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Abstract

Regulated industries like banking, healthcare and energy operate under strict regulatory requirements that man-
date frequent formal approvals, end-to-end traceability, security validation and auditable compliance controls. At
the same time, these organizations are increasingly applying Agile and DevOps work practices for faster delivery.
While prior research suggests that regulatory standards are not inherently incompatible with iterative software de-
velopment, there remains limited theoretical understanding about how regulatory constraints are operationalized
within modern CI/CD environments. This research investigates the adaptive pathways through which compliance
requirements can be integrated into regular Agile-DevOps workflows. The empirical foundation combines five
semi-structured interviews and thirteen published industry case studies across compliance sensitive sectors,
and the analysis of this combined data is performed using a unified thematic coding approach and cross-source
triangulation. The findings present core regulatory constraints faced by the organizations, adaptive practices
the teams are implementing and auditable evidence artifacts produced within CI/CD pipelines. The patterns
from these findings reveal a consistent transformation mechanism and propose a conceptual Constraint-Practice-
Evidence (C-P-E) framework, which provides a structured model for embedding compliance into automated
delivery systems, contributes analytical clarity to governance-aware software engineering and outlines practical
guidelines for DevOps teams to embed compliance within the Agile-DevOps pipelines without compromising
iterative delivery principles.
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1. Introduction

Software-intensive regulated industries like banking, healthcare and energy sectors perform their
operations under strict governance, compliance requirements and audits [1]. These organizations are
rapidly adopting Agile and DevOps practices to accelerate delivery, enhance the quality of software and
thus responding to the market demands. While they are increasingly adopting these modern software
engineering practices, a persistent tension also arises for aligning them with regulatory demands.
Regulatory frameworks and organizational governance require traceability, control mechanisms, formal
approvals and document verification activities whereas Agile and DevOps practices mainly prioritize
iterative software development, automation, rapid feedback and continuous deployment. Although both
of their objectives aim to improve the reliability and quality of products and services, the operational
logics of them might result in misalignment because governance and regulations mainly emphasize
accountability and stability, whereas Agile-DevOps practices put emphasis on delivery speed and
adaptability [2].

This tension can be particularly seen in banking, healthcare and critical infrastructures where software
delivery processes are directly impacted by compliance requirements. In these sectors, structured control
points are enforced by the organizational and regulatory requirements related to change advisory board
(CAB) approvals, security verification, segregation of duties and privacy protection throughout the

TKTP 2026: Annual Doctoral Symposium of Computer Science, 8.—9.6.2026 Turku, Finland
*Corresponding author.

"These authors contributed equally.

@] sumaiya.antara@lut.fi (S. T. Antara); kari.smolander@lut.fi (K. Smolander)

@ 0009-0003-1412-7766 (S.T. Antara); 0000-0002-7043-0458 (K. Smolander)

© 2026 Copyright for this paper by its authors. Use permitted under Creative Commons License Attribution 4.0 International (CC BY 4.0).
5


mailto:sumaiya.antara@lut.fi
mailto:kari.smolander@lut.fi
https://orcid.org/0009-0003-1412-7766
https://orcid.org/0000-0002-7043-0458
https://creativecommons.org/licenses/by/4.0/deed.en

software delivery lifecycles. These restrictions can slow down the continuous delivery pipelines when
they are applied as external review stages instead of being applied as integrated processes [3, 4]. As a
result, organizations under strict regulatory controls frequently struggle to maintain balance between
iterative delivery and governance mandates.

The compatibility of Agile and DevOps with regulatory norms has been the subject of many earlier
research. Those studies indicate that standards like ISO-based quality management systems or medical
device regulations do not necessarily prohibit iterative development as long as traceability, verification
and documentation criteria are met [5]. Similarly, previous research in compliance-driven and security-
critical environments show how automated testing, pipeline gates and policy enforcement tools can
help to keep things under control without going back to waterfall-style procedures [6, 7]. These studies
indicate that agility and regulatory compliance are not mutually exclusive. However, there are still two
significant gaps in the current literature. First, many of the studies mainly focus on single sectors or
specific regulatory standards, limiting cross-contextual insights [8]. Second, the obstacles and isolated
practices are well indeed widely reported, but only fewer studies systematically link the regulatory
constraints to the adaptive practices teams can apply and the concrete evidence artifacts the auditors
ultimately accept. Achieving compliance requires more than just aligning the policies and it requires
proving that controls are functioning effectively. When the delivery settings become more automated,
this proof takes the form of pipeline generated artifacts instead of static documentation. Therefore, it is
consequently essential to understand how regulatory requirements are operationalized into continuous
evidence within the CI/CD workflows. If compliance is not understood from this viewpoint, it could be
only viewed as an after-development external documentation layer rather than as an inherent feature
of the software development practices.

