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The rising simplicity and speed of software distribution in DevOps chains has exaggerated the problem of assuring 
conformity with regulations without detriment to agility. However, not only are traditional manual compliance processes 
error-prone, but they are also unlikely to keep pace with the rapidity and scale of cloud-native development. As a response, 
the paradigm of Compliance-as-Code (CaC) has emerged, integrating compliance requirements into DevOps workflows 
through code-based, automated, and version-controlled processes. DevOps Compliance-as-Code is the topic of this article, 
which covers the theoretical background and technologies that make this approach possible, real-life applications, and the 
emerging research trends. Drawing from scholarly and industry literature, including recent advances in secure DevOps, cloud 
automation, and generative AI, the discussion demonstrates how Compliance-as-Code ensures traceability, repeatability, 
and auditability of compliance actions across the software lifecycle (Vadisetty et al., 2023; Abrahams & Langerman, 2018). 
With policies embedded as runnable code, organizations may achieve proactive control of risks, regulatory controls, and 
efficient governance in highly dynamic and decentralized development platforms. This article presents a critical review of the 
advantages, obstacles, and strategy that is required to implement Compliance-as-Code in Modern DevOps environments.
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Abstract

INTRODUCTION
The emergence of DevOps has transformed software 
engineering practices due to its capacity to facilitate fast and 
continuous integration and delivery of code along automated 
pipelines. It breaks traditional silos between development 
and operations, promoting collaboration, agility, and 
accelerated time-to-market (Beal, 2016; Sharma & Coyne, 
2015). However, this velocity introduces new complexities 
in ensuring security and regulatory compliance, especially 
in cloud-based environments where system configurations, 
deployments, and policies change frequently (Mohan & 
Othmane, 2016). Traditional compliance models, which rely 
heavily on manual audits and documentation, are misaligned 
with the dynamic and automated nature of DevOps workflows 
(Michener & Clager, 2016). As organizations continue to 
pursue the idea of continuous deployment, the problem 
of how to integrate compliance into the pipeline without 
interfering with speed or flexibility becomes absolutely 
urgent.

To address this, the concept of Compliance-as-Code (CaC) has 
emerged—a methodology that codifies compliance policies 
as executable artifacts, versioned alongside application 
code and infrastructure (Abrahams & Langerman, 2018). 
Using this model, teams can automate compliance tests, 
dynamically enforce controls, and gain traceability, and finally, 
it brings the regulatory requirements and agile development 
processes into alignment. By integrating compliance into 
the same toolchains used for development and operations, 

CaC enables a shift from retrospective compliance validation 
to proactive, real-time enforcement (Callanan & Spillane, 
2016).

Compliance-as-Code can also be adopted with the help of 
cloud-native tooling and AI-powered automation. Generative 
AI, for instance, is being explored as a tool to automate 
secure code generation, detect compliance gaps, and suggest 
remediations in near real time (Vadisetty et al., 2023). These 
types of innovations considerably lessen the weight of 
manual regulation and enable scalable conformity in widely 
spread out settings.

As promising as it sounds, the application of CaC is not a bed of 
roses. Integrating security controls with development speed 
often presents a paradox, where efforts to ensure compliance 
can inadvertently slow down the pipeline or introduce friction 
(Farroha & Farroha, 2014). Moreover, the success of CaC 
depends on a cultural shift within organizations, requiring 
collaboration among cross-functional teams and alignment 
of regulatory knowledge with software engineering practices 
(Österberg, 2020; Smeds et al., 2015).

In this article, I explored the future of DevOps Compliance-
as-Code by looking at its theoretical foundations, existing 
systems, and future research opportunities. It also combines 
the existing knowledge base across several fields: DevOps 
principles, cloud security, DSLs, and AI augmentation, and 
provides a unified view of these areas that will be useful to 
both practitioners and researchers.
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LITERATURE REVIEW
Conceptualizing Compliance-as-Code in the DevOps 
Landscape

As the software industry shifts toward rapid, iterative 
deployment cycles enabled by DevOps practices, traditional 
approaches to governance and compliance are increasingly 
being challenged (Beal, 2016; Sharma & Coyne, 2015). 
Compliance, once the domain of auditors and legal 
departments, is now becoming a shared responsibility 
across development, operations, and security teams (Mohan 
& Othmane, 2016). In response to this shift, Compliance-
as-Code (CaC) has emerged as a transformative concept 
that embeds regulatory and security controls directly into 
the software delivery pipeline through automated, version-
controlled code artifacts (Abrahams & Langerman, 2018).

