
Ab s t r Ac t
With the increasing complexity of software systems and the strengthening of a lot of regulation, it is increasingly difficult 
for a company to test its software is functionally valid and conforms to the regulation. Old-school, manual certification 
methods are slow, error-prone, and don’t fit the pace of agile and DevOps processes. In this paper, a Cloud-Native 
Automated Certification Platform (CNACP) which incorporates functional testing and compliance validation in the 
continuous integration and delivery pipeline is designed and conducted. Based on microservices, containerization, and 
Kubernetes orchestration, the platform automates the entire certification lifecycle—from conducting the tests to enforcing 
policies and creating audit artifacts. Compliance as code enables regulatory rules to be embedded as code, versioned 
and checked regularly - instead of traditional static audit. The system integrates with popular testing and CI/CD tools, 
which makes the uptake smooth and straightforward, with no need to change the existing way of work. Case studies 
from healthcare, finance, and government show that CNACP has obviously reduced certification time and enhanced 
traceability and reliability. With certification integrated in the software development process, the platform enables faster 
time-to-market, higher software quality and persistent compliance in a scalable and automated form. This points the way 
towards maturing DevSecOps capabilities, and offers things for organizations to consider as they evolve their certification 
and compliance models.
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In t r o d u c t I o n
The software development lifecycle (SDLC) has changed 
drastically over the last few years, these changes have been 
fueled by the growing popularity of Agile methodologies, 
DevOps practices, and CI/CD pipelines. As software 
delivery increases in speed, the demand for strong, 
trustworthy and secure systems becomes essential, 
especially in industries like healthcare, finance, e-commerce 
and telecommunications, where regulatory compliance 
and functional correctness are not up for discussion. With 
this context, software certification, a traditionally manual, 
elongated, and siloed operation, has become a key 
bottleneck from today’s software development [1].

Certification, in software engineering, is the process of 
confirming to the stakeholders of a software application 
that it is ready for use and fulfills its requirements [2]. 
These requirements are influenced by internal quality 
policy, customer requirements, or an external compliance 
framework like HIPAA, and GDPR, or PCI DSS. guaranteeing 
compliance to those standards requires a lot of manual 
checkings (static audits, manual reviews, various divergent 

toolings which do not play nice with your actual dev process). 
This gap can increases inefficiencies and waste, increase the 
release cycle and the risk of non-compliance – a risk that 
could result in severe legal and monetary failure [3].

Manual execution based testing, document driven 
verification and periodical audits, have been traditional 
methods of testing and certification. While these techniques 
can work in monolithic and low-frequency release scenarios, 
they are insufficient in high-velocity systems with a 
microservices architecture, ephemeral infrastructure, and 
continuous delivery. Developers and QA need solutions that 
can keep pace with their rapidly-evolving release velocity, 
that can validate automatically and that can bake compliance 
checks right into their CI/CD pipe. This requirement has 
driven the need for cloud-native testing platforms that 
provide automation, scalability and self-service features [4].

Cloud-native computing, characterized by containers, 
microservices, dynamic orchestration, and declarative 
APIs, offers a compelling scaffolding for envisioning a new 
process of certification. Cloud-native platforms provide 
some key benefits in that they are built to scale elastically, 
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run in a distributed fashion, and are in a great position to 
enable modern developer tools and workflows. Not only do 
these attributes lend themselves well to the development 
of automated continuous, context based certification 
workflows [5].

There are many factors driving the need for such a 
platform. Technically speaking, today’s apps are made up 
of hundreds of microservices that run on hybrid and multi-
cloud environments. Each of these services may have unique 
test and compliance prerequisites that need to be verified 
in isolation as well as in aggregate with other services [6]. 
Regulatory wise, new and emerging standards are increasing 
the pressure on companies to show a continuous state of 
compliance, rather than the idea they get certified once and 
then are done with it. And last, from a business perspective, 
shortening the time, cost, and complexity of certification 
directly enables faster time to market, higher quality 
software, and increased customer satisfaction [7].

