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ABSTRACT: The increased application of cloud DevOps systems suggests a high and fine-grained access control
systems in order to guarantee confidentiality of the code-repositories, deployment pipelines, as well as privileged
identity set. The paper will be a review of the designed Role-Based Access Control (RBAC) models which are peculiar
to integrating Microsoft Azure DevOps and CyberArk privileged access management. We suggest a simple RBAC-
system that will coalesce the tiered roles of the Azure DevOps with the access control of the CyberArk vaults to enable
fined-grain authorization, automatic provisioning of the privileges and real-time audits. The structure presents a
relocating role mapping, condition sensing permission promotion and separation of duty execution and overcomes
common issues of multi-group co-operative setting. A model implementation prototype was created to test the model
and it recreated enterprise scale hierarchies of users, sensitive repository workflows. The availability of access request
latency, the correctness and breadth of the policy implementation enforced in order to meet the security requirements
are some of the evaluation measurements. One also demonstrates that the distributed RBAC system reduces the amount
of unauthorized claims by 72 percent, reduces the administrative load and responsible traces across DevOps pipes down
by 45 percent. The study also gives an indication of how the RBAC policies should be aligned with the organization
governance standards, best practices in the permission inheritance, the least privilege and cross platform
synchronization between the Azure DevOps and CyberArk. The analysis unveils the practicability of the practical
approach towards the attainment of hybrid DevOps settings; retaining both the operations agile. Future research will
look at more areas needed to improve adaptive RBAC applied on Al-based anomaly detection to further predict insider
threats.
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I. INTRODUCTION

The idea to cloudify the existing organizations has introduced additional cloud-native Single-use DevOps
environments, which provide continuous integration, continuous deployment (Cl / CD) pipeline and automated
processes that provide the next generation of what modernizes software and its delivery. An example of such
controlling believes that introduction of versions, pipeline configuration, artifact and monitoring should be controlled
has been prowled with the introduction of such tools as Microsoft Azure DevOps which becomes a vital skill where
such sharing of developments must be managed. These sites offer enormous security threats especially when it comes
to controlling user privileges, access control and sensitive credentials despite the fact that they are critical to ease the
work processes. Hackers, unjustified access and even insider threat of the pipelines by the DevOps can have
devastating consequences in the operations, loss of intellectual property and non-adherence to regulations. This has led
to the acute need to have a sense of urgency to make sure complex access control systems are available to provide
security to the DevOps ecosystems, without violating agility [1] [2].

Role-Based Access Control (RBAC) is a permission access control method, which is popular and appropriate to the
multifaceted IT systems [3]. RBAC can easily manage access by assigning permissions to roles and not to individual
users which ensures control of the access, organization policies and limit the chances of over-privileged accounts [4]. It
turns out, however, that the outdated RBAC designs have not allowed accommodating the dynamic workflows, cross
platform integration and privilege account control, which are the primary issues of the modern DevOps set-ups. In
particular, role hierarchies and project level access controls exist in Azure DevOps, but without a concept of strong
control of credentialed privileged access or fine-grained auditing of risky operations. Nonetheless, as one of the leading
Privileged Access Management (PAM) systems CyberArk can store the sensitive credentials safely, regulate and
manage them, so it erects access controls based on vaults, implements session-controlling, and rotates the credentials.
All these solutions partially can be applied to the security component, Azure DevOps/CyberArk integration can be
evolved into a complex system that will be stimulating both functional and functioning requirements [5] [6].
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Though it might have some advantages, the integration of RBAC across DevOps and PAM can be faced with a number
of challenges. One of them connotes, what it ought to be consistent in the definition of the roles between systems that
the defined roles in the Azure DevOps will be tabulated in the policies adopted in the CyberArk. The under-fitting can
either exaggerate the privileges or not incorporate in to the negative outcomes of the developmental process. One of
them is that the principles of the separation of duties (SoD) and the least privileges cannot be practiced in the
dynamism environment, where the users can choose to change their roles at any moment or, temporarily, may require
some extra permissions [7]. In addition, the auditing of cross-platform and compliance reporting of the two systems are
also difficult with recording events in each system being different and hence it is not easy to track accountabilities.
These obstacles highlight the importance of having a unified RBAC that will make it possible to dynamically map the
roles, contextual permissions and dynamism in the environment of the Azure DevOps and CyberArk [8] [9].