The idea is compatible with the DevOps philosophy of 
automation, cooperation, and continuous delivery, except that 
it introduces an important governance aspect. It promises 
not only traceability and auditability but also scalability 
in highly dynamic environments, such as cloud-native 
platforms, microservices, and containerized applications 
(Vadisetty et al., 2023).

Aim and Objectives

Aim

This article aims to explore the conceptual foundations, 
implementation dynamics, and challenges of Compliance-as-
Code in DevOps, to identify best practices, unresolved issues, 
and opportunities for future research.

Objectives

To examine the theoretical and practical definitions of • 
Compliance-as-Code

To analyze current approaches and tools used in • 
embedding compliance into DevOps workflows

To identify the critical challenges and contradictions in • 
existing research

To present real-world or anecdotal case examples that • 
demonstrate the operationalization of CaC

To propose a conceptual model that synthesizes compliance • 
automation with DevOps culture and toolchains

Framing the Foundations: DevOps and Compliance

DevOps, as defined by Beal (2016), emphasizes seamless 
collaboration between development and operations through 
continuous integration and automation. However, DevOps 
inherently prioritizes speed and adaptability, which can 
conflict with compliance requirements rooted in rigidity, 
auditing, and predictability (Michener & Clager, 2016). 
According to Mohan and Othmane (2016), this creates an 
“oxymoron”—a paradox where the speed of DevOps appears 
at odds with the slower, deliberate nature of compliance 
procedures.

Figure 1. The DevOps–Compliance Paradox

(Illustrates tension between speed-focused DevOps and 
process-heavy compliance)

The literature has recognized this conflict, and some strategies 
have been suggested on how to address it. Abrahams and 
Langerman (2018) advocate for the automation of compliance 
checks at velocity, embedding validation mechanisms into 
the CI/CD pipeline. Likewise, Callanan and Spillane (2016) 
stress that DevOps should make “doing the right thing easy,” 
suggesting that compliance should be as automated and 
integrated as the builds themselves.

The Rise of Compliance-as-Code

The term Compliance-as-Code is not universally defined, 
but can be said to be the practice of managing compliance 
policies, e.g., access controls, logging requirements, or 
data retention rules, as code. These can be tested, version-
controlled, and deployed using the same infrastructure as 
the application logic (Vadisetty et al., 2023). Not only does 
this create consistency in enforcement, but it also creates 
traceability and quicker response to an incident.

Case in point: in a 2021 study of cloud e-retail ecosystems, 
organizations that adopted compliance automation using 
Infrastructure-as-Code (IaC) and CaC principles were able to 
reduce configuration drifts and improve policy enforcement 
rates by over 40% (Secure DevOps Practices, 2021). Similarly, 
Vadisetty et al. (2023) highlight the use of generative AI to 
identify compliance violations in code before deployment, 
effectively shifting left the responsibility of compliance to 
earlier stages in development.

Figure 2. Compliance-as-Code Lifecycle in DevOps Pipelines

(Illustrates compliance embedded across CI/CD stages with 
automation and validation tools)
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Contradictions and Gaps in Current Research

However, promising as it is, Compliance-as-Code is under-
theorized in most of the DevOps literature. One prominent 
contradiction lies in its standardization versus customization 
debate. While compliance frameworks often demand 
uniformity (e.g., GDPR, HIPAA), DevOps encourages local 
optimization tailored to specific team workflows (Lindgren 
& Münch, 2015). This dichotomy introduces a rub in the 
process of imposing “universal” templates of compliance on 
the decentralized and rapid-fire teams.

Moreover, there is limited empirical research on how 
organizations operationalize CaC. Much of the literature, 
such as BarTsi’c (2012) on domain-specific languages, 
focuses on tooling and syntax rather than team dynamics 
or implementation challenges. The gap is especially wide in 
small-to-medium enterprises (SMEs), which often lack the 
resources to build custom compliance tooling (Österberg, 
2020).

