be said to be the practice, process, and cultural model of software development that aims to refine the
delivery processes. Even though this high speed and agility increase responsiveness and efficiency, it is very dangerous to
security if it is not well controlled. Sprints require product deployments to happen at a quick pace, and often, there isn't enough
time to dedicate to security testing and reviews, thus allowing vulnerabilities to be slipped into the production cycles. Correct
coordination between time and security is one of the most important features of a secure DevOps pipeline.
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¢) Integration of Third-Party Components:

Due to the fact that contemporary DevOps pipelines employ numerous auxiliary facilities, such as libraries, frameworks,
and services, it is advisable to a certain extent. These dependencies, if not reviewed, can sometimes pose a security threat that
can lead to vulnerability or the presence of malicious code. It is always critical to establish third-party components' sources to
incorporate only safe software into the pipeline, so dependency scanning must be automated and performed regularly.

d) Continuous Changes and Updates:

Thus, DevOps focuses on frequent integration and deployment of the code, which means that the software code changes
more often. Every change creates new risks or threats to the security controls put in operation to protect the organizations'
information systems. Applying security as a continuous process through the use of automated security testing, code review, and
other techniques helps identify the newly introduced codes as risky before going to the production system.

e) Data Protection and Compliance:

Almost every organization deals with confidential data or data containing personally identifiable information (PII) or
financial information in the DevOps pipeline. Preserving this data is as crucial for itself as it is for data protection against leaks
and to meet the legislation and business standards, including GDPR, PCI-DSS, HIPAA, etc. The reasons for maintaining compliant
DevOps pipelines belong to the quest to prevent undesirable exposure of sensitive information and facing legal and financial
consequences.

f) Impact of Security Breaches:

A security breach of the DevOps pipeline can also pose significant risks due to the vulnerability of data, a threat to access
systems and a negative impact on the reputation of organizations. For instance, weak or stolen credentials or flawed code can
result in applicative and structural invasions or attacks. Security measures applied at this stage effectively minimize such cases
and provide the detection of such attempts and their immediate prevention.

g) Cultural Shift towards DevSecOps:

While organizations are going with DevOps, there is a realization that security has to be part of the development cycle,
hence the creation of DevSecOps. This cultural change focuses on the practice of security measures at each stage of the
DevSecOps cycle. Integrating security into the DevOps process enables organizations to have measures that focus on security
mishaps before they become severe problems.

h) Mitigation of Insider Threats:

DevOps pipelines are flexible and can invite multiple labor groups into one pipeline, so they are susceptible to insider
threats. Another important factor is the use of managerial procedures, such as RBAC and monitoring tools, to control and limit
insiders' access to critical resources in order to minimize the threat that insiders can pose threats to the company. Access
management prevents people in an organization who are not supposed to be able to make changes or actually deploy code from
doing so, thus safeguarding the pipeline.

C. Current State of Security in Cloud-Native Environments:

The continuous delivery of applications using cloud-native solutions such as microservices containers, as well as the
dynamic orchestration of services such as Kubernetes, has changed the way services are deployed. Being highly scalable, flexible,
and efficient, these technologies have brought up issues related to the protection of cloud-native environments, which are being
launched in organizations nowadays. [9] Understanding the current state of security in cloud-native environments involves
examining several key aspects:

a) Complexity of Cloud-Native Architectures:

Cloud-native settings are defined by intricate, dispersed topologies that may consist of many microservices, containers,
and orchestration entities. This creates several possible weak points or, at the very least, points of maximal vulnerability. For
instance, it is possible that every microservice and container will have its own set of security needs, and these layers of
complexity bring about the relations of security complexities. The prevention and control of these different parts thus need
elaborate plans and measures which will allow for the protection of all the constituent elements of the environment.

b) Container Security:
Application containers are lightweight and portable in nature, which is why applications are increasingly being launched.
However, multiple issues have still not been ignored, such as container security. Containers are not invulnerable since containers
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arise issues of insecure images, dated dependencies and misconfigurations. Some of the secure measures that can be undertaken
in containers are Trusted base images for containers, regularly updated and patch images, Vulnerability scans and Runtime
protection for images. However, such practices are challenging to use because containers' nature remains dynamic, and the
inherently repetitive nature of deployments can impede security measures.

¢) Dynamic Orchestration Platforms:

Kubernetes themselves are significant for the orchestration of containerized applications and solutions. Such tasks include
scaling, distributing the load for applications, and deploying the applications. As a result, they bring other security challenges,
such as the control and handling of access rules, inter-component encryption, and configuration security for orchestrations. To
achieve proper security measures for orchestration platforms, various recommendations include the correct implementation of
the access control policy of the network and performing a security assessment on the orchestration platform itself.

d) CI/CD stands for Continuous Integration and Continuous Delivery and is a security process:

CI/CD pipelines are standard in cloud-native environments because they enable the swift deployment of the applications.
But at the same time, these pipelines can be attacked if their safety and security are not provided. Some of them could be the
importation of malware, an attacker infiltrating a build or a deployment process, or leakage of information. CI/CD security
entails incorporating security measures into the pipelines in a manner that provides feedback on the presence of common
vulnerabilities at early stages before code is deployed into the production stages; the feedback may include the application of
static code analysis, dependency scanning and scanning of containers, among others.

e) Identity and Access Management:

Having proper user IDs and access control is vital within conventional and especially cloud-native environments to allow
the right user and/or services to have the appropriate level of permissions. In cloud-native structures, IAM involves
implementing permissions at every level of software components, containers, microservices and the orchestration platform.
RBAC, extent access controls, and excellent password security minimize the danger of malicious actors within an organization
and, hence, the role of an insider threat.

f) Data Security and Privacy:

Cloud-native environments are used to work with data which can be personally identifiable information, meaning that the
protection of the data and enforcing subject access rights are common practices. Encryption is used to secure data in a database
during transmission, data storage, and data transfer, as well as adhere to the rules of data protection. Cloud-native architectures
mean data might be scattered across various services and locations; thus, constant monitoring and proper security measures to
protect it from unauthorized access are critical for businesses and passive compliance with data protection legislation.

g) protection and identification of events:

Security threats constantly evolve in cloud-native environments, which is why constant monitoring and handling of
secure incidents are critical. Supervisor gadgets capture information from different sources of the system, including logs,
metrics, or traffic, in order to detect possible cyber threats. The organization's planning for managing security breaches contains
measures for the identification, response to, and resolution of a security threat, as well as recommendations for improved
positions in the future.