The emerging research and business literatures have suggested the applicability extension of the previous forms of the
models of RBAC to the cloud and the DevOps environments. The possibility of uncontrolled privileges has been
revealed to be one of the major causes of the high percentage of successful security breaches in the software supply
chains hence the necessity to enforce identity and access administration (IAM) on top of the pipeline security. Subset
extensions of the classical models also feature RBAC models that differ in that they: assign roles dynamically,
deterministically decide on access based on the current situation under consideration and automatically revokes or
grants privileges. The combination of role description based on hierarchical roles, policy-driven access and credential
vaulting provides these models with an opportunity to reduce the administrative overheads, enhance the security
visibility, and enhance compliance. These models would also be effective in enterprise DevOps setup to have
developers, testers, and operations personnel liaise smoothly without the dangers of the privileged access [10].

The study above will probably produce a refined RBAC system, which will be customized in the integrations of the
Cloud environments: Azure DevOps and CyberArk. The suggested scheme focuses on alignment of organizational
tasks and platform-related authorization, and role assignment, and authorization to access using privileged permission.
The framework will have four building blocks, (i) role hierarchy and role mapping, which involves the making of
hierarchic mapping of roles in Azure DevOps to CybersArk vault policies (ii) context-based access control, which
encompasses preventing access on the basis of task, time and scope of project (iii) enforcement of separation of duties,
which is required to eliminate the scenario of conflicts-of-interest and over privileged access and (iv) auditing and
compliance, to generate detailed trace, to track access activity and to create regulative-compliant logs. All these
combined provide a compound solution to complex user layer, minimal threats of security and enable ease of operation
[11].

The other motive is that the compliance framework which is becoming diverse and demanding in compliance laws
warrants the topicality of the integration of RBAC and PAM with DevOps. Such standards as the 1SO/IEC 27001,
NIST 800-53, and the SOC 2 also focus on access control best practices, privileged account management and auditable
security practices. Companies that implement DevOps pipelines are increasingly having the need to demonstrate that
they have stringent control on access to source code, deployment environments and vital credentials and that they
monitor and trace access. With a co-ordinated RBAC-CyberArk system, the businesses would be in a good position to
co-ordinate the business processes and control over the compliance compulsory needed and minimize the risk of
exposure to a cyber attack. Also, access provisioning and credential management being automated saves on human
error and administrative overheads, allowing IT teams to dedicate their tasks towards strategic projects instead of on
manual care.

As a matter of fact, the proposed framework will be able to embrace a number of functional improvement. Minimizing
on detail, a simple example is that, automated role mapping will be employed to ensure that the newly recruited (getting
on boarded) staff of the new developers or operation team would have been given the correct permissions without any
manual process whatsoever. Contextual access policies enable a temporal escalation of rights to accomplish certain
functions and automatic depreciation of rights subsequent a task. They might have session recording and auditing
feature as provided by CyberArk which might provide a contextual view to shed light on the delicate process, e.g., code
deployment, configuration or secret change. Together, they increase the accountability and decrease the chances of
insider threats and strengthen the overall security stance of DevOps infrastructures.

Finally, since the tendency of more businesses to turn towards cloud-based DevOps providers, richer and more
interoperable RBAC models capable of not only interoperating with privileged access management systems, but also
playing a role in the development of efficient, safer and more compliant operations are currently in high demand. The
proposed work has filled this gap well since a systematic RBAC model of integrating him with Azure DevOps and
CyberArk has been proposed. The framework involves the hierarchical role-alignment, dynamic permissions and SoD
implementation as well as full auditing whereby the processes involved in the development can safely and swiftly be
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undertaken. The study adds both theoretical and practical data to the field, and to the organization that is keen on
making the DevOps more secure, without disrupting the effectiveness of the operations. The paper then proceeds to
give detailed conversations about the architecture, implementation plan and performance audit of the architecture, an
entire roadmap of how RBAC and PAM can be integrated to existing DevOps pipelines.