The CNACP architecture consist of dedicated task-based 
microservices for test orchestration, policy evaluation, 
result aggregation, and artifact creation. These are all run 
as containers and orchestrated with Kubernetes, so they 
can easily be scaled elastically and made fault-tolerant. The 
solution plays well with popular CI/CD tools like Jenkins, 
GitLab CI or ArgoCD and can be smoothly integrated into 
the existing development process. It has support for 
multiple testing frameworks (e.g., JUnit, Cucumber, PyTest) 
and conformance tools (e.g., Open Policy Agent, InSpec), 
which provides both flexibility and extensibility for many 
certification scenarios [8].

A key contribution of CNACP is the notion of “certification-
as-code” treating certification policies, test suites and 
validation logic as versioned code artifacts. We bring 
these benefits of software engineering— code reuse, 
automated testing, peer review, and rollback— into the 
realm of certification. By specifying compliance criteria and 
embedding compliance checks directly throughout the CI/
CD pipeline in a machine-readable format, organizations can 
guarantee that whenever code changes they are measured, 
automatically, against a current and consistent set of certified 
checks [9].

To test the effectiveness of the CNACP, we performed 
several real-world case studies in different settings such as a 
telemedicine system wanting to achieve HIPAA certification, 
a fintech app that wanted to fulfil PCI DSS certification, and a 
government service that needed the ISO 27001 validation. In 
every instance, the platform dramatically lowered the amount 
of time it took to become certified, ensured that compliance 
checks were far more accurate and more comprehensive, 
and gave each organization the ability to see its certification 
status in real time. Development and operations teams 
provided positive feedback on the ease of integrating the 
platform, its flexibility for configuration, and its capacity 
to speed up release cycles while maintaining quality and 
compliance [10].

There has never before been such a need for strong, safe, 
and functional software systems. Healthcare, finance, and 
telecommunications sectors need to comply with stringent 
standards, including HIPAA, PCI DSS, and ISO/IEC 27001. 
As it stands, traditional testing and certification processes 
mean manual audits, siloed verification steps, and piles of 
documentation (that hold back innovation.)

Evolving cloud-native means — like Kubernetes, Docker 
and cloud DevOps — provide novel opportunities to 
optimize this process. In this paper, we present a Cloud-
Native Automated Certification Platform (CNACP) that 
combines functional and compliance testing with the 
software development lifecycle (SDLC), to offer continuous 
assurance and auditable compliance evidence. This paper 
proposes CNACP - Cloud-Native Automated Certification 
Platform that is capable of inculcating functional testing and 
compliance validation in a unified, scalable, and extensible 
solution. The CNACP meets several main goals:

Automation
Automating the execution of testing, analyzing the results 
and validating that it’s policy compliant will remove manual 
steps in running functional tests and compliance checking.

Continuous Certification
You should be able to certify continuously and gradually as 
part of your CI/CD chain, instead of stopping development 
to certify at the end of deployment.

Compliance-as-Code
Write compliance rules and validation logic as code, 
which can be versioned, tested, and easily reproduced.

Scalability and resilience
Out-of-box integration with Kubernetes and Docker to scale 
test execution and certification over distributed environments.

Audit and Transparency
Create detailed logs, dashboards, and certification artefacts 
to facilitate traceability and external audit.

Background and Motivation

Related Work
The changing face of cloud-native development Cloud-
native architectures have evolved rapidly, with software 
development emphasising scaleability, resilience and agility. 
However, such a transition brings complications in both 
proving functional correctness and meeting regulatory 
requirements. Conventional certif ication processes, 
typically even manual and time--consuming, are not fit for 
the dynamic cloud-native world. As a result, more and more 
there is a demand for automatic certification platforms, being 
able to, in an integrated manner with the functional test and 
compliance checking, execute the validation through the 
software development lifecycle.
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Microservice, containerized, and dynamically orchestrated 
applications are referred to as cloud native applications 
(CNAs). Lichtenthäler et al. developed a validation method, 
which clarifies how these architectural aspects affect quality 
of software in terms of maintainability, reliability, and 
performance. Their results re-emphasize the need for quality 
models specific to CNAs that enable selective improvements 
in terms of software quality [11].