h) Compliance and Regulatory Requirements:

Companies that are actively working in the cloud-native environment have to constantly meet different compliance and
regulatory standards like GDPR, PCI-DSS, or HIPAA. In compliance, one has to employ security controls that are responsive to
the set regulations, another aspect is establishing and enforcing compliance audits, and the final aspect is
documentation/evidential supporting compliance. Hence, these compliance requirements have to be built into cloud-native
environments' compliance with security models to escape legal and financial repercussions.

i) Evolving Threat Landscape:

Cloud-native environments and the threats acting on them are not static; new threats, new attack vectors, and new
methods to exploit already present ones are being discovered on a constant basis. Hence, it is crucial to enhance security
practices to observe the occurrence of these threats and update the security procedures more frequently with advanced security
risks. These new types of threats are impossible to fight if they are not already known to the leadership of the organization. Thus,
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organizations need to be keen on identifying new threats to ensure they prevent them from affecting their organization's cloud-
native environment.

II. LITERATURE SURVEY
A. Overview of DevOps Security Challenges:

Several important issues arising from the notion of DevOps security are widely described in the literature, which shows
several challenging problems that organizations have to solve en route to integrating security into their development and
operational cycle. Such a model is complex to maintain, inter alia, due to the problem of constantly monitoring the environment
to identify threats and respond to them in real time. The main reason why the monitoring process has to be as continuous as
possible is that it is the only way to monitor it constantly for compromises and fix them before they deteriorate into threats. [10-
12] Another major problem is the extension of security within the CI/CD methodologies. Most of these methods have not been
well integrated with security methods in pipeline integration. Most traditional security practices are actually a hindrance to the
process of development as they slow it down. Thus, security tools that can be integrated into CI/CD pipelines must be required
while not sacrificing the speed that the DevOps entity is aiming for. Another major task is the management of secrets and
credentials, as it is critical to secure and protect different information to avoid unauthorized persons' access. DevSecOps is the
solution to these challenges that point to the integration of security measures in every step of the DevOps process. The authors of
the studies stress what is called "Shift Left," meaning that security matters should be implemented not only during the last phase
of application development (deployment) but also during code development and even reviewing phases. That is why it is more
effective to include more activities during the SLC and follow a proactive approach in order to reveal and minimize the threats at
the initial stages, thereby preventing their usage for violating the security of a software product.

B. Cloud-Native Security Concerns:

New opportunities that cloud-native environments have brought to DevOps practices make the process of protecting such
pipelines even more complicated. Containers and microservice architecture were also introduced to provide more flexibility and
scalability in handling applications, and a larger attack surface was introduced as a result. Bits and pieces of applications,
including their dependencies, are packed in containers, hence making outdated or insecure container images vulnerable. The
state of affairs, in its turn, points to the fact that one of the major threats is associated with container images with network
vulnerabilities that might serve as entry points for attackers. Moreover, the continually changing and implemented infrastructure
of cloud-native applications that come from new approaches of orchestration with the use of Kubernetes or other tools brings
new risks regarding configurations and connection to the systems. Kubernetes itself, when misconfigured, can open applications
to attacks, for example, through incorrect network policies in the clusters or wrong secret management. The issues of
configuration and protection mentioned above are additionally amplified by the necessity to provide proper network separation
and safe channels of communication for microservices. While the sources are consistent in pinpointing cloud-native security best
practices, such practices remain different from the traditional security measures stipulated for conventional environments: the
base registries should be minimal, the container images should be scanned for security risks in a timely fashion, and the
Kubernetes resources should be secured as well. These practices are useful in minimizing the attack vectors in addition to
guaranteeing that the cloud-native infrastructure is implicitly secure against the new threats.

C. Integration of Security Tools:

Thus, incorporating security tools and security frameworks into the DevOps cycles is critical to responding to all the
security concerns that arise due to the modern progressive approaches to developing software. Several techniques have been
suggested to improve DevOps security, and they aim to protect the different stages of the DevOps processes. For example,
security tools for containers, such as scanners for the images of containers like Clair and Trivy, are important in identifying
vulnerabilities in most containerized applications. These tools run on the base of container images, and they search for security
threats that have been seen earlier. Security scans and analyses, particularly Infrastructure-as-Code (IaC), therefore, play an
important role in ensuring the detection of incorrect configuration and compliance with security policies in IaC templates.
Checkov and Terraform are some of the tools that check IaC templates against security measures and compliance policies,
therefore ensuring that the infrastructure is well-secured. Automation tools for CI/CD pipeline include Snyk, WhiteSource, and
others, which check for security and vulnerability clearance at the time of build and deployment. The literature focuses on
security testing as an automated process and constant so as to prevent the emergence of cases where a certain application or
component is released into the production environment without security tests being conducted or with clear instances of lapses
in security standards. Thus, by adopting these tools into the DevOps cycle, firms can have a better security structure and
decrease the exposure of a security breach in their organization.
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D. Best Practices and Guidelines:

The following have been found from the literature that explains some of the best practices and guidelines that can be
implemented by organizations for improving the security of DevOps pipelines. Among them is the policy that calls for the use of
the principle of least privilege in the management of accesses. This entails limiting the access of users and the services by just
enough privileges that they will need to undertake their activities so as to minimize loss due to account compromise. Another
important practice relates to security audits, which should be carried out on a regular basis because they assist in identifying and
correcting security risks. Such a process should cover both the audit, where the program runs through the code line by line, and
the scan, where a tool checks for vulnerabilities in the code. The final one is secure coding practices, which also play an
important role in avoiding the introduction of vulnerabilities during coding. Measures include input checking, good handling of
exceptions, and the usage of secure libraries and frameworks in the development of the code, which can minimize security
vulnerabilities. CSA and OWASP are some organizations that offer pointers on best practices and structures for securing native
cloud applications. For instance, the CSA launched the Cloud Controls Matrix, a catalog of security measures applicable to the
cloud, and OWASP, which has a list of ten main risks in terms of security and tips on how to deal with these risks. Thus,
following these rules is important for organizations that want to set up a proper security environment for their DevOps pipelines
against a number of threats.