Contrasting views also exist around the role of AI in 
compliance. Vadisetty et al. (2023) argue for its use in 
pre-deployment compliance scanning and automated 
remediation, but critics warn that AI-generated controls may 
lack nuance or contextual understanding, potentially leading 
to over-compliance or false positives (Farroha & Farroha, 
2014).

Critical Evaluation and Mini Case Insight

One example, representative of a mid-sized healthcare 
technology organization, involved the use of CaC to 
automatically apply HIPAA-related access restrictions during 
the deployment process by use of a Terraform script and 
Sentinel policies. But they experienced internal opposition 
in the form of legal auditors who did not know how to 
read policy-as-code. This points to an unresolved cultural 
challenge: CaC requires both technical proficiency and legal-
technical literacy—a rare combination in most enterprise 
teams (Smeds et al., 2015).

Furthermore, while tools such as Open Policy Agent (OPA) 
and HashiCorp Sentinel are widely used to encode compliance 
logic, their effective use demands a steep learning curve and 
continuous maintenance (Callanan & Spillane, 2016). This 
has the ironic effect of putting more cognitions on developers, 
which was not the initial intent of DevOps, which promised 
simplification.

Toward a Unified Framework for Compliance-as-
Code

Cruzes and Dyba (2011) recommend a structured thematic 
synthesis when dealing with interdisciplinary software 
engineering problems. Using this strategy, we see that the 
intersection of DevOps, compliance, and AI not only needs 
toolchain integration but also a conceptual model that ties it 
all together. This ought to answer:

Policy abstraction (what compliance means in various • 
contexts),

Enforcement logic (how it’s translated into code),• 

Organizational adoption (how teams interpret and apply • 
it).

Such a multi-layered model has been missing in the 
literature. The existing work is divided between tooling and 
case-specific implementations on one side and high-level 
advocacy on the other, with little effort to combine these 
perspectives into practical frameworks.

Compliance-as-Code is another innovation that is essential 
to bring together the pace and scale of software delivery 
today, and regulatory controls. However, the studies are 
mostly theoretical or anecdotal, and the experience of 
applying them is scattered across different fields. As exciting 
directions to scale AI and automation become, there are still 
questions around human interpretability, tool adoption, 
and policy ambiguity. To achieve the transition of the 
fragmented successes into the industry-level maturity in 
DevOps compliance, a coherent multidisciplinary model is 
necessary.

METHODOLOGY
This study employs a conceptual and literature-based 
research methodology, appropriate for synthesizing insights 
from diverse domains such as software engineering, 
cybersecurity, regulatory compliance, and DevOps practices. 
Given the emerging nature of Compliance-as-Code (CaC), the 
aim is not to test a hypothesis through empirical means, but 
to develop an integrated understanding by drawing from 
peer-reviewed sources, industry whitepapers, standards 
documentation, and authoritative frameworks.

Following the recommendations of Cruzes and Dyba (2011), 
this research applies a thematic synthesis approach, which 
is widely recognized for qualitative exploration in software 
engineering literature. The following steps were used as the 
methodology:

Literature Identification and Selection

The study relied exclusively on a curated body of 15 scholarly 
and industry sources provided by the user. These sources 
range from academic conference proceedings, journal 
articles, whitepapers, and professional documentation. The 
literature covered a broad timeframe from 2009 to 2023, 
ensuring both foundational and current perspectives were 
incorporated.

The selected texts represent diverse viewpoints, ranging 
from technical implementation (e.g., Vadisetty et al., 2023; 
BarTsi’c, 2012) to strategic and organizational insights (e.g., 
Abrahams & Langerman, 2018; Callanan & Spillane, 2016) to 
compliance challenges in agile environments (e.g., Farroha & 
Farroha, 2014; Michener & Clager, 2016).

Thematic Analysis and Conceptual Structuring

The thematic coding framework was created to categorize 
literature into the following categories:
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Definition and scope of Compliance-as-Code• 

DevOps integration and automation techniques• 

Security and compliance challenges• 

Tooling, AI support, and DSLs• 

Cultural and organizational dynamics• 

Case studies and applied examples• 

Cross-theme comparisons and contrasts of authors’ 
arguments allowed identifying patterns, contradictions, and 
gaps in concepts. This approach revealed both consensus 
and disagreement, especially on the feasibility of automating 
legal compliance (Farroha & Farroha, 2014) and the readiness 
of generative AI for policy interpretation (Vadisetty et al., 
2023).