However, there is still a lack of theoretical understanding about the transformation from regulatory
demand to automated assurance in regulated sectors. This research responds to this persistent gap by
examining how organizations operationalize regulatory compliance within Agile-DevOps workflow
settings and how these types of integrations reshape and enhance the software delivery practices. To
be more specific, it investigates the mechanisms through which regulatory requirements are paral-
lelly integrated into routine development activities and regular workflows by enabling the continuous
production of traceable and auditable evidence. By doing this, this study shifts the abstract discus-
sions of governance frameworks toward how compliance can be implemented into daily activities
of the organizations. The empirical foundation of this research combines qualitative data from five
in-depth practitioner interviews along with evidence from thirteen published industry case studies
across banking, healthcare, energy and fintech sectors. These industries were chosen because they
operate under continuously evolving and strict regulatory compliance and this provides a comparative
understanding of how context influences implementation strategies. Then a triangulation is performed
with interview narratives and secondary case studies documentation which strengthens the analytical
rigor and significantly enhances the transferability of the findings. This study does not conceptualize
compliance solely as a restrictive control which slows down the innovation. Also, we do not reduce the
discussion only to some technical tooling adjustments. Instead, the study aims to figure out a recurring
transformation pattern across various cases.

The analysis of the collected data leads to the development of a Constraint-Practice-Evidence (C-
P-E) framework through iterative coding and cross-case synthesis. This framework conceptualizes
compliance as a structured transformation mechanism embedded with CI/CD pipelines and explains how
regulatory constraints can be translated into governance-by-design practices and how these practices
can systematically generate continuous assurance artifacts, which are acceptable to auditors. This
paper makes three contributions. First, it identifies the dominant cross-sector regulatory constraint
categories impacting and shaping the Agile-DevOps practices. Second, it categorizes the adaptive
practices that make governance operationalized within the automated workflows. And third, it proposes
the C-P-E framework as a conceptual model linking the regulatory challenges, adaptive mechanisms
and continuous evidence generation. These contributions provide an analytical clarity for researchers
and practical guidance for organizations. The findings suggest that when compliance is systematically
integrated in regular workflows, it evolves from being an external obligation and post-hoc auditing



exercise and becomes an internalized capability and built-in property of modern software engineering
processes.

2. Background and Related Works

Agile and DevOps practices mainly aim to accelerate the software delivery with iterative development,
automation and continuous integration. However, their adoption in regulated environments introduces
structural tensions between delivery speed and controls [2, 9]. Regulated sectors like banking, healthcare
and critical infrastructure must fulfil the strict governance requirements including segregation of duties,
formal change approval processes, traceability mandates and security verification, which directly
influence the continuous software delivery workflows [3, 4]. Previous research reflects that regulatory
standards are generally process-agnostic and these do not necessarily restrict Agile practices as long as
iterative methods, verification, validation and documentation requirements can demonstrably be fulfilled
[5]. The empirical studies on medical devices and safety critical domains have clearly highlighted
how completeness rules and risk documentation requirements can slow down the release cycles when
they are implemented as manual checkpoints rather than being integrated as embedded controls [6, 3].
Similarly, the financial and industrial context studies show that segregation of duties ( SoD) constraints
and change advisory board (CAB) approvals often create bottlenecks unless they are directly embedded
within pipeline logics [10, 11, 12]. Additional layers of security compliance introduce automated
SAST, DAST and dependency scans by making them mandatory gating mechanisms within CI/CD
environments [7, 13].

The GDPR and other privacy legislation have increased the requirements for compliance by mandating
data masking, privacy-by-design principles and documented impact assessments throughout the lifecycle
[14, 15]. Research indicates that increasing audit readiness and delivery predictability can be achieved
by including such criteria directly into CI/CD pipelines rather than handling them as post development
inspections [6, 7]. According to the research comparing governance frameworks like COBIT and Scrum,
by systematically mapping the control objectives to workflow artifacts, the conflicts between traditional
steering structures and Agile roles can be mitigated [10].