III. METHODOLOGY
A. Security DevOps & SBD:

Security by design is another preventive measure that is implemented right from the onset of the software development
process in order to achieve the goal of making security a central part of the SDLC. This comprises measures such as secure
coding because developers put in measures that ensure that code is less susceptible to attacks. It is done on the basis of code
reviews at different stages of the project to detect security issues and fix them.

B) Security by Design Process:

Secure Coding Practice

\/

Code Reviews

N/

Static and Dynamic Analysis

N/

Threat Modeling

\/

Risk Assessments

N/

Security Testing

Figure 3: Security by Design Process

a) Secure Coding Practices:

Adopting secure coding methods enables developers to create applications that are less likely to have those common flaws
and qualities that hackers target. It starts with Input validation, which involves checking and cleaning all the inputs likely to be
used in injection, such as SQL injections and cross-site scripting (XSS). Another important process is Proper Output Encoding
because it can also avoid transforming output to executable code in Web applications, causing various injection attacks. Ditto for
the first one, and the only additional thing that is done in this respect is to minimize the risk of exposing sensitive information
through error messages since these are cunningly helpful to the attackers. Also, secure Authentication and Authorization
processes for secure access to resources are incorporated to minimize the possibility of gaining unauthorized access to limited
resources. Following these secure coding practices helps a developer greatly improve the security of any developed application.
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b) Code Reviews:

Code reviewing is one of the essential steps and is aimed at preventing the risk of having unsafe code in production. Peer
Reviews are used where the other developers look at the written code to identify the security holes and recommend how it can be
made stronger with the help of other brains. Automated Reviews utilize tools such as SonarQube and Checkmarx in order to look
for known vulnerabilities and code standard infractions. Hence, it has orderliness. Further, the Security Review Checklists are
used to make the reviewers pass through a definite list of points concerning security aspects, which will minimize the probability
of missing out on some crucial aspects of security. All these practices aid in the prevention and control of security threats and
vulnerabilities that are predisposed in the development phase, thus helping the overall security of the application.

¢) Static and Dynamic Analysis:

Static and dynamic analysis are methods of identifying security flaws that exist in the product at design and runtime,
respectively. Static code analysis is a type of assessment where an application's source code is studied but not run in a bid to
identify defects such as insecure coding practices and or inherent weakness in the program. These analyses are conducted by aids
such as SonarQube and Fortify and are used to present reports on the quality of code and security. Dynamic analysis involves the
examination of the running program to check for holes that are only visible when the program is in use. This kind of test done in
real-time using tools like the OWASP ZAP and Burp Suite serves as an auxiliary test that will complement where the static
analysis failed to deliver in the assessment of the application's security.

d) Threat Modeling:

Threat modeling is a business-oriented process that identifies and categorizes threats and vulnerabilities related to the
system. The first activity is known as Identifying Assets, where information asset owners specify the elements or components
that require protection, such as sensitive information and crucial system components, among others. Following this, identifying
threats includes the assessment of threats and ways that the attackers can penetrate the system. This is succeeded by validating
threats, in which the system vulnerabilities that can be used by the identified threats are established. Last of all, the Mitigating
Risks section consists of defining actions that would help to address the outlined risks, such as applying security measures and
standards. Threat modeling also enables one to prevent issues that would hinder the security of the system, thus enhancing
security.

e) Risk Assessments:

Alone, risk analysis is ascertained to determine the possibilities and consequences of security risks before applying the
proper measures for addressing them. Risk Analysis requires identifying broad risks and dangers that may be threatening the
system. This is then succeeded by Risk Analysis in which the number of points for each of the identified risks is estimated along
with the extent of harm that may be caused in case the risk materializes. Risk Evaluation sorts these risks depending on their
possible impact and likelihood, making it easier to identify the essential problems. Last, risk mitigation entails introducing
preventive measures to minimize and eradicate the aforementioned risks, including the installation of security patches and
tweaking security parameters. This systematic approach to risk management helps in simplifying security management by
focusing on critical issues only.

f) Security Testing:

Testing of security is done in order to check the efficiency of the security and to find out the open security flaws.
Penetration testing involves imitating or modeling attacks on the system, with the aim of discovering the strengths and
weaknesses in the system's security framework and disaster recovery plans. Vulnerability scanning employs the use of software
that seeks out, identifies, and documents known flaws in the system, which can be used to provide a list of probable security
problems. Security Audits can be defined as the comprehensive examination of the system's security status to determine
familiarity with security policies and standards. Thus, by performing such types of security testing, organizations will be able to
assess the efficiency of the security measures and, if necessary, eliminate the remaining loopholes before the deployment of the
application. Further, both static and dynamic analyses are used to find vulnerabilities in the code base. Tools like SonarQube
Checkmarx do not run the code but work on the codebase and point out possible security flaws like coding mistakes fulghers.
Dynamic analysis tools like OWASP ZAP and Burp Suite analyze the working of the application and look for vulnerabilities that
are not noticeable in the compiled code. Risk analysis and threat profiling are also critical; they help ascertain the amount of risk
that may be exploited during application development.
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C. Securing CI/CD Pipelines:
a) Automated Security Checks:

Automated security is a concept that is represented by the handling of the security instruments and measures in the CI
and CD pipeline with the aim of identifying the vulnerabilities during the initial stages of an application. [13] These checks can be
categorized into several types:

i) Static Code Analysis:

This often arrives to test the code, sometimes with no intention of running it, only to discover inherent flaws,
programmers' errors, or policy transgressions. Firstly, modern instruments, such as SonarQube, Checkmarx, and Fortify, analyze
the code and decide the weak spots through which the attackers may influence the system. Application of QA/CQL in the
framework of CI/CD entails that codes are scanned for any vulnerability, and cannot be merged to the principal code repository.

ii) Dependency Scanning:

In modern applications, such things as third-party libraries and dependencies are also involved in the execution. Some of
the said tools, such as Snyk or OWASP Dependency-Check, look for open vulnerabilities in these dependencies, and the use of
depreciated versions is also scouting. The dependency scanning can, therefore, be integrated into the CI/CD measures so that the
developers can detect these vulnerabilities in the third-party components before the applications hit the market [21].

iii) Vulnerability Assessments:

Concerning the current state, one can refer to the appraisal of security threats in the application and the recognition of
the weaknesses of the employed security. Two tools that can be installed and run on the system in order to assess or check the
security of the system and poke holes in the application are Nessus and Quays. The inclusion of vulnerability assessments into
the CI/CD pipeline assists in calling attention to other security risks that are hard to detect using such forms of standard
practices as code scans and dependency checks.