Conceptual Framing

The insights drawn from the thematic synthesis were used 
to develop a conceptual model for Compliance-as-Code 
within DevOps environments. The model seeks to unify the 
technical components (automation, version control, CI/CD 
integration) with organizational enablers (cross-functional 
alignment, policy literacy, governance frameworks).

To ensure relevance and applicability, the conceptual framing 
was anchored in real-world contexts, including examples 
from cloud-based e-retail systems (Secure DevOps Practices, 
2021), healthcare deployments, and industry adoption 
patterns (Österberg, 2020).

Analytical Rigor and Critical Reflection

This article maintains analytical rigor through critical 
evaluation of sources. Instead of a mere summarizing, the 
methodology implied questioning each source about:

Bias or assumptions (e.g., tools promoting vendor-• 
specific models)

Limitations in scope (e.g., small sample sizes or • 
hypothetical examples)

Contradictory claims across technical feasibility and • 
human factors

Practical implications that translate conceptual insights • 
into actionable strategies

For instance, while Abrahams and Langerman (2018) 

advocate for compliance automation at speed, Michener 
and Clager (2016) warn of the risks associated with over-
reliance on automation without human interpretability. Such 
contradictions were not dismissed but analyzed to identify 
areas of uncertainty and research gaps

Validity and Limitations

The conceptual nature of this study means that its 
validity is grounded in theoretical coherence, literature 
representativeness, and logical reasoning, rather than 
empirical testing. While this enables broad exploration and 
framework development, it also limits generalizability and 
empirical validation.

The study is limited to the sources provided, which, 
while diverse and authoritative, may not cover all recent 
developments, especially those in fast-evolving DevSecOps 
tooling and AI governance regulations. The methodological 
limitation the author admits to is the lack of direct interviews 
in the industry or real-time metrics of DevOps.

Ethical Considerations

As this research is purely conceptual and literature-based, 
no human participants or sensitive data were involved. 
Every source was treated in compliance with the scholarly 
referencing practices.

RESULTS
This section synthesizes findings from the reviewed literature, 
highlighting patterns, tools, comparative advantages, and 
implementation outcomes of Compliance-as-Code (CaC) 
in DevOps. It also critically examines the trade-offs and 
unintended consequences of such automation, including 
ethical, technical, and organizational risks.

Adoption Patterns and Tooling Ecosystem for 
Compliance-as-Code

A significant trend across the literature is the increasing 
use of Infrastructure-as-Code (IaC) and Policy-as-Code 
(PaC) frameworks to automate compliance validations. 
Prominent tools include HashiCorp Sentinel, Open Policy 
Agent (OPA), and emerging AI-based static code analyzers 
integrated into CI/CD pipelines (Vadisetty et al., 2023; Secure 
DevOps Practices, 2021).

Table 1 below provides a comparative summary of these 
tools, focusing on capabilities, integrations, and AI support.

Table 1. Comparative Overview of Compliance-as-Code Tools and Frameworks

Tool/Framework Primary 
Function

AI Integration CI/CD Support Policy 
Language

Strengths Limitations

HashiCorp Sentinel Policy-as-Code for 
IaC

No Tight (Terraform, 
Nomad)

HCL-like Deep integration 
with HashiCorp 
tools

Steep learning 
curve, limited 
generality

Open Policy Agent 
(OPA)

General-purpose 
policy engine

No High (Kubernetes, 
CI/CD)

Rego Open source, 
highly 
customizable

Verbose 
syntax, initial 
complexity
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Generative AI Tools 
(as per Vadisetty et 
al., 2023)

Code analysis, 
remediation 
suggestions

Yes (LLMs, 
NLP)

Integrated via 
plugins

Varies (NL-
to-code)

Automates rule 
generation, 
contextual 
insights

Lack of 
explainabilit, 
false positives

Cloud Security 
Posture Management 
(CSPM) Tools

Continuous 
compliance 
monitoring

Some AI/ML 
features

Cloud-native 
pipelines

JSON/YAML + 
DSLs

Broad coverage 
(e.g., GDPR, 
HIPAA)

Reactive rather 
than preventive

Measured Outcomes of Compliance-as-Code

Although empirical data is limited, several studies and 
case insights suggest meaningful efficiency and quality 
improvements through CaC adoption:

Time Efficiency• : Organizations using policy-as-code 
frameworks in CI/CD reduced manual audit preparation 
time by up to 70%, as compliance checks were embedded 
in the build process (Abrahams & Langerman, 2018).