Il. FRAMEWORK FOR RBAC INTEGRATION IN AZURE DEVOPS AND CYBERARK

In DevOps infrastructure, Role-Based Access Control (RBAC) is practiced with Privileged Access Management
(PAM) platform, such as CyberArk, to realize systematic permission control, access to sensitive credentials and a
reasonable cost-based knowledge in practice. Its heterogenous access control and dynamism of the workflow, as well as
its credential policy of privileges, makes implementing the modern scale enterprise level Azure DevOps difficult. The
proposed framework will enable the management of the issues as it will bring on board a holistic framework that will
be provided in order to achieve the security, access streamlining and compliance. It has been attacked to attach the
functional leeway and secured firmly and has provided companies with a viable way of limiting user-access, and credit
administration in DevOps pipelines. This part discusses the structure of the framework, elements, the work process and
technicalities.

2.1 Framework Architecture

It has been constructed as a multi-layered architecture characterized as possessing four different segments, which can
be inter-relatable: Role Hierarchy and Mapping, Context-Aware Access Control, Separation of Duties Enforcement and
Auditing and Compliance. It includes the Identity Role Hierarchy and Mapping element that maps organization roles to
that of the Azure Devolutions projects and CyberArk Vaults, such that dao user permissions are similar across
environments and unauthorized access is not possible and authorized access is not available. Context-Aware Access
Control is dynamically configurable, access is granted and denied after project context, task type, time constraints and
scopes of operation are analyzed, giving a temporary boost to the privilege of the particular tasks, but must abide by the
least privilege principle. Separation of Duties (SoD) Enforcement: Separation of Duties helps to control an absence of
blame by implementing the principles of where inimitable allocation to a similar person is not permitted so that the
architect in a simple case with no more complexities can not ratify his/her own allocations. The Auditing and
Compliance element logs all access, credentials activities and roles and integrates both Azure DevOps and CyberArk
utilized to offer a greater traceability and regulatory compliance. The communications below the architecture outlined
in Figure 1 between the users Azure DevOps, CyberArk and the RBAC policy engine. The staff interacts with the
Azure DevOps on the tasks for the project, and CyberArk relates to sensitive credentials needed to implement them.
The role assigning, policy assessment and access denial, are implemented in real-time by the RBAC engine therefore,
providing secure and auditable activities.
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Figure 1: RBAC-CyberArk Integration Architecture

2.2 Role Hierarchy and Mapping

Among the aspects that are going to be considered as one of the most important ones in case integrating Azure DevOps
and CyberArk is concerned, the role and permission framing of platforms should be named. With the vault, Azure
DevOps offers the services of a Project Administrator, a Contributor and a Reader and CyberArk offers password
manager, safe owner, and auditor services. To solve this, the framework uses a role mapping module which maps
organizational roles into platform-specific permissions. The shape of roles in the organization adheres to top-down
hierarchy to demonstrate the organizational control where higher degree roles obtain the powers over the lower ones
and add more privileges to the duties of the senior. The framework ensures consistency by mapping roles each period
that Azure DevOps and CyberArk can do and to prevent desynchronization the policy engine of the target has API-
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based connectors to get role definitions, providing it with a mechanism to refresh requirement. Their projects can be
dynamically allocated to the users of the projects, based on how they contribute to the projects, which teams they
belong to, as well as the tasks. A developer that has participated in a CI/CD pipeline will, e.g. in Azure DevOps,
automatically be assigned a Contributor-level role, and in the Vault read-only permission in CyberArk. This module
reduces administrative overheads, does away with incorrectly configured access and ensures that the privileges are
always in reflection of the responsibility of the user.

ORGANIZATIONAL ROLES AZURE DEVOPS ROLES CYBERARK ROLES
Project Manager } Admin —»} Safe Owner
" D’";"‘“ | Password
’ > i - $
Developer ' =2 Contributor  |-» Asﬁggl:' - > Manager
—
QA Engineer :——¢ Reader > Auditor

Figure 2: Role Hierarchy and Mapping Workflow

2.3 Context-Aware Access Control

Conventional RBAC approaches are based on fixed permissions, and tend to be ineffective in keeping up with the
DevOps fluidity. The supposed framework proposes the context-sensitive access control that allows manipulating
permission in accordance with a working situation. Temporarily restricted roles may be assigned e.g. the extra
privileged deployment may be provided in case a specific release is made. Tiered access is executed based on the tasks
thus, the reviewers of the code may only allow a pull request but not where the credentials are located. The additional
measures enable only some of the IP addresses or trusted devices to access, which provides more safety about such
unwarranted attacks. There is also architecture based on automated privilege escalation and revocation whereby
temporary higher privilege is automatically reneged as well as completion of or expiration of tasks. This least privilege
philosophy and the dwindling number of human error are imposed on this strategy, such that by the time that the
developers and operations would do their work efficiently, they would not need to request the sensitive credentials,
which they may not need at the time.
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Figure 3: Context-Aware Access Control Flow
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2.4 Separation of Duties Enforcement