Static Code Infrastructure Role-Based Monitoring
Analysis B Configuration | Access Control B Tools
(RBAC)
- Multi-Factor Incident
Dependency Pipeline L
Scanning = Configuration —{ Authentication | Response
(MFA) Plans
Vulnerability _| Environment | Secret | Automated
Assessments Isolation Managemen Alerts

Figure 4: Securing CI/CD Pipelines

b) Secure Configuration Management:
The final practice embraced by Secure Software Configuration is the final action of ensuring that starting from CI/CD
pipeline creation up to this point, the used configuration is secure and enshrouds the best security features. This includes:

i) Infrastructure Configuration:
Verification of conformance of infrastructure setup regarding whether they're coded in IaC or not. Some, like Terraform
and AWS Cloud Formation, can be programmed to enforce security and point out any pre-configurations.

ii) Pipeline Configuration:

Security within the CI/CD pipeline of the application by setting proper user rights for an application, defining secure
variables, and provisions against hard-coded secrets. In addition to that, pipeline configuration must be checked and verified so
that none of the pipelines are opened up for unauthorized traffic, and control /security measures have to be implemented.
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iii) Environment Isolation:

When going to chop up the structure, one cannot afford everybody to have access to the testing phase as well as the
development phase, or the production environment. This entails having two or more separators for CI/CD processes; that way,
there is no infection with security threats in the development phase that affect the production phase.

¢) Access Controls and Authentication:
It ensures that only the authorized user can make modifications to the CI/CD pipeline as well as any other associated
structure provided by Access Controls & Authentication. Key practices include:

i) Role-Based Access Control (RBAC):
To increase the level of security, one can use RBAC policies, enabling the restriction of access to certain data according to
the employees' roles. This enables users and services to privilege or authority as and when necessary, required or appropriate.

ii) Multi-Factor Authentication (MFA):
MFA is used for CI/CD tools or CI/CD environments to extend the security level of the applications. MFA, on the other
hand, is characterized by the use of a number of factors to authenticate the user, thereby reducing the likelihood of intrusion.

iii) Secret Management:

Securely storing/migrating/credentials like API keys that are useful when doing Continuous Integration and continuous
delivery. Some of the choices that may be included are HashiCorp Vault and AWS Secrets Manager to protect the secret data from
exposure in source code or configuration data.

d) Continuous Monitoring and Incident Response:
Continuous Monitoring and Incident Response encompasses monitoring the CI/CD pipeline and, perhaps more
importantly, the active environments for threats and responding to them. This includes:

i) Monitoring Tools:

Security tools for monitoring and detection, log analysis for monitoring the CI / CD processes and security environment
and tools for data visualization like Prometheus, Grafana and ELK stack, among others. Thus, continuous monitoring helps
identify quartetary along with threats and risks as they develop.

ii) Incident Response Plans:

Develop scenarios of managers' actions in the event of any security-related occurrence and finished recipes of actions in
the form of prepared templates. This includes deciding on the measures to take to identify threats, prevent their spread, rectify
the problem, and analyze the impacts of security breaches.

iii) Automated Alerts:
Implementing alerts that will be able to notify the security teams any time such activities or security infringements are
detected. Its alerts are important in constructing a quick assessment of an invasion of security.

D. Container Security:

It is crucial to protect the container as it shields applications running in the specific segment of the container
environment, such as Docker and Kubernetes. Disadvantages of containers include the fact that they have weak security
measures even though they are advantageous concerning lightweight and resource utilization. Every step in the container life
cycle, starting from the image creation and deployment to the runtime is endemic to preserving applications' integrity and
confidentiality.

a) Image Security:

Image Security is all about confirming the safety of the container images that contain the applications. Trusted Base
Images should always be utilized; that way, getting the images from a trustworthy source and repository does not allow
malicious code or vulnerable frameworks to go unnoticed. The official images from Docker Hub or similar trusted sources should
be used because the community or vendors constantly update such images. Another crucial component is that of Updating and
Patching, done on Images, to be regular as well. Container images need to be rebased from time to time and should include the
latest security update for known issues. Image scanners are some of the most important automated tools in this process.
Container scanning can be done using Clair, Trivy, or Anchore Engine to scan images before they are used. They offer reports
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through which problems can be detected and easily solved so that only secure images are deployed in production. Thus,
organizations can minimize risks linked with the use of container images and improve the security of their containerized
applications.

Image Security

v

Runtime Security

v

Container
Orchestration Security

v

Logging and
Monitoring

v

Security Policies and
Compliance

Figure 5: Container Security

b) Runtime Security:

Runtime Security is the aspect of safeguarding the containers in the course of their use to counter any risks. Another
important category is Runtime Protection Tools, which allow for the observation of the container's activity and the identification
of suspicious processes. Having applications like Falco and Sysdig secure, the system can easily identify any series of system calls
that are unusual and prevent or contain threats before they spread. Another essential practice is the Least Privilege Principle,
also known as the principle of minimal privilege. Containers should operate with the least amount of privileges possible, and the
volumes and mounts should not themselves run in privileged modes. This is done in order to limit the ability of a compromised
container to do harm by restraining its flexibility. There is also Network Segmentation, which involves containing foul containers
and regulating their interaction. Network segmentation and network policies should be used to limit the flow of traffic to
interaction necessary for an organization's business functions and processes while limiting the possible movement of the attacker
within an organization's network space in the event of a breach. They all sum up to provide strong runtime security as far as the
containerized environment is concerned.