Error Reduction• : Automated policy validations 
decreased configuration errors related to role-based 
access control (RBAC) and data handling policies by 40–
60%, according to evaluations in cloud retail systems 
(Secure DevOps Practices, 2021).

Code Quality• : Generative AI tools, when used responsibly, 
improved code quality and policy adherence by flagging 
noncompliant constructs during the code commit phase 
(Vadisetty et al., 2023).

Figure 3. Time Saved by Automating Compliance Tasks 
(Audit Preparation, Remediation, and Reporting)

(Based on synthesis from Abrahams & Langerman, 2018; 
Secure DevOps Practices, 2021, A bar graph showing audit 
preparation time reduced from 100% baseline to ~30% after 
CaC adoption)

Impact of AI and Generative Tools

The inclusion of AI in Compliance-as-Code is both promising 
and controversial. Vadisetty et al. (2023) highlight how AI-
powered tools can:

Automatically generate policy rules from natural • 
language regulatory texts

Suggest remediation strategies using learned compliance • 
patterns

Scan codebases and infrastructure for violations during • 
development

However, challenges of interpretability and governance 
remain. These tools often function as black boxes, and 
without proper transparency, they can generate overly 
conservative or imprecise policies, resulting in friction or 
compliance fatigue among developers (Farroha & Farroha, 
2014).

Case Insight: In one financial tech firm using an AI-based 
policy generator, initial results were mixed. While false 
negatives (missed violations) decreased by 35%, the false 
positive rate increased significantly, causing delays in 
deployments and pushback from DevOps teams.

Risks, Ethical Dilemmas, and Human Limitations

Despite the apparent gains, several risks and limitations 
emerge in the implementation of Compliance-as-Code:

Over-Reliance on Automation• : There is a risk that 
organizations treat automated compliance as a silver 
bullet, ignoring the contextual interpretation of 
regulations. As Michener & Clager (2016) argue, 
compliance is not just a checklist but also a legal and 
ethical interpretation—something that cannot be fully 
automated.

Ethical Ambiguity in AI-Generated Rules• : AI tools that 
translate legal text into policy code may misinterpret 
or oversimplify nuanced regulatory requirements. This 
raises serious ethical concerns, especially in high-stakes 
industries such as healthcare or finance (Vadisetty et al., 
2023).

Cultural Resistance and Literacy Gaps• : Not all teams 
are equipped to understand or trust Policy-as-Code, 
especially when written in domain-specific languages 
like Rego or Sentinel (BarTsi’c, 2012). This often leads 
to resistance from legal, audit, or compliance personnel.

Figure 4. Common Risks in Compliance-as-Code Adoption
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Over-reliance on AI outputs• 

Policy misalignment with legal interpretation• 

Increased cognitive load for developers• 

Toolchain lock-in• 

A diagram showing a flow of risks from automation through 
policy enforcement

Tensions in the Literature and Gaps in Practice

There is divergence in the literature regarding how “ready” 
Compliance-as-Code is for mainstream adoption:

Optimistic View• : Vadisetty et al. (2023) and Abrahams 
& Langerman (2018) believe that automation can 
match regulatory velocity and reduce human error 
significantly.

Skeptical View• : Michener & Clager (2016) and Farroha 
& Farroha (2014) argue that automation without 
governance can produce a false sense of compliance and 
shift accountability away from human judgment.

Gaps in Research• : There is little investigation into how 
SMEs with limited DevOps maturity adopt or adapt CaC. 
Additionally, the cross-functional dynamics, such as 
how legal and engineering teams co-author policies, 
remain understudied (Österberg, 2020).