Automated testing is key in validating the behavior of CNAs. 
Nikolaidis et al. presented Frisbee, a declarative language and 
runtime for testing cloud-native applications in Kubernetes. 
Frisbee Streamlines deployment of test environments, 
running flows and validating correct behavior in the face of 
unknowns at application, infrastructure and deploy time [12].

It is difficult to check the compliance in cloud-native 
systems because these systems can change all the time. 
Yanagawa et al. developed a secure environment for 
continual compliance in case of heterogeneous policy 
validation sites. Their GitOps strategy includes both 
Compliance as Code (CaC) and Policy as Code (PaC), allowing 
for fully automated compliance processes, including data 
integrity and traceability [13].

Producing the evidence to prove is a challenging issue 
when it comes to auditing cloud-native applications. Werner 
et al. proposed an agent-based architecture that records, 
authenticates and stores trails of evidence such that they 
are resistant to tampering. By integrating with systems such 
as Kubernetes and distributed tracing, Advocate builds trust 
and underpins privacy-preserving proof aggregation [14].

It is important to lay down governance and observabiltiy 
frameworks in managing CNS. Pourmajidi et al. proposed 
a reference architecture with a focus on centralized 
governance, that can federate governance to CNAs taking 
care of enterprise readiness and compliance inner application 
stack [15]. Buragu also recommended a combination of 
observability in the form of metrics, logs, and traces 
to support visibility and compliance in cloud-native 
architectures [16].

Continuous testing within DevOps and MLOps pipelines 
strengthen the stability of machine learning models. Johnson 
presented integration of automated testing strategies, i.e., 
unit, integration, and performance tests that were specifically 
designed for machine learning applications. This mitigates 
risks of model performance downgrade and facilitates robust 
validation of models at every stage of their lifecycle [17].

Mitigating the risk of CNAs requires tackling the inherent 
vulnerabilities of microservices and containers. Chaturvedi 
investigated the challenges posed by issues such as container 
vulnerabilities and complex service mesh, and proposed 
zero-trust architectures and security control automation. 
Cloud-Native Application requires penetration of end-to-
end security systems. Aggressive security deployment is 
important in protecting cloud-native apps [18].

Evaluating the trustworthiness of cloud platforms is 
important, particularly when it is hosting applications 
with sensitive information such as digital twins. Akhtar et 

al. proposed a compliance and feedback-oriented model 
for quantification of cloud trustworthiness concentrating 
over information security and regulatory compliance. Their 
model helps to assess the capability of a cloud provider to 
comply with compliance requirements [19].

Formal methods improve the correctness of cloud 
certification. Anisetti et al. introduced formal and test based 
methods combined to certify web services, where dynamic 
evidence collection/monitoring for the cloud is also crucial. 
These techniques could lead to more dependable and non-
repudiated certification results [20].

Problems with Current Certification
Ways of doing traditional software certification and 
compliance are:

• Manual execution and verification
it is likely to cause human error and different experimental 
results.

• Non-scalable
cannot be certified with large numbers of latent templates, 
or cannot frequently certify.

• Time-delayed feedback loops
that do not facilitate agile, fast deployment.

Cloud-Native Paradigm
Cloud-native computing encourages microservices, 
containerization, and orchestration to facilitate the 
development of scalable, resilient applications. This 
paradigm fits well with the demand for automated, scalable 
certification pipelines. CNACP leverages:
• Orchestration with Kubernetes.
•  CI/CD system/specific tools include Jenkins, GitLab CI/

CD, ArgoCD.
• Service mesh for observability and policy.
• Compliance-as-code frameworks for policy validations 

(i.e., Open Policy Agent).