Despite these advancements, the current literature is still fragmented across sectors and standards.
Although many studies have pointed out the difficulties or detail individual adjustments, very few offer
a cross-sector synthesis that can connect the regulatory restrictions to concrete workflow practices and
evidence-based artifacts that auditors accept as proof. Furthermore, the systematic shift from regulatory
demand to continuous evidence generation within pipelines is rarely conceptualized as an integrate
approach despite the frequent mention of automation and compliance-as-code in the existing studies. By
synthesizing the cross-sectional patterns and outlining the systematic relationship between constraints,
adaptive practices and auditable evidence artifacts, this research advances the empirical discussion and
presents compliance as an integrated feature of contemporary delivery systems by shifting its role away
from being an external documentation load.

3. Research Process

In this study, a qualitative and interpretive research design approach has been applied to examine
the way Agile and DevOps practices are currently implemented under strict regulatory constraints.
Within the scope of this research, the software development and delivery team and operating CI/CD
pipelines in regulated industries are the core units of analysis. The qualitative approach in this research
focuses on understanding how teams are adapting their software development and operations processes,
tools and compliance mechanisms, and balancing agility with strict regulatory controls. This study
is a combination of semi-structured interview data with secondary case study-based evidence. This
combined approach facilitates the cross-contextual comparison and improves the robustness of research
outcomes. Then, to identify the patterns across these data sources, a unified analytical approach of
Constraint-Practice-Evidence (C-P-E) framework was implemented.



3.1. Data Collection

The main data source for this research was five semi-structured interviews which were conducted
with senior practitioners from software development, delivery and assurance teams of highly regulated
companies. The interview participants were selected by subjective sampling which ensured that the
participants had direct experience with Agile-DevOps practices under strict regulatory constraints. The
roles of the participants mainly included Lead DevOps Engineers, Software Development Team Leads
and IT auditor. The primary focusing sector for the interviews was banking and financial institutions
which was additionally supported with interviews from energy sector for supporting the cross-sector
comparison. The participants represented organizations from Finland, France, United States of America
and Bangladesh, providing perspectives from both European and non-European regulatory settings.
The interview questionnaire covered the core areas of the research focusing on these three research
questions: RQ1:What specific constraints limit the implementation of Agile and DevOps practices in
compliance sensitive industries?, RQ2:How do teams adapt their processes, tools and culture to meet
both agility goals and regulatory demands?, RQ3:Which practical pathways successfully link regulatory
constraints to the right practices and acceptable evidence? Every interview lasted between 40 minutes
to 50 minutes and were recorded with the consent of the participants. The interview transcripts were
anonymized which were extensively utilized for the data analysis.

To make the empirical grounding stronger, a triangulation process was applied to this research where
the interview data were triangulated with thirteen published case studies from peer-reviewed journals
and well-documented industry reports [16, 5, 17, 18, 19, 4, 20, 21, 11, 14, 22, 23, 24]. The cases include
several scenarios or situations from the banking, energy, healthcare and medical devices, industry
systems etc. areas which explicitly describe the adoption of Agile and DevOps under strict regulatory
frameworks like ISO 9001, IEC 62304, IEC 62443, COBIT and GDPR. The cases that had sufficient
methodological clarity and contextual description, were considered for including in scope. And these
cases were selected based on their ability to describe the regulatory constraints, report effective process
adaptations against those constraints and reference the observable evidence artifacts. The complete
view of the research design has been shown in Figure 1 where it reflects the flow from research questions
to the final integrated results.

Research Questions Data Collection

RQ1: Constraints q i i
ROZ: Adaptive Practices 5 Semi-structured Interviews and 13

RQ3: Delivery Pathways Published Case Studies

Data Analysis

Triangulation
a 1. Interview transcription and preparation,

Recording of case studies’ findings

Interview Findings + Case Study Findings 2. Thematic coding of the data using
‘ Constraint-Practice-Evidence coding

Converging Patterns= Strong Evidence frameviork
Diverging Patterns = Sector Specific Insights 3. Pattemn grouping

4. Cross-source Triangulation

Research Qutcomes.