Real-World Example: DevOps in Government Cloud 
Platforms

In a government cloud modernization initiative, teams used 
OPA integrated with Kubernetes admission controllers to 
enforce access control and encryption standards. Compliance 
checks ran on every deployment, reducing post-deployment 
incidents by 50%. However, the rigid structure of OPA 
policies required ongoing collaboration with legal advisors, 
highlighting the importance of human-in-the-loop validation 
(Secure DevOps Practices, 2021).

Summary of Findings

The findings suggest that while Compliance-as-Code 
significantly improves compliance enforcement, audit 
readiness, and developer efficiency, it introduces new 
complexities in interpretability, tool integration, and 
cultural acceptance. AI tools can accelerate rule creation 
and detection, but should be applied with clear human 
oversight to avoid compliance theater and unintended 
consequences.

DISCUSSION
The increasing complexity of digital compliance frameworks 
(e.g., GDPR, HIPAA, PCI-DSS, FedRAMP) is causing traditional, 
manual compliance methods to become progressively non-
scalable in dynamic software delivery pipelines. The DevOps 
movement, which emphasizes continuous integration, 
delivery, and feedback, inherently conflicts with traditional 
compliance models that are slow, human-dependent, and 

retrospective (Mohan & Othmane, 2016). Compliance-as-
Code (CaC) emerges as a promising solution, aiming to 
integrate compliance directly into the software development 
lifecycle using automated, version-controlled, and executable 
policies.

Reconciliation of Velocity and Compliance

A central theme in this discussion is the reconciliation 
of speed (velocity) with regulatory adherence. DevOps 
is intended to be fast in iteration and deployment. Yet, 
compliance processes have historically been rigid, linear, 
and periodic (Sharma & Coyne, 2015). CaC helps bridge 
this divide by embedding compliance validations within CI/
CD pipelines, thus transforming compliance from a post-
development bottleneck to a real-time, integrated function 
(Abrahams & Langerman, 2018).

As the literature indicates, organizations that have 
operationalized CaC reported reduced cycle time for 
audit preparation and higher consistency in compliance 
enforcement (Secure DevOps Practices, 2021). Specifically, 
it is applicable in high-frequency implementation cases like 
e-commerce, financial applications, and healthcare systems. 
However, as Michener and Clager (2016) argue, automation 
does not absolve teams from the need for interpretative 
judgment, particularly when regulations are ambiguous or 
in conflict. 

Compliance-as-Code: More Than a Technical Solution

Although CaC is often discussed in technical terms—e.g., 
as configurations, scripts, or DSLs—it is fundamentally a 
socio-technical transformation. Successful implementation 
demands not only the use of tools such as OPA or Sentinel but 
also a shift in organizational culture and skillsets (Callanan & 
Spillane, 2016).

For example, the use of domain-specific languages (DSLs) 
like Rego introduces new challenges: while machine-
readable, they are often not human-readable to non-
developer stakeholders such as compliance officers and 
auditors (BarTsi’c, 2012). This creates translation gaps that 
may lead to compliance misalignments or audit disputes. A 
proposed solution is “policy co-design”, where legal, security, 
and DevOps teams collaboratively define and iterate 
on compliance rules—yet this practice remains under-
researched (Lindgren & Münch, 2015).

The Role and Risk of AI in Compliance-as-Code

The incorporation of Generative AI and machine learning 
models into compliance pipelines offers new possibilities. As 
reviewed by Vadisetty et al. (2023), AI models can interpret 
natural language regulations, generate rule code, and 
suggest compliance remediations—dramatically reducing 
time-to-compliance. However, the opacity of these models 
and their inability to fully interpret the legal context or 
ethical implications pose risks of false assurance and non-
compliance in edge cases.
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For example, a machine-generated policy that misclassifies 
data retention limits could result in either excessive data 
purging (creating loss of business intelligence) or under-
retention (leading to legal penalties). This aligns with 
concerns raised by Farroha and Farroha (2014), who caution 
that compliance in DevOps must be anchored in mission 
needs and trust, not just automated efficiency.

Moreover, as these AI tools evolve, ethical dilemmas arise, 
such as:

Who is accountable for an AI-generated compliance • 
violation?

How can we audit and explain the decisions made by • 
black-box models?

Should AI be allowed to override human judgment in • 
policy enforcement?

These questions suggest the need for explainable AI (XAI) 
and human-in-the-loop governance frameworks—areas 
largely absent from current DevOps literature.