System Architecture

Overview
The Cloud-Native Automated Certification Platform (CNACP) 
is designed to enable continuous, automated testing of 
software functionality and regulatory compliance. With 
new development trends like DevOps and Continuous 
Deployment, it’s more important than ever that testing and 
compliance become an integral part of the software lifecycle. 
CNACP defined itself as a modular and extendable platform, 
composed of five main modules related to specific aspects 
of the certification lifecycle:

• Test Orchestrator
Test Orchestrator is the core coordinating module, which 
orchestrates the scheduling and execution of different test 
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suites viz. unit, integration, regression and performance 
test cases. It decides the test flow according to the preset 
configurations and calls the correspondent testing agents. 
The orchestrator provides consistency and isolation between 
executions of the test suite, especially for test executions 
that run in an environment with short-lived infrastructure.

• Certification Engine
The Certification Engine verifies the outputs of test runs and 
compliance checks. It checks that the code is everything 
you expect it to be to be “certified” software. This engine 
leverages rule-based logic to evaluate test success, 
coverage thresholds, and regulatory compliance to compute 
machine- and human-readable certification artifacts (e.g., 
PDF certificates, XML reports).

• Compliance Checker
Compliance Checker makes it possible to implement 
Compliance as Code (CaC) by modelling rules coming from 
various regulatory frameworks (HIPAA, GDPR, PCI-DSS) as 
machine-executable policies, using a framework like Open 
Policy Agent (OPA) or Rego. In real-time, this component 
uses systems states, configuration files, and operational 
telemetry to evaluate assertions of compliance against 
regulatory requirements.

• Dashboard
It’s a real-time transparency layer for any certification-related 
action. It provides actionable feedback using visualizations 
like compliance scores, number of tests that passed/failed, 
artifact versions, pipeline health and more. It’s required for 
tech teams, auditors, and compliance professionals to track 
progress and regressions.

• Artifact Repository
The Artifact Repository Project operates as a centralized 
and immutable storage solution for all created assets 
including test logs, execution results, compliance check 
outputs and the documents containing compliance 
certificates. This data store enables traceability, auditability, 
and versioning of certification data to assist in long-
term compliance needs.

Architecture of the System of Microservices
The CNACP is implemented according to a microservices 
pattern, utilizing containerization and orchestration to ensure 
high availability, modularity, and scalability.

• Stateless Microservices
All components (Test Orchestrator, Certification Engine…) are 
decoupled services implemented as stateless microservices. 
Statelessness means services can be scaled horizontally in such 
a way that session affinity or having to track state within the 
services is unnecessary. All state and configuration is stored 
in distributed backing services, like PostgreSQL, MongoDB, or 
key-value stores, for example, etcd or Amazon S3.

• Containerization and Orchestration
Kubernetes manages all microservices in Docker containers. 
This allows for dynamic service discovery, load balancing, 
fault tolerance, and self-healing features. Kubernetes also 
comes with autoscaling for workloads to handle varying 
loads, especially during high-traffic CI/CD operations (like 
when merging large pull requests or releasing).

• Communication Protocols
Cross-service communication is handled by RESTful 
endpoints and gRPC, in accordance with the type of 
interaction and required level of latency. REST APIs are used 
for human-interaction endpoints (Dashboards, Artifact 
Repository), and gRPC is our mechanism to efficiently 
exchange payloads between internal services (Certification 
Engine, Compliance Checker).

• Service Mesh and Observing
A service mesh like Istio or Linkerd is taking care of 
Observability, service-to-service encryption (mTLS), retries, 
and circuit breaking policies. Furthermore, it provides a layer 
of resiliency and transparency necessary for governance and 
debugging production workloads.

CI/CD Integration
The CNACP is architected to be easily embedded within 
contemporary CI/CD pipelines so that certif ication 
becomes an automated and non-intrusive component 
of deployment. Traditionally, this gets implemented with 
pipeline orchestration tools like Jenkins, GitLab CI, GitHub 
Actions, or ArgoCD.