1. Dominant Constraints and Adaptive Pathways
2. Evidence Arifacts

3. Constraint-Practice-Evidence Mapping

4_ Integrated C-P-E Framework

Figure 1: Overall Research Design and Data Flow



3.2. Data Analysis

All interviews and case studies were analysed with a thematic coding approach following constraint,
practice and evidence structure. This structure emerged during the thorough review of interview
scripts, and this clear pattern was also observed in every case study as well, which later created the
idea of developing the Constraint-Practice-Evidence (C-P-E) framework. The term Constraints refer to
governance and regulatory requirements that limit or impact the Agile-DevOps workflows. Practices
refer to the adaptive mechanisms that are implemented by teams to operate within these constraints.
Evidence denotes the metrics or artifacts generated by these adaptive practices which can be accepted
during audits and inspections. The coding of data was performed in four stages. Firstly, an initial
open coding was done for interview and case study data. Secondly, the similar codes were grouped
into higher level themes. Thirdly, a cross-source comparison was done between interviews and case
studies. Finally, the patterns were mapped with research questions to find out the C-P-E pathways
across sectors.

For triangulation, the interview findings were systematically compared with case study evidence.
Some patterns were identified in both datasets which were considered as convergent, and the context
specific patterns were considered as sector nuances. So, this triangulation approach strengthened the
analytical credibility and reduced reliance on single source interpretation.

3.3. Trustworthiness and Limitations

Several approaches were adopted in this study to ensure the trustworthiness, including a transparent
coding process, a consistent application of the analytical framework and cross-source validation. Al-
though the interview sample is limited in size, this limitation has been mitigated with the integration
of multiple published case studies. This integration supports analytical transferability by not pushing
towards statistical generalization. In addition, this research does not aim to provide any legal inter-
pretation of regulatory standards, and it also does not perform evaluation of any specific tools. The
findings from the analyzed data are limited to delivery pathways and evidence generation mechanisms
of Agile-DevOps pipelines.

4. Findings

This section presents the synthesized core findings derived from the cross-source analysis of semi-
structured interviews and industry case studies across highly regulated industries like banking, medical,
fintech and energy sectors. An iterative coding procedure combining cross-case comparison and
within-case analysis, was applied to analyze the collected data. The analysis revealed three analyti-
cally distinct yet interconnected dimensions. Accordingly, the results are structured in 1) dominant
regulatory constraints, 2) adaptive practices adopted by teams and 3) continuous evidence mechanisms
that operationalize compliance within the CI/CD pipelines. Collectively, these dimensions form the
foundation of the proposed Constraint-Practice-Evidence (C-P-E) framework, which demonstrates that
regulatory requirements systematically influence the pipeline architecture and workflow design rather
than considering compliance as an external and static organizational layer.

4.1. Dominant Regulatory Constraint Categories

Four recurring categories of regulatory constraints were identified as dominant across all sectors and
data sources. These constraints function as structural boundaries which mainly affects the application
of Agile-DevOps practices.

We found restricted development environments to be one of the most dominant categories of
constraints. This category reflects the restrictions of external and cloud by data residency policies and
mandatory compliance reviews before release. As a result, the development activities are limited to
pre-approved environments and tools, and testing to synthetic or non-production datasets. In addition,



deployment activities remain limited to approved business-hour windows and there are multilevel
formal code approval requirements. This constraint was consistently reflected in the interview data. One
participant described how organizational cloud policies directly affected the selection of development
tools and access management: Interviewee X- "Postman used to be very commonly used application,
but then they changed the policy and they wanted to store the scripts into their own cloud space in the
US. That wasn’t okay with the company. So we had to stop using it. Also, we review access to different
systems every couple of months. I have to testify why I need certain accounts periodically. If I don’t act
on it, I will lose the access.”. This quotation exemplifies how regulatory requirements extend beyond
technical implementation to influence routined development activities, tool selection and periodic
access governance.

Then we identified access control and segregation of duties (SoD) category as another dominant
category which captures strict role separation and manual handover requirements, complex authentica-
tion and multi-level approval for external integrations, developer exclusion from deployment operations,
OTP-secured remote sessions affecting pipeline flow and periodic access reviews disrupting the CI/CD
workflows.

The analysis also revealed delay in workflow as another dominant constraint category which
highlights the factors that extends and slow down the release cycle. The factors include mid-sprint
compliance reviews, mandatory CAB approval before production deployment, pre-integration unit
testing enforcement, mandatory DPIA and privacy-by-design validation steps, manual pre-deployment
security validation, lengthy compliance verification and multi-step authentication and approval for
external collaboration.