¢) Container Orchestration Security:

The speciality named Container Orchestration Security deals with the security of the container deployment and scaling
platforms, such as Kubernetes. Orchestration platform security specifically refers to the processes aimed at making the
orchestration platforms secure. This entails controlling the access to the orchestrator, protecting the communication links, and
applying security updates on the orchestration platform. Both the concept of Access Controls and RBAC are necessary to control
and limit access to orchestration resources. RBAC policies must be set up to restrict grants based on roles and duties such that
only the rightful personnel can modify or access the relevant resources. Another essential aspect is Network Policies; they
regulate the interaction of containers and services on the orchestration platform and define the necessary security parameters of
the former. Thus, adhering to the above approaches will go a long way in increasing the security of the container orchestration
platforms, hence leading to the protection of containerized applications.

d) Logging and Monitoring:

Logging and monitoring are mainly used for violating event detection and the security of the containerization
environments in this case. An example of the adopted process is Centralized Logging which involves the compilation of records of
the applied containers and brother platforms to analyze the identities of the executed containers and security occurrences. Tools
like ELK (Elasticsearch, Logstash, and Kibana) or Fluentd are used to deal with or process logs and the Security operation center.
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Monitoring Solutions are based on Prometheus and Grafana to analyze the state of the containers and the possible threats
present. Various solutions present the state concerning the health and usage of containers and possible threats that are present.
Alerting and response discuss the establishment of alerts based on security events in the logs and data identification in the
analysis phase. Incorporation of preventative measures on security incidents ensures that threats are recognized in the shortest
time possible and action is equally taken to counter tension. The practices also help because there is always supervision and
constant monitoring of the containerized environment, making it easier to detect security threats.

e) Security Policies and Compliance:

The Security Policies and Compliance section includes the specific measures for managing the security policies of the
containerized locations and ensuring compliance. Security policies should be implemented on the use of containers, policies for
creating images and deploying containers, and measures to be taken during their running. Such policies and procedures must be
properly documented and disseminated to various organizational units to properly apply the security measures in place.
Compliance Standards check ensures that the containerized environments conform to the standard checking measures, which
include PCI-DSS, HIPAA, or GDPR. The key issues pertaining to compliance are often spotted and rectified through scheduled
audit and assessment check-ups. Security Awareness for developers and Security Operation Awareness for the operation teams
are important so that a healthy security culture actively encodes security practices and policies. Through these practices, it is
possible to ensure that an organization has a secure environment for the container and fulfills all the regulatory standards.

E. Infrastructure-as-Code (IaC) Security:

Infrastructure as code is the transformed way of dealing with and supporting infrastructures since it deploys resources
through code. This approach has many advantages over the old ways of handling infrastructures: it yields much better and more
predictable results; approaches from standard practices more often use CIs. But at the same time, it also introduces new threats
of insecurity that have to be controlled to ensure the secure inception and operation of structures. Luckily, there are various
measures and procedures when it comes to securing IaC that will help decrease these risks and ensure that the provisioning of
the infrastructure is secure.

Automated Security Checks
Enforcing Security Policies
Detecting Misconfigurations
Version Control and Change Management
Secrets Management

Monitoring and Auditing

Figure 6: Infrastructure-as-Code (IaC) Security

a) Automated Security Checks:

The automated Security Check is necessary to identify the settings problem and other operational problems that can exist
in the IaC script before applying them to the infrastructure. Therefore, including the implemented code scanning tools in
conjunction with Terraform and AWS Cloud Formation is feasible to scan the particular reserve against standard security checks
and all other compliance checks. For instance, Checkov, TFLint, and AWS Cloud Formation Guard are tools that can be used to
scan IaC templates to identify security issues or even non-conformance to the organization's policies and standards. These
automated checks help detect possible security vulnerabilities when the sources of the newly created infrastructure are designed,
thus reducing the chances of installing graphics that contain certain security loops.

b) Enforcing Security Policies:
Security Policies are useful in ensuring that the IaC deployments meet security policies and standards implemented in an
organization. IaC tools support a manner through which policies can be administered when the configurations are being
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implemented to avoid having insecure configurations set in the system. Policy as code solutions that include OPA and Sentinel
can be used to set security policies for IaC scripts. These concepts help derivate security specifications for these organizations and
integrate the policy scan process into the release process. Policies may be implemented to enforce compliance, meaning that
infrastructure has to be provisioned in a certain manner, at the very least.

¢) Detecting Misconfigurations:

It encompasses identifying configuration workflows that may expose a structure to security threats, common
configuration mistakes, and misconfigurations. Defining the recipes is done via IaC scripts, and simple mistakes or omitted
details can result in vulnerabilities. Some of the tools include Snyk, Palo Alto Networks Prisma Cloud, and Red Hat Insights,
among others, and they are capable of scanning IaC templates and processed infrastructure for misconfiguration and
vulnerabilities. These tools offer solutions for handling problems, such as open security groups or broad IAM roles. By efficiently
making sure that the configurations are correct before they are deployed, organizations are able to mitigate the risks of such
breaches and thus have a secure Infrastructure environment.

d) Version Control and Change Management:

BRM-02 Version Control and Change Management should be used to manage changes to IaC scripts. The integration of
version control systems like Git gives the teams a method to track the changes and review the code that has been done. Any
changes made to the IaC scripts should not just be made directly, and this should follow some of the best practices, including
code reviews followed by change approvals, among others. It is useful because it prevents a haphazard, unconsciously reckless
approach to changing the infrastructure and provides mechanisms for investigating each change for security consequences. More
usage of the GitOps concept should improve the management of IaC since it will be more closely associated with the changes
made in Git processes, establishing an instance of change record and constant security review.

e) Secrets Management:

Securities management is crucial when implementing, mainly regarding API keys, passwords, and encryptive keys applied
in IaC scripts. Writing secrets in plain text in IaC scripts is a serious security issue and may lead to information leakage. Thus,
adopting vulnerability-free secrets management solutions, such as HashiCorp Vault, AWS Secrets Manager, Azure Key Vault, and
others is necessary. In this safe storage solution, the IaC scripts can also be programmed in such a way that in the times that the
secrets are going to be used, they will be fetched centrally in a way that the exposure of the secrets is significantly reduced in a
way that when being used the secrets is well handled.

f) Monitoring and Auditing:

Supervision and reporting are about continuously monitoring IaC for the violation and/or the response to a security
event. Certain monitoring tools can be configured to send updates to groups on certain configuration changes or differences.
Updating the changes and operations in the IaC environment is done through the audit logs, allowing the teams to check the logs
to identify security issues. To say the least, it is vital to understand that monitoring and auditing enable organizations to have an
insight into examining their IaC deployment so that they can detect security incidences and contain them in the shortest time
possible.