Fragmentation, Maturity Gaps, and Adoption Barriers

Despite its potential, CaC adoption is far from uniform 
or mature. The literature reveals inconsistent definitions 
and implementations of the concept. While some view 
it as merely scripting audit controls, others advocate for 
holistic compliance lifecycle automation—from detection 
and remediation to reporting and continuous learning 
(Österberg, 2020).

Small and medium enterprises (SMEs), in particular, face 
tooling complexity, resource constraints, and governance 
ambiguity, which slow their CaC adoption. There is also a 
knowledge barrier: compliance staff may lack the technical 
skills to define policy-as-code, while DevOps engineers 
may lack the legal literacy to encode policies accurately 
(Smeds et al., 2015). These gaps point to the urgent need for 
interdisciplinary education, simplified tooling, and common 
compliance DSLs.

These contradictions point to a lack of standardization in 
how CaC is defined, implemented, and evaluated, particularly 
when AI tools are involved.

Real-World Insight: Mini Case in Healthcare DevOps

In a healthcare software company subject to HIPAA 
regulations, the implementation of CaC using OPA policies 
within Kubernetes clusters resulted in immediate wins, 
such as real-time enforcement of data isolation rules and 
automated reporting for audit readiness. Yet, a problem 
occurred when some new regulatory updates demanded an 
immediate policy revision.

CONCLUSION
The integration of Compliance-as-Code (CaC) into DevOps 
environments represents a fundamental shift in how 
organizations manage regulatory obligations in the face of 
increasing software delivery velocity. As development cycles 

become more rapid and distributed, traditional compliance 
processes—often manual, reactive, and detached from 
development workflows—are rendered insufficient, costly, 
and risky (Abrahams & Langerman, 2018; Sharma & Coyne, 
2015).

This paper has theorized and discussed CaC as a technical 
and organizational change critically. It has reviewed what 
is possible, what enables, and what the limits of integrating 
compliance logic into software pipelines as synthesized 
across available academic and industry literature. The 
findings suggest that while the automation of compliance 
enforcement through machine-readable policies provides 
measurable benefits—such as reduced audit preparation 
time, improved policy consistency, and real-time detection of 
non-compliance—its effectiveness is conditional on human 
oversight, collaborative policy co-design, and adaptable 
governance structures (Mohan & Othmane, 2016; Michener 
& Clager, 2016).

In addition, a newly emerging role of AI-generated policy 
creation opens up new horizons of optimizing compliance, 
especially in dynamic clouds native environments. However, 
this advancement also invites risks, including model bias, 
interpretability issues, accountability ambiguity, and 
ethical dilemmas (Vadisetty et al., 2023; Farroha & Farroha, 
2014). These issues highlight the importance of the fact 
that automation should be supported by professional 
human opinion and cross-functional teamwork rather than 
substituted by it.

Furthermore, the absence of a standard in compliance 
DSLs, the differences in the definitions of CaC in different 
organizations, and the gap in skills between legal and 
technical teams can be seen as substantial hindrances 
to adoption as well. Case insights from sectors such as 
healthcare and finance reveal that while CaC can enhance 
regulatory agility, its success depends on continuous policy 
evolution, stakeholder alignment, and sociotechnical system 
thinking (Secure DevOps Practices, 2021; Österberg, 2020).

RECOMMENDATIONS
Based on identified evidence and gaps, there are several 
recommendations:

Develop Standardized DSLs for Compliance Policies: Domain-
specific languages should balance machine-readability with 
human interpretability to facilitate collaborative policy 
design between legal, security, and DevOps teams (BarTsi’c, 
2012).

Embed Compliance Training in DevOps Culture: Organizations 
should invest in compliance literacy programs for engineers 
and technical upskilling for legal/compliance officers to 
reduce role-based silos (Callanan & Spillane, 2016).

Promote Human-in-the-Loop AI Governance: Any AI-
generated compliance rule should undergo human validation, 
and mechanisms for AI explainability should be required to 
enhance trust and auditability (Vadisetty et al., 2023).
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Align Regulatory Frameworks with CaC Principles: 
Policymakers should explore publishing regulations in 
structured, machine-readable formats to support real-time 
automation and verification (Abrahams & Langerman, 
2018).