Finally, we identified organizational regulatory burden as another dominant category affecting
Agile-DevOps implementation. This category reveals the structural and procedurals factors like multi-
level bureaucratic approval chains slowing down the decision-making process, mandatory 100% test
coverage requirements, developer’s responsibility for compliance documentation tasks, legacy systems
and limited DevOps expertise constraints, steering governance vs product owner authority tension,
independent QA requirements under COBIT, regulatory misalignment within quality management
systems, safety critical V&V documentation burden, release completeness requirement before approval,
ISO Clause 7 documentation and record-keeping mandates etc.

4.2. Adaptive Practices within Workflows

In response to these key constraint categories, several adaptive practice categories were identified
through the thematic analysis of the interview and case study data. The interview data demonstrated
how automated security controls have become embedded within CI/CD pipelines rather than remaining
as external review activities. Interviewee Y explained: "We use SonarQube for code smell and testing
coverage, integrated with our pipeline. The other tool is MEND. It is a vulnerability detection tool that scans
the whole Docker image for commonly reported vulnerabilities. Anytime they detect a critical vulnerability,
the pipeline aborts, irrespective of any executive sign-off. The pipeline totally blocks the code from being
released”. These practices indicate that the organizations do not replace Agile-DevOps principles to
address and mitigate the core constraints. Instead, they systematically redesign their workflows to
internalize the governance mechanisms.

We identified automated access governance as one of the key adaptive practice categories adopted
by the organizations to address the regulatory constraints. This category emphasizes the discontinuation
of non-compliant cloud tools under automated access control, periodic access reviews with approved
tool enforcement, business-hour deployment restrictions with expert override control, automated
deployment via Kubernetes service accounts and RBAC, automated governance of approved IDEs,
toolsets and license quotas and continuous user access auditing in development platforms.

Another key adaptive practice category is automated governance pipeline which highlights the
use of SonarQube and MEND-integrated vulnerability gating in CI/CD, automated enforcement of
secure coding standards in APIs, risk-based CAB gating embedded within CI/CD pipelines, automated
generation of compliance evidence per pipeline run, real-time logging (ELK) and automated risk scoring



(Jira), automated compliance reporting for audit efficiency, SAST pre-merge gates and pipeline embedded
CAB checkpoints, DORA and audit controls integrated into GitLab CI and Terraform, Standardized
CI/CD templates with protected branches and service accounts, automated unit testing as pre-merge
compliance gate, DPIA validation and DAST integration across DevOps stages, automated cross-team
tracking and workflow synchronization, automated testing integration within SAFe pipelines etc.

In addition, customized workflow was observed to be another key adaptive practice category
adopted by the organizations. It highlights how organizations adjust their development process to
incorporate compliance requirements without disrupting any Agile and DevOps practices. The specific
practices include implementing data encoding and masking aligned with predefined PII standards,
compliance workload integrated into Agile estimation, compliance milestones embedded strategy (80%
meaningful and full for critical systems), QMS updates and staff training for traceable Agile change
management, lightweight Q-interface aligning DevOps with QMS functions etc.

4.3. Continuous Evidence Mechanisms

The third analytical dimension concerns how compliance was ultimately demonstrated through system
generated and automated assurance mechanisms. The shift toward pipeline generated evidence was
directly reflected in practitioner accounts. As Interviewee Z explained when describing about the
evidence they show during audits, "Pipeline run report shows scan passed, policy passed, deploy approved”.
These types of evidence mechanisms across the studied organizations are reflected in three primary
categories of evidence artifacts within CI/CD pipelines to support the automated assurance. The
first category includes authorization related evidence such as Approval Logs, IAM Access Reports
and CAB Approval Records capture every access control and approval level activity throughout
the delivery workflow. The second category consists of system level evidence such as Immutable
Systems Logs, Security and Vulnerability Records, CAB Ticket Histories and DPIA Validation
Records provides immutable and timestamped evidence of system security testing, integrity and
privacy by design enforcement. Finally, the third category includes process and audit-oriented artifacts
such as Digital Sprint Artifacts, Compliance Checklists, Audit Dashboards, Auto-generated
Compliance Reports and Risk Scoring Summaries, which serve as audit ready evidence, conform
policy adherence as well as align with audit and risk management standards. These outputs indicate
the transformation of compliance from static documentation and external verification layer to pipeline
generated evidence artifacts.