F. Continuous Monitoring and Incident Response:
a) Continuous Monitoring:

The last type of security monitoring is the almost real-time consolidation whereby; collecting, analyzing and checking
security information occur simultaneously to respond to the threats. [15] This is the proactive approach that can take part in
forming such parameters as weak signals, threats and attacks, but, as it was said, threats can be brought to a minimum. Key
aspects of continuous monitoring include: Sub processes of the continuous monitoring are as follows:

i) Monitoring Tools:

e Prometheus: Environment management and nosing system that is powered by open source focus point on reliability long
span is the main aim of this system. Prometheus assembles outcomes through the infrequent creation of targets and
framing and sharing rules, and when some condition or instance occurs, an alert is triggered. It is rather favorable
concerning inspecting infrastructures alongside their applications in real-time settings.

e Grafana: An application that manages tools such as Prometheus, Elasticsearch, etc., all play a role in visualizing the data
in the chart. In many teams, metrics passing through different instruments that convey data must be clear and
conclusively searchable in problems, which is optimally done in Grafana.
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e FElasticsearch: Engine to be deployed in the distributed environment so that it should be capable of searching for data and
data analysis that would satisfy the real-time big data consuming stations. Yet, it is combined with Logstash, which will be
described later as the data acquisition and analysis phase. It is collectively called constituents of the ELK Stack, commonly
used in logging and monitoring. It helps create an index of the log data in which one can search for patterns or anomalies
to analyze.

ii) Data Collection and Analysis:

The degree of effectiveness is noted concerning the primary aspects, which include the constant analysis of the application
logs, systems, network traffic, and alerts from the security system. All of this is very useful in finding various kinds of patterns or
abnormalities that may indicate a security threat.

e Real-time Visibility: It is a strong weapon that offers tangible details with references to a particular system's operation,
resource consumption, and security occurrences in the network. Thus, by collecting and analysing data

e Anomaly Detection: Solutions are intended to track the collected data with the help of using complex algorithms like, for
instance, machine learning and statistical analysis in search of certain abnormalities. These might include indicating
possible security events, such as intrusion, enhanced levels of traffic, or perceivable change in the behaviour of some
systems.

b) Incident Response:

Incident response is quite an official methodology for protecting an organization's digital perimeters, with a primary
concentration on containing a security incident. The incident response is a properly documented prevention plan because that
response plan is executed when the threats appear in the organization. Key components of an incident response plan include:
The following is a breakdown of elements of an incident response plan:

i) Incident Detection and Identification:

The first level of managing any security incident is to determine the particular security incident that was encountered. As
for the applications useful for this phase, continuous monitoring instruments can be useful for providing information on the
thresholds and the anomalies. This means the security team must decide whether the created alert represents a real security
event.

e Alerting Mechanisms: Prometheus, together with Elastic search, will notify about the violation of some conditions. These
alerts can be submitted via other media, including mail, the application icon containing the alerts, pager-duty, or
opsgenie.

e Incident Categorization: When an incident has been noted, it is suggested that there is a way in which it can be ranked
depending on its size, reach, and type. This is advantageous when it comes to organizing the response to the incident and
balancing sufficient resources for its solving.

ii) Containment and Mitigation:

The general plan once an incident has been well identified and described would then be to address the effects of the
incident and prevent the incident from escalating. This includes withdrawing some accessibility privileges, halting the evil
process and restraining it so that it does not infect other areas.

e Containment Strategies: Measures vary with the type of breach that has happened, and some of the measures that may be
taken include removing the affected systems from the network, suspending the user account involved in the wrongdoing
and filtering the hacker's IP address. Therefore, it is to minimize the degree of harm and to moderate the threats of
additional exploitation as the end purpose.

e Mitigation Actions: Mitigation activities entail steep measures that aim to eradicate the source of the event and reverse the
impact area to its previous harmless state. This may include correction on vulnerable areas such as patching, isolation,
removal of malicious software, adjustment on security features or the backing up of systems.

iii) Eradication and Recovery:

Therefore, after containment and the subsequent mitigation process, there are other strategies that can be employed,
which are as follows: Disarming the threat and returning all the affected systems to their normal state. This phase eliminates any
evidence of a meter incident, and products offer confirmations on the status of all systems restored to their original state.
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e FEradication: "Elimination means eradicating the malware, closing the ports and ensuring that the spread of the threat is
stopped in the environment'. This could mean that the whole concerned systems and or logs have to be scanned in an
attempt to search for and rectify the remaining issues.

e Recovery: Recovery means getting the system back to its working state and guaranteeing that the systems are secure. This
covers checks, testing and scrutinizing to ensure that other systems are on and all other forms of check, testing and
scrutinizing for novelties of the remaining threats.

iv) Post-Incident analysis:

The inoculation process is an essential element of the incident response aimed at finding out what led to the incident and
how one might prevent such occurrences in the future. It involves the assessment of the event, the factors that contributed to it
and the efficiency of the response measures.

e Root Cause Analysis: Perform a cause and effect analysis to establish the causes of the occurrence of the incident in
question. Analysis of the root contributes to solving organizational problems and implementing measures to prevent
them.

e Lessons Learned: What can be taken as the company's best practices regarding the management of the incident? Are
there any challenges that the company can learn from the experience of the incident? This information should be used to
revise the incident response plan, security documents, and training material.

e Incident Reporting: This kind of report involves writing a report that captures the occurrence of the incident, the reaction
measures that have been put in place, and the consequences of the incident. After the completion of this report, the results
should be disseminated to the targeted stakeholders so that they may be utilized to enhance the picture of total security.

G. Role-Based Access Control (RBAC) and Secret Management:

Both RBAC and secret management techniques have to be integrated properly into an organization to control access to
some of the limited resources and/or credentials in DevOps. [16,17] RBAC also works on the principle of least privilege; it implies
that the privileges are only given to those users and services necessary to do a specific job. In turn, it decreases the risk area. On
the other hand, secret management focuses mostly on securing secrets, as would be illustrated by API keys, passwords and the
encryption key, among others.

RBAC policies are relevant to facilitate the right security measures concerning access rights in any organization. For
instance, Kubernetes RBAC allows an administrator to define which users or service accounts can have read and write
permission of a cluster or, in other words, the permissible actions on a cluster for users or service accounts. This makes it
possible for only those with high degrees of privilege to access the system and interact with such components in an effort to ward
off unauthorized persons. RBAC lowers the possibility of an organization's system getting changed due to a change or malicious
act by impacting the rights by segments, responsibilities, and roles.