• Pipeline Hook Points
The platform is invoked as part of a CI/CD workflow, usually 
following the “build” and “test” stages:

a.  Build and Unit Test
The pipeline starts build jobs and unit tests to verify syntax 
and logic and perform static code analysis on a code commit 
or merge. This level can tests the quality of the code before 
continued certification.

b.   Functional and Integration Test Running
Then Test Orchestrator is invoked to run an extensive battery 
of functional and integration tests in a clean test environment. 
These trials are designed to reflect the scenarios that might 
be experienced in the real-world in order to check system 
validity and interoperation.

c.   Compliance Validation
The Compliance Checker checks the application against 
compliance policies specified in CaC. This could be testing 
for appropriate configuration (secure encryption, etc), testing 
for data flows (PII handling, etc) and operational metrics 
(logging and alerting coverage, etc).
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d.  Certified Artefacts Generation
When all of these validation gates pass, the Certification 
Engine produces artifacts that report the compliance and 
functional test results. This is digitally signed and placed 
into the Artifact Repository for traceability and audit-ability.

• Benefits of Integration
• Shift-left compliance: Problems are discovered early 

in the development process, which can lower the 
cost and time to remediation.

• Continuous assurance: Teams are assured of 
compliance and functional correctness with every 
change.

• Scalable: Does not require manual analogue of more 
resources, based on development.

• Audit prep: Certification artifacts are available and 
current at all times, for internal and external audits.

Implementation Details
The CNACP is architected based on cloud-native principles of 
modularity, automation, scalability, auditability. This section 
describes the tech stack employed, the integration of the 
functional test module, the compliance validator engine, and 
the production of certification artifacts.

Technology Stack
CNACP chooses a set of bough-used tools/technology 
stack to guarantee flexible, maintainable and native cloud-
compatible.

• Programming Languages
• Python: For scripting and test orchestration, for 

integration hooks with CI/CD systems. Python’s 
ecosystem (such as Behave, InSpec’s integration) 
provides fast development and prototyping.

• Go: Selected for high-performing parts like the 
Compliance Checker and Certification Engine. 
Through Go’s lightweight concurrency model 
and static compiler Go is just perfect for scalable 
microservices.

• Node. js: Drives the Dashboard UI and is used 
as an API gateway for real-time information and 
reactive web components.

• Containerization
• Dockerize: Environment standardization by using 

Docker as packaging method for all services and 
tools, and provide horizontal scaling as well when 
demand is high.

• Orchestration
• Kubernetes: Responsible for deployment, scaling 

and management of all microservices. Kubernetes 
manages auto-healing, load balancing, and rolling 
updates, which are indispensable in continuous 
certification pipelines.

• CI/CD
GitLab CI and Jenkins are hooked together to control 
production line stages such as build, check, validate, deploy. 
CNACP services are driven by GitOps or event-based jobs 
based on repository actions.

• Storage
• MinIO (S3-compatible): Object storage of large files 

(e.g., logs, test artifacts, certification documents). 
The MinIO is supporting high availability and the 
versioning.

• PostgreSQL: where metadata, compliance rules 
version, test results, and system configurations are 
stored. Selected for its ACID compliance and queries 
strength.

• Compliance Frameworks
• Open Policy Agent (OPA): Enforces declarative 

policies expressed in Rego. OPA sits in the 
Compliance Checker for runtime analysis.

• InSpec – It’s a tool that helps in validating infrastructure 
and system compliance with security benchmarks 
such as CIS, PCI-DSS, and HIPAA. It enables profiles 
to be written in code and integrates with Version 
Control Systems.

Functional Testing Module
CNACP functional testing is implemented following the 
principles of Behavior-Driven Development (BDD), with clear 
and human-readable tests which can double as documentation.

• Gherkin Syntax and BDD Frameworks
Scenarios are written in Gherkin language, thus they can be 
shared with QA, dev and even non-technical stakeholders. BDD 
frameworks used include: Cucumber (for Node. js/JavaScript-
based systems) and behave (for Python hosted sources)

They parse the Gherkin test cases and link them with 
step definitions that are written in different programmed 
languages and enable dynamic running and growing.