4.4. Cross-Case Synthesis

Table 1: Constraint-Practice-Evidence Mapping

Sector

Main Regulatory Constraint

(RQ1)

Adaptive Practice (RQ2)

Evidence Artifact (RQ3)

Banking and

Rigid change management

Introduced gated CI/CD

CAB approval tickets, im-

Finance and segregation of duties (no  pipelines and policy-as-code  mutable log exports and ELK
developer access to produc- to automate the approvals dashboards showing change
tion) and access reviews history

Energy External partner integra- Created continuous docu- Access review reports, pol-
tions required multiple mentation and periodic ac- icy audit logs, documented
logins and GDPR/MiICA cess reviews, added policy proof-of-concepts for third
compliance checks enforcement checks for ev- party tools

ery new tool

Healthcare Heavy safety and verifica- Embedded a quality inter- Verification and validation
tion documentation required face layer within DevOps reports, signed test artifacts,
by ISO 13485/IEC 62304 stan-  pipelines to connect auto- automated traceability re-
dards mated testing with compli- ports

ance review

Telecom Distributed global teams Implemented shared compli- Wiki based change records,

(Large scale struggled with inconsistent ance wikis and automated compliance dashboards and

agile) GDPR interpretation and tracking tools to ensure audit ready reports gener-

late compliance reviews

consistent understanding
and synchronized timelines
across all teams

ated automatically

Industrial and ~ Security standards like IEC ~ Used automated Pipeline security reports, au-
Manufactur-  624434-1 slowed down con- SAST/DAST scanning tomated vulnerability dash-
ing (Security tinuous delivery due to man- and security champions boards and audit snapshots
focused) ual reviews within teams to ensure of each release

Cross-sector
Observation

Common  challenge is
balancing audit traceability
with delivery speed

compliance without delay

Core solution is implement-
ing compliance as code
which will embed all checks
and policies directly into

Automated logs and ap-
proval reports accepted by
auditors as official compli-
ance evidence

CI/CD pipelines

The cross-case comparison resulted in constant linkages between regulatory constraints, adaptive
practices and resulting evidence artifacts across sectors. Table 4.4 shows the synthesized mapping
and key patterns and highlights that adaptive practices do not only mitigate the core constraints for
maintaining Agile-DevOps practices. In fact, they also transform the burden of regulatory requirements
into systematic evidence generation methods. And this recurring translation dynamic established the
analytical basis for the development of C-P-E framework.

4.5. Constraint-Practice-Evidence (C-P-E) Framework

The thematic integration of the identified constraints, practices and evidence relationships is represented
in the conceptual C-P-E framework in Figure 2, which captures the observed translation process where
regulatory controls are operationalized through workflow redesign and production of verifiable evidence.

Each pathway within the framework illustrates how automation, procedural alignment and integrated
reporting mechanisms convert the regulatory constraints into auditable and repeatable processes. This
integration shows that compliance can be an embedded function within software development and it is
no longer an external factor to development. Thus, this resulting framework represents a systematic
pipeline shift from externally enforced compliance to embedded continuous assurance, which did
not occur abruptly. This transformation has emerged incrementally as the organizations have been
translating the constraints into executable pipeline logics in their daily workflows and the C-P-E
framework captures this translation at the analytical level.



Core Constraint Adaptive Practice Evidence Mechanism
Category

Automated Access Governance

— (Enforcing tool approval list and
Access Control & SoD » license quota, automated
deployment through Kubernetes
service accounts and RBAC)

Approval Logs
IAM Access Reports
CAB Approval Records

¥

Automated Governance Pipeline

@
z (Integrating DORA driven controls, Immutable System Logs
E Restricted Development SonarQube and MEND, CAB » Secu"%:gd.r?u':"fﬁb;ht? Records
8 Environment approval, DPIA validation, SAST DPIA Valli[[:ial:ionlrl’qztr:ﬁrsds
b and DAST scans in Cl/CD
E pipelines)
2
@
o
Customized Workflow
Organizational Regulatory (Revised Agile estimation methods, Digital Sprint Artifacts
Burden inclusion of compliance tasks in Compliance Checklists
» sprint planning and quarterly » Audit Ready Dashboards
: roadmaps, placing a thin Auto Generated Compliance Reports
(- Delay in Workflow Q.im\cfrféfe beh?.leen Risk Scoring SLI:mmaries P

DevOps and QMS, automated
compliance reporting)