Table 1: Role-Based Access Control (RBAC) and Secret Management
Tool Function Example Uses

HashiCorp Vault Secret management | Securely store and manage secrets

AWS Secrets Manager | Secret management | Rotate and manage secrets in AWS environments

Kubernetes RBAC Access control Define fine-grained access policies in Kubernetes

Sensible data management is done with the help of tools such as HashiCorp Vault and AWS Secret Manager. Vaults from
HashiCorp are a tool to store secrets securely, have processes to use them, and log the use of secrets. It also processes the
dynamic secret generation, which helps to shorten the credential's lifespan and enhance the protection level. AWS Secrets
Manager on the AWS environments offers assistance in the rotation, generation and storage of secrets and focuses on auto flush
of secrets to mitigate exposure.

By applying these tools and good practices when these tools and practices' integration and use are properly planned and
supported, organizations can significantly enhance the security of DevOps pipelines. It makes the keys well protected, the secret
updated, and only authorized people able to take action on the data at every stage of SDLC and deployment. Thus, the
systematization of measures to manage RBAC and secrets is required to maintain the integrity and confidentiality of the
applications when considering cloud-native applications to ensure that the concept of security is incorporated into the DevOps
process.
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IV. RESULTS AND DISCUSSION
A. Case Study 1: Securing a Microservices-Based Application:

In the given work, an application built using microservices and running on the Kubernetes platform was considered a
subject for investigating effective approaches to securing the system. Consequently, he identified three strategies that were
employed, namely container image scanning, runtime security monitoring and the policies of the RBAC that control the access.
These measures were critical to safeguard the application in a dynamic, distributed environment.

a) Container Image Scanning:

The application team used Clair and Anchor to scan container images for possible risky elements to be deployed. This
proactive approach also entails the use of these tools, which can be incorporated into the CI/CD tools to scan images on build.
According to the findings by the team, ensuring that the areas with weaknesses were checked early would ensure that the likely
problems with security would be solved before the images were to be put into production. Thus, it involved searching for known
vulnerabilities, obsolete software components, and non-secure configurations. The utilization of base images from reliable
sources also improved security by reducing vulnerability to integrating leaked or destructive code. To avoid the presence of a
vulnerable image in the cluster, every image was frequently updated and patched to the latest safety regulations.

b) Runtime Security Monitoring:

Security in run time was improved with tools such as Falco and Sysdig Secure, which continuously observed the
container's actions and flagged any abnormality. These tools were set to trigger an alarm when activities beyond the set security
parameters were noticed, such as break-in attempts, system calls, or network traffic. In a situation where the team can monitor
the behaviour of a container constantly, any form of irregularities would be detected easily, hence making it easy to deal with any
security issues that may arise. For example, Falco could give granular information on occurrences at the kernel layer, and Sysdig
Secure included a broad range of information on container stats and the application's security. Altogether, these tools allowed the
team to be constantly aware of the application's security state, respond to potential intrusions, and check the integrity of an
application during its functioning.

¢) RBAC Policies:

RBAC policies were set up to follow the principle of least privilege so that the users and services, would entail only the
necessary authority to work. With Kubernetes RBAC, the team was able to define more specific rules of access that corresponded
to the needs and positions shown in the organization. This included naming and naming bindings that limited or granted the
rights to significant assets and procedures per the user's duty. For instance, developers were allowed only select namespaces for
the applications they were involved in, and only a small select number of resources were given administrative privileges. To
achieve this, the team restricted the control privileges of each user and service as much as possible, thus mitigating the problem
of insider attacks. This approach not only enhanced the security of the organization's information but also ensured that adequate
compliance with organizational policies and regulations was enhanced.

B. Case Study 2: Implementing Automated Security Checks in CI/CD Pipelines:

This paper, therefore, seeks to find out the actual large enterprise and then establish how this organization has been able
to integrate security scans into the CI/CD system. That is why the company intends to strengthen its security and increase the
tempo of the SD process, including measures such as SonarQube, Checkmarx, and Aqua Security. These tools were chosen
purposefully as they target different security aspects: Code checking review, dependencies, and containers. By linking these tools,
the firm was in a position to include checkpoints that would enable it to have near-total conformance with the required security
levels, hence reducing risks arising from weaknesses in the provided software products.

a) Static Code Analysis:

Therefore, in the CI/CD pipeline, SonarQube was integrated to ensure the quality of the code and check for security
threats. This tool was expected to function as part of a build process, which made it feasible to share feedback from the errors
embedded in the code with the developers immediately. What the team achieved with SonarQube was that SonarQube gave the
team numerous potential security issues, including but not limited to. However, all the mentioned problems can be solved if the
mentioned difficulties are identified in the initial stages of development so that the developers can delay the advancement of the
code, forming its definite shape. This not only saved the code base from a lot of vulnerabilities but also enriched the quality and
maintainability of the code. Since the analysis was being used through SonarQube, it meant that the projected vulnerability on
each of the commits had to be looked at in order to avoid having insecure code in the production.
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b) Dependency Scanning:

Regarding the third-party library, the dependencies were scanned by Checkmarx. Applications nowadays are dependent
on open libraries and other components. But, these dependencies can contribute to development in a short time and, therefore,
contain potential threats to security if effectively uncontrolled. Thus, the third-party components that might have been
integrated into the in-house software could be scanned with Checkmarx's dependency scanning features to determine the
existing holes. The tool offered reports on different kinds of vulnerabilities that had already been discovered and advised
developers on how they could be fixed or prevented. They were able to update or remove insecure libraries. Therefore, by
integrating Calastyx with the CI/CD process, the company guarantees that dependency scanning is made at every build to avoid
deploying applications with risky dependencies.

¢) Container Security Scanning:

The next tool engaged was Aqua Security for container security scan, whereby the container images used in development
were scanned to ensure that they did not have vulnerabilities before they were deployed. Applications can no longer be deployed
without containers nowadays as the latter has become the foundation of the contemporary application enforcement processes.
However, they also pose some level of risk when it comes to security, especially on the base images that they come with offers.
Aqua Security was incorporated into the CI/CD process to check container images for problems such as open Known
Vulnerabilities, misconfigurations, and policy breaches. This tool not only scanned the images before the deployment but also B
provided runtime protection to look for suspicious behavior in the containers. Possible additional steps were observed, such as
compliance checks carried out by Aqua Security to confirm that the containers complied with the industry norms and the
organization's policies. Thus, the enterprise would be able to deploy containerized applications by relying on Aqua Security for
security and compliance.