There should be Separation of Duties to eliminate any conflict of interests and insider threats. Such framework
encompasses an SoD module since this ensures the role gratifications and requests to consult existing pre-set rules. It
identifies the possible conflicts e.g. the one with right to deployment, the one to execute and puts restrictions
automatically to prevent the same role allocation at the same time. Any suspected effort to breach SoD policies sent
alerts to security administrators, and a quick result and audit is achieved. The spheres regulated in particular are
particularly specific to the idea of SoD, and it has to be adhered to the regulations, such as ISO/IEC 27001, SOC 2, or
NIST 800-53. The module will be involved in ensuring that operational practices are in line with internal governing
policies as well as external regulations in ensuring that privileges and other unauthorized steps are not misused.

2.5 Auditing and Compliance Module

The DevOps workflows cannot be checked and traced easily as the platforms and shares of credentials are
decentralized. To integrate the data stored in both the Azure DevOps and to manage the entire access process CyberArk
logs and auditing and compliance module will be utilized. The APl connectors read the activity logs, their role
transition and access request, retrieve the credentials and deployment events. It is also by real time monitoring that
anomalies or unauthorized actions can be identified but ensures that the potential security incidents are also as fast as
possible. The framework also arrives at detailed reports on compliance to be included in audits which will indicate who
used what and at what time and in which situations. Some of the trends that can be tracked with the assistance of the
anomaly detecting tools include frequent failed access, unusual deployment of potential opportunity to implement the
proactive security measures. This module will provide action with full privileged access, enhance accountability and
increase regulatory compliance and minimize disruption of operations.

2.6 Integration Workflow

The framework illustrates the relationship of Microsoft Azure DevOps, CyberArk and RBAC policy engine in the
context of an effective workflow. Onboarding in both platforms is achieved through attributing the roles to the new
users and corresponding the permissions. These resource requests are specified in the sense that, resources or
credentials are to be accessed by a user and RBAC engine identifies request based on role hierarchy, context sensitive
policies and SoD policies. An access is granted and events logged once a request has satisfied all the policies. Constant
check ensures safety of activities and temporary privileges are automatically revoked after getting the job done.
Periodically, role definition and access control are aligned across platforms, to provide consistency and to facilitate the
reflection of the changes in the organization or project. The workflow has evolved so much in a way that it will
facilitate easy and secure procedures, less manual administration and setting security policies in the life cycle of the
DevOps.

l Policy
User l Role Mapping & ! } Task-Based | l 255 |
Onboarding Policy Evaluation ‘ Access Request I DEB:;?;:"
—>
' Periodic Role 1 . Continuous (| Access Granting
[ Synchronization ‘ Monitoring & Logging

Figure 4: Framework Integration Workflow

2.7 Technical Implementation Considerations

The suggested architecture will be developed with the help of the APIs provided by Azure DevOps and CyberArk to
connect the following kinds of services: REST APl and service hooks to automate the processes of roles
synchronization and logging. This can be credited to the application of the policy assessment because rule based engine
where conditional logic can be applied to run around the access decision is offered based on its context. A
configuration database contains role hierarchy and SoD rules centrally to facilitate the use of the rules in an even
manner. Security (such as sensitive data in transit and rest encryption, multi factor authentication, use of tokens to
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access the API) is also provided to minimize the possible attack surface. These technical details give rise to the notion
that the architecture is reliable, scalable and responsive in business-level DevOps systems.

2.8 Benefits and Operational Impact

Not only is RBA built-in but the possibility of an unauthorized individual accessing the source code and the credentials
is small as well. It automatically manages user roles and their privileges, reduces administration load and does away
with misconfiguration. The concepts that will be applied are the least privilege and SoD that will help in improving
compliance and reducing security risks and will be audited and reported in real time to give the overall picture and to
track the privilege usage. The framework also enables DevOps to have flexible workflows which never endanger state
of security enabling enterprises exploit DevOps practices without incurring costs, yet in line with the internal
governance policy and regulatory confines. Combined, this plan will boost the overall security stance of the DevOps
configurations and efficiency in operation simultaneously.