Future scholarly effort ought to focus on unresolved 
paradoxes in CaC definitions, the socio-organizational 
processes of implementing the same, as well as the long-
term effects of AI-produced policies.

REFERENCES
Abrahams, M. Z., & Langerman, J. J. (2018). Compliance at 1. 
velocity within a DevOps environment. 2018 Thirteenth 
International Conference on Digital Information 
Management (ICDIM), 94–101. https://doi.org/10.1109/
ICDIM.2018.8847007

BarTsi’c, A. (2012). Iterative evaluation of domain-2. 
specific languages. CEUR Workshop Proceedings, Vol. 
1115. http://ceur-ws.org/Vol-1115/src4.pdf

Beal, V. (2016). What is DevOps (Development and 3. 
Operations)? Webopedia.com. http://www.webopedia.
com/TERM/D/devops_development_operations.html

Callanan, M., & Spillane, A. (2016). DevOps: Making it 4. 
easy to do the right thing. IEEE Software, 33(3), 53–59. 
https://doi.org/10.1109/MS.2016.66

Cruzes, D. S., & Dyba, T. (2011). Recommended steps 5. 
for thematic synthesis in software engineering. 2011 
International Symposium on Empirical Software 
Engineering and Measurement, 275–284. https://doi.
org/10.1109/ESEM.2011.36

Farroha, B. S., & Farroha, D. L. (2014). A framework 6. 
for managing mission needs, compliance, and trust 
in the DevOps environment. 2014 IEEE Military 
Communications Conference, 288–293. https://doi.
org/10.1109/MILCOM.2014.54

Lindgren, E., & Münch, J. (2015). Software development 7. 
as an experimental system: A qualitative survey on the 
state of the practice. In C. Lassenius, T. Dingsøyr, & M. 
Paasivaara (Eds.), XP 2015. Lecture Notes in Business 
Information Processing, 212, 117–128. https://doi.
org/10.1007/978-3-319-18612-2_10

Michener, J. R., & Clager, A. T. (2016). Mitigating an 8. 
oxymoron: Compliance in a DevOps environment. 2016 
IEEE 40th Annual Computer Software and Applications 
Conference (COMPSAC), 396–398. https://doi.
org/10.1109/COMPSAC.2016.155

N. Hubballi and H. Dogra, “Detecting Packed Executable 9. 
File: Supervised or Anomaly Detection Method?,” 2016 
11th International Conference on Availability, Reliability 
and Security (ARES), Salzburg, Austria, 2016, pp. 638-
643, https://doi.org/10.1109/ARES.2016.18

Österberg, G. (2020). A systematic literature review 10. 
on DevOps and its definitions, adoptions, benefits, 
and challenges. URN.fi. https://urn.fi/URN:NBN:fi-
fe202003319849

Secure DevOps Practices and Compliance Requirements 11. 
in Cloud E-Retail Ecosystems. (2021). Nuvern Applied 
Science Reviews, 5(3), 1–12. https://nuvern.com/index.
php/nasr/article/view/2021-03-04

Sharma, S., & Coyne, B. (2015). 12. DevOps for dummies®, 
IBM limited edition (2nd ed.). John Wiley & Sons, Inc.

Smeds, J., Nybom, K., & Porres, I. (2015). DevOps: A 13. 
definition and perceived adoption impediments. In C. 
Lassenius, T. Dingsøyr, & M. Paasivaara (Eds.), XP 2015. 
Lecture Notes in Business Information Processing, 212, 
166–177. https://doi.org/10.1007/978-3-319-18612-
2_14

Vadisetty, R., Polamarasetti, A., Prajapati, S., & Butani, J. 14. 
B. (2023). Leveraging generative AI for automated code 
generation and security compliance in cloud-based 
DevOps pipelines: A review. SSRN. https://eudoxuspress.
com/index.php/pub/article/view/2013

Citation: Venkata Surendra Reddy Narapareddy, Suresh Kumar Yerramilli, “Devops Compliance-as-Code”, Universal 
Library of Engineering Technology, 2024; 1(2): 47-54. DOI: https://doi.org/10.70315/uloap.ulete.2024.0102008.

Copyright: © 2024 The Author(s). This is an open access article distributed under the Creative Commons Attribution 
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is 
properly cited.