C. Analysis of Security Effectiveness:

The performance of the proposed security measures was evaluated in terms of several criteria, including the number of
security breaches, time taken to identify and prevent threats that may threaten the organizations' information, and the level of
compliance with the recommended security policies and best practices.

a) Reduction in Security Incidents:

Thus, due to the coordinated measures devoted to comprehending the security aspect, the number of security incidents
has decreased significantly. Particularly for the application that has been developed with the use of the microservices
architecture, the specific enabler that was considered to be essential is container image scanning as well as runtime security
monitoring. With the help of Clair and Anchore in image scanning, some vulnerabilities were found and fixed before creating
images used in the production environment, thus having fewer insecure images in the production environment. Furthermore,
runtime security tools like Falco and Sysdig Secure keep observing the container activities and flag any suspicious movement.
These proactively aimed at reducing vulnerability; therefore, within one year, the reported cases were reduced by forty percent.
This significant decrease in events speaks about the efficacy of the application of security measures at every stage of the SDLC
and the fixing of the potential dangers as timely and effectively as possible.

b) Detection and Response Time:

Implementations of modern pieces of software such as Prometheus, Grafana, and Elasticsearch greatly enhanced the
identification and reaction time to security threats. These tools ensured visibility of the system's activities in real-time, making it
easy for security to address incidents. Prometheus and Grafana allowed noticing system discrepancies and possible security
issues in their real-time occurrence. With the help of Elasticsearch, the log data was collected and analyzed as quickly as possible,
which would help in the identification of suspicious activities. Consequently, there was a decrease of 30% in the average time to
identify security threats; in addition, the time taken to contain and counter such threats decreased considerably. It must be noted
that with faster detection and response, the blow from security incidents was severely reduced, and many worldwide reported
benefits from system reliability and resilience.

¢) Compliance:

The embracement of automated security tools worked centrally in meeting the compliance requirements of industries and
legal systems. Some SAST tools used during the SDLC included SonarQube, Checkmarx, and Aqua Security. These tools
performantly scanned code, its dependencies, and the container images chosen for deployment to guarantee that all parts
matched a certain predefined security level. These automatic tools enabled continuous conformity with auditing practices like
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PCI-DSS and GDPR with security checks and annual assessments. Thus, the organization successfully ensured that the
compliance checks were done constantly in the CI/CD pipelines, which helped to minimize non-compliance penalties and
improve the trust of customers and stakeholders. The fact that compliance practices got automated was a double-edged tool; not
only did it ease the work, but it also ensured the adequacy of security and repo Carsrud & Carsrud, 1997.

Table 2: Security Metrics Analysis

Metric Before Implementation | After Implementation | Improvement
Number of Security Incidents 50 30 40% reduction
Average Detection Time (minutes) 20 14 30% decrease
Compliance Audit Score (%) 85 95 10% increase
100
80
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Figure 7: Security Metrics Analysis

D. Challenges and Limitations:

Despite the likelihood of the proposed strategies producing humongous returns, they may come with the following
challenges and limitations to improve efficiency. Current tasks are usually embedded in security tools, and it may even take a
long time before this method is incorporated. In some cases, this involves a lot of strategizing and synchronization, especially to
prevent disruptions in the concentration of current activities. Moreover, security tools and measures are always in a dynamic
threat domain, which is a good reason why the tools need to be regularly updated to be effective. This is the process of changing
its security policies, technologies, and settings at intervals and the nonstop education of the development and operations teams
on the most widely recognized security standards and threats. The next issue is the result of ongoing security scans, which
produce some performance overheads. They can impact the speed within the CI/CD pipeline and, hence, may require a balance
between security and speed.

Nevertheless, overhead costs such as scanned UDTs and selection of security Scan tools have to be managed effectively. To
overcome these challenges, it is therefore imperative that they take progressively improved and adapted approaches. Thus,
organizations should also lock down their DevOps pipelines so that the cloud-native surroundings of applications are safe. In
combination with the weekly monitoring and the reaction to disobedient incidents, presented strategies provide a sufficiently
high level of security and the ability to prevent threats and weaken vulnerabilities. The following are some of the main concerns
that are depicted in the attempt to obtain DevOps pipelines.

V. CONCLUSION
A. Summary of Findings:

This paper aims to showcase that proper security measures have to be integrated at every phase of DevOps to increase the
security of cloud-based systems. Another of the major findings of the research is that automated security checks are among the
most critical assets of a secure SDLC. The use of code scanning tools and other processions that assist in scanning pipelines for
various vulnerabilities and compliance for various stages of the pipeline also assists organizations in providing for possible
threats on the occurrence of those threats. The correspondence of continued monitoring is also very significant because it would
mean that the system status is frequently monitored, and one would immediately notice intrusion, which, when addressed
appropriately, eliminates it. Secure coding and configuration are among the most important since these are the basic controls
that should reduce the likelihood of new vulnerabilities in the organization's secure zone. Establishing the code standard, which
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includes security code reviews and owning tools like static and dynamic code analysis to maintain the software products’
security, is vital for the organization. Again, the study posits that secrets and credentials must be managed properly so that they
are not hacked and accessed by unwanted persons. The presented findings reveal that technical and methodological safety
considerations are necessary throughout the entire DevOps-Continuum and that the conceptualization of protective measures is
a significant starting point for effective security promotion.

B. Recommendations for Future Work:

As to what lies in the future, it can be twenty-twenty years from now that further development of cloud-native
ecosystems and the constant improvement of the DevOps methodology will call for constant innovation in the sphere of security.
Further studies should focus on enhancing secure cloud solutions for CN applications tailored to tackle security threats in CN
environments. This also makes it crucial to improve such areas as the security of the containers, the effectiveness and
expansibility of automated security scanning, and the possibilities for improved threat identification and containment. Also, new
technologies and methodologies demand constant improvement of security systems aimed at preventing new security threats
and gaps. These advancements will be made through collaborative efforts, especially from academia, industry, and open-source
communities. Also, to future studies, the work brings up two significant threads that should be investigated further: the
application of machine learning and artificial intelligence techniques for organizational security with predictive potential. Lastly,
future studies should aim to invest in tools' usability and integrate them within the DevOps process so that they do not add dense
layers to the process. In this vein, subsequent efforts will build on the study's findings and improve the security effectiveness for
businesses relying on cloud-native ecosystems, allowing them to counter novel threats.
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