Figure 2: Constraint-Practice-Evidence (C-P-E) Framework

5. Discussion

This research aimed to figure out how regulated organizations like healthcare, banking, energy etc.,
are integrating Agile-DevOps practices in ways that ensure the delivery speed along with generating
auditable assurance artifacts. The findings are consistent with prior research highlighting the challenges
of aligning Agile-DevOps practices with regulatory and governance frameworks. For instance, existing
studies have shown that compliance requirements such as segregation of duties, formal approvals
and auditability often introduce structural tensions within iterative development environments [3, 6].
Similarly, research on governance frameworks like COBIT emphasizes the difficulty of reconciling
flexible development practices with rigid control mechanisms [10].

However, this article extends prior works by demonstrating compliance integration as an architectural
transformation within CI/CD pipelines. This perspective is captured through the proposed constraint-
practice-evidence (C-P-E) framework, which provides a structured and operational understanding of
governance integration in Agile-DevOps environments. Through the cross-case study and analysis of
banking, healthcare, energy and fintech organizations, the findings of this study reveal that compliance
assurance integration is not merely a process of aligning with regulatory standards. In fact, it is
fundamentally an architectural phenomenon. The analysis of the interview and case studies data show
that the high-performing organizations are internalizing governance within their CI/CD architectures,
rather than treating the regulatory constraints just as external layer of checking. Regulatory constraints
like structured change controls, segregation of duties, security enforcement and traceability mandates
act as boundary conditions which transform the workflow design of these organizations. The resulting
Constraint-Practice-Evidence (C-P-E) framework formalizes this translation mechanism by showing
how each constraints push the teams to adapt their workflows that, in turn, systematically generate
evidence artifacts.

Therefore, the conceptual framework reframes regulatory compliance from being a post development
process to an evidence-centric delivery capability. In this way, the evidence for ensuring compliance is
not produced retrospectively for auditors and it is automatically generated within the program execution
logic of the continuous delivery pipelines. This artifact-centric transformation makes significant
contributions to the existing Agile and DevOps literature by clarifying how regulatory demands can



be operationalized without compromising the iterative delivery goals. Besides, the results extend
the theoretical understanding of governance in software development by showing compliance as an
emergent property of socio-technical system design. Practically, the C-P-E framework provides a
structural lens for the software development teams and auditors to reasonably think about compliance
integration as a part of normal execution which reduces the cycle time and audit burden as well.

In summary, this paper presented how compliance can be effectively integrated into Agile-DevOps
settings through architectural embedding within CI/CD pipelines, rather than relying on external
procedural controls. The findings show that regulatory requirements can be operationalized without
compromising the iterative delivery practices. The proposed C-P-E framework can support the devel-
opment teams and auditors in treating compliance as a part of normal workflow execution, thereby
reducing cycle time and audit overhead. The future works will focus on empirically validating the C-P-E
framework through industrial case studies and real-world implementations across diverse regulated
industries and assessing its effectiveness in supporting governance-aware Agile-DevOps practices.

6. Conclusions

The increasing adoption of Agile and DevOps mechanisms in compliance sensitive industries has
intensified the requirement of balancing between regulatory control and delivery speed. This paper
demonstrated this architectural tension between governance and agility. The findings described how
the regulatory controls and continuous delivery can coexist in a stable and repeatable way when
compliance requirements are directly integrated into delivery workflows. It revealed a consistent
transformation pattern through cross-source analysis of practitioner interviews and industry cases,
where the identified regulatory constraints shape adaptive practices in teams and these practices
generate structured and auditable evidence within CI/CD pipelines. By connecting external governance
requirements to workflow redesign and continuous assurance artifacts, the proposed Constraint-Practice-
Evidence (C-P-E) framework captures this transformation logic and reframes compliance from being
portrayed as documentation burden into an embedded property or feature of software development
life cycle. This work contributes both analytical clarity and practical guidance for organizations
operating under strict regulatory constraints. By embedding governance within delivery workflows,
these organizations can reduce audit overhead and improve traceability along with maintaining the
delivery efficiency. As regulatory environments are continuously evolving, especially in areas like
Al governance and digital resilience, integrating compliance directly into the delivery pipelines is
also becoming more critical. This is because the emerging regulations require continuous monitoring,
traceability and real-time assurance, which cannot be effectively achieved through traditional and
manual compliance processes.
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