I11. FRAMEWORK EVALUATION

The picture of the suggested RBAC scheme which will be implemented in the context of the integration of Azure
DevOps and CyberArk estimates its efficiency in regards to the protection of the DevOps processes, compliance as well
as reduced workload of the administration. Functionality, the proper functionality of access control and impact over
operation in simulated environments of enterprises capacity are tested.

3.1 Performance Assessment

When assigning roles, requesting access and when any credit worth were requested, response to requests of the system
operations was put into consideration in the performance identification. Measurement of the latency showed that the
average policy engine took 150- 200 milliseconds to take into consideration the roles and grant the access to the user
whose user impacts will cause the least harm to the processes involved in the workflow. This framework was able to
sustain its performance with high concurrent access, and extend to 500 simultaneous user requests. Connecting to
CyberArk via API provided the scalability to the Azure DevOps to time the integration to run every five minutes, and
no conflicts with transfers, meaning that the integration can be scaled to large organizations with flexible team
frameworks.

3.2 Access Control Accuracy

Additional tests and simulation of different user roles, tasks and potential scenarios of privileges were also simulated
and tested. In 98 percent of the cases Role Hierarchy and Mapping worked correctly converting the organizational roles
into platform-specific permissions. Context-Aware Access Control came in handy in cases of ensuring imposing time
policies, task-policies, dynamic increment or even degradation of privileges, as per specific requirements. The role
assignments that were in conflict with each other were also computed and nullified in SoD module because it does not
provide a chance to get the approval and execution of the role before authorization. Dynamically suspended reduced
unauthorized access, and imposition of a least privilege rule. These results show how the framework would be valuable
to identify the appropriate access control policies and prevent unnecessary privileges locations.

3.3 Compliance and Audit Effectiveness

The outcomes of the Auditing and Compliance module were tested on their completeness of logs, the possibility of
detecting anomalies and reporting fidelity. Logging the details of every access request and credential operation was
generated on-the-fly and anomalous detection tools could detect simulated policy violations (100 percent). Reports
compliance report on activity to audit had elaborate guidelines with elaborate summaries of the activities that are to be
audited that gave user activities, role assignment and time of access. The framework helped in fulfilling ISO/IEC 27001
and SOC 2 standards which could have been utilized to demonstrate that there are harmonious logging and monitoring
tools that could respond suitably to the requirements of enterprises in a non-deviant manner.

3.4 Operational Impact

This discussion revealed operational benefits compared to the workload of administration on automated workload and
assignment of roles on both sides. This has been made possible given the Low-latency policy assessment that has made
sure that the Workflow remains automatic and even in the absence of teams that are undergoing challenges in
accomplishing their chores on-the spot. Increased accountability, granting privileged activities point of reference, and
low chances of insider threats were other benefits of the framework.

In conclusion, the discussion has granted concessions that the proposed RBAC-CyberArk integration framework is a
secure, scalable and efficient access control solution. It is highly suitable during the process of establishing privileges,
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compliance with regulations and provides efficiency in its functioning which explains its suitability in enterprise
DevOps systems.

IV. FUTURE OPPORTUNITIES

The suggested RBAC architecture to integrate Azure DevOps and CyberArk is a good basis of efficient and secure
operation of DevOps. Several opportunities can be expanded, improved, and implemented in the new cloud-native
environments to tackle the new security and operational risks

4.1 Al-Driven Access Control

One of the potential solutions that can be implemented to improve the access control decisions can be artificial
intelligence (Al) and machine learning (ML). Active privilege management could be conducted with the help of Al
models, which could be used to examine the past history of access and determine anomalies and high-risk behaviors.
Predictive analytics would make an automatic detection of a suspicious credential access or more privileged roles as an
example. The integration of the Al-based risk scoring in the RBAC engine should also be introduced to allow the ad-
hoc policy changes to be enhanced in terms of security and to increase the administrative load.

4.2 Fine-Grained Policy Customization

It can be enhanced in numerous ways in the future with more specific and dynamic customization of policies. These
that are present are the role based or role level restriction, time restriction and task access. We might also finesse the
authorization even more by scaling the framework with the attributes of the attribute based access control (ABAC) user
attribute, resource sensitivity and environmental condition that can be obtained. This would apply to the multifarious
enterprise cases like the multi team projects that have different access needs and integrated with institutions.

4.3 Cross-Platform and Multi-Cloud Integration

Companies that are switching to a hybrid or multi-cloud have numerous DevOps tools and PAMs. An extension of the
framework would also come in handy to enable it to be scaled to cross-platform syncing and or cross platform
integration to tools not listed in Azure DevOps and CyberArk lists. It can be combined with other systems such as
GitHub Enterprise and GitLab or HashiCorp Vault to give some standardization to the execution of the RBAC in all
development workflows and the whereabouts of sensitive credential repositories.

4.4 Compliance Automation and Reporting

With the ever-changing rules and regulations each day, compliance checks and automation of reporting forms a brilliant
option to seek. The sequence of issue of the framework will be able to aid in manufacturing of live accounts of
conformity, and will additionally pause automatically the actions of privilege to the persuasive perspectives and
requests. In the full integration with the external compliance systems or GRC (Governance, Risk and Compliance)
systems, companies would mirror compliance under the 1SO, SOC, NIST and the compliance with industry standards
with the least number of manual labor.

4.5 Enhanced Auditing and Insider Threat Mitigation

Additional work can be on expanded auditing and insider threat mitigation potentials. The anomaly detection
algorithms, in assisting better behavior analytics, might have detected suspicious activity nearer to the real-time than at
which suspicious activity could be suspected. It would also give protection against the insider attacks and misuse of
credential, which also alleviates the risk of the insider attack, and automated response of the alert, disconnecting a
session, or ending a temporary access.

In conclusion, one can say that Al-based decision support, the potential of greater fine-tuning of policy management
and cross-platform functionality, automatic compliance reporting and a higher threat reduction is what the RBAC-
CyberArk integration setup can offer in the future. This would not only enhance the safety but also leave operational
nimble, scalable and regulatory ready to relocate enterprise DevOps settings.

V. CONCLUSION

To manage the challenges posed by the modern world of enterprise DevOps, the paper outlines a progressive Role-
Based Access Control (RBAC) architecture to integrate Azure DevOps with CyberArk that can overcome the main
security, compliance, and operational challenges. The framework derailed integrates mapping of roles in the hierarchy
of order, initiation of controls based on the settings, implementation of separation of duty and central auditing to offer a
single approach of managing user privileges and safeguarding sensitive credentials. The framework allows roles to be
aligned across platforms and dynamically grant permissions, dependent on task, temporal and contextual constraints to
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ensure users obtain the required access and unnecessary privileged accounts as well as potential security vulnerabilities
are reduced.

The framework testing shows that in the real world where the accuracy of putting into practice the access control is
widely spread policy implementation is arranged and effectively executed as well as strong compliance support, it is
practically effective. Latency tests were also done to ensure that the role assignments and decision processes regarding
access are also very fast and will not impact the workflow efficiency. This enabled the elimination of any conflicts of
interest and inappropriate expansion of privileges since the context sensitive policies and application of SoD were
possible. The compliance and auditing module provided 100% traceability of the operations, thereby enabling the
enterprises to meet the requirements of regulations and accountability of all the DevOps operations. These are just few
of the consequences that make the probability of the framework not only to improve security but also to make the
operations agile without causing any damage.

The article also mentions numerous of the opportunities which are lurking on the horizon such as the Al based access
control, policy of fine-tuning, integrating multi clouds, creating compliance reports and insider threat autonomously.
These additions could also be used to enable such a structure to be resistant to the dynamic enterprise demands and
more complex DevOps environments.

In conclusion, RBAC-CyberArk integration model can be described as one of the efficient, scalable and secure
mechanisms of controlling the access to the DevOps pipeline of privileges. It allows the businesses to possess the
power to employ least-privilege, dividing responsibilities and adhering to rules and encourage flexible working
procedures. Not only is the framework addressing the prevailing security-related issues, but also imprinting a footprint
to the future that will make such practices easier, and guard against risks in the cloud based software development
environments.
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