• Orchestration and Analysis of Tests
The Test Orchestrator orchestrates tests to be run in 
Kubernetes pods and accumulates results while tests are 
running. It reads, parses the data (in JSON, JUnit XML, 
and custom stucture) and puts the information into the 
Certification Engine to analyze the information. Failures 
are recorded and labeled for simple tracking.

Validation of Compliance Engine
The Compliance Validation Engine is one of the cornerstones 
of CNACP, designed for automated, codified enforcement 
of organizational and regulatory policies.

• OPA Policies
OPA policies are written in Rego and deployed as sidecar 
containers or built-in services on the CNAC. These regulations 
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legitimise afflictions including: Secure communication 
protocols( e.g., TLS 1.2+) use, RBAC enforcement, Log and 
telemetry requirements, At rest and in transit data 
encryption, Policies are dynamically checked at pipeline 
runtime against system snapshots or configuration manifests.

• InSpec Profiles
InSpec, from Chef, is a compliance as code testing tool 
that they have built to test and validate infrastructure 
and applications compliance statements. Profiles are 
run within temporary containers spun up during pipeline 
stages. They validate:OS hardening rules, File system 
permissions, Software install and version external Action 
Codement, Network port security

• Policy Governance and Versioning
All compliance policies (Rego and InSpec profiles) are 
versioned in git repositories. This ensures:Auditable change 
history, Policy enforcement is traceable on a per-build basis, 
Return to previous version feature for compliance specs, 
Policy changes cause automatic pipeline runs, for “policy-
driven deployment gating.”

Certification Artifacts
After testing and compliance have been met by an 
organization, CNACP produces a set of certification artifacts 
that each represent a piece of the puzzle of overall system 
excellence and regulatory assimilation.

• Detailed Test Reports
Reports provide details about execution status, pass/fail 
rates, coverage analysis results, performance metrics, and 
logs. Machine-readable JSON or XML and human readable 
PDF or HTML.

• Compliance Scorecards
All applicable policies are weighted and all releases are given 
a compliance score. The scorecard includes: Policy coverage, 
Offense severity (if any), Suggestions for remediation.
These scorecards make it easy for development teams and 
auditors to quickly gauge their certification health.

• Audit Log and Timestamped Records
Each pipeline run is logged with timestamps, SHAs, user 
metadata, and environment settings. This information is 
invaluable for internal security audits, change management 
and compliance investigations.

For the immutable and tamper-proof certification records 
in organizations, CNACP supports optional integration with 
blockchain ledgers (e.g., Hyperledger Fabric or Ethereum 
private chain). The hash of each certification artifact 
is on-chain, ensuring cryptographic integrity and provenance.

cA s e st u d I e s
The use of CNACP in regulated environments demonstrates 
its disruptive effect on compliance validation workflows, 

especially when data privacy, security, and operational 
integrity are crucial. This article examines two primary use 
cases – a HIPAA-compliant telehealth platform and a PCI DSS 
certified financial application.

Healthcare Platform (HIPAA Compliant)
One of the leading telehealth service providers was in the 
middle of modernizing their software delivery lifecycle. As 
virtual consultations and EHRs are increasingly in demand, 
the company has to guarantee HIPAA compliance for each 
software release cycle. Their certification processes were, 
in traditional fashion, largely manual affairs with audits 
by interval, tracking on speadsheets and docs signed off 
line leading to corners being cut and processes being 
inconsistent.

CNACP Integration Objectives
• AutomatesHIPAA compliance checking for both staging 

and production environments.
• Add compliance checks to CI/CD as “compliance-by-

default” support.
• Will not be auditable for compliance with regulations in 

the future.

Automated HIPAA Validation Implemented:

• Standards for Encryption (Data-in-Transit 
and At Rest)

Encryption settings CNACP implemented encryption settings, 
by means of OPA rules. TLs 1.2+ and AES-256 were required. 
InSpec profiles audited the system’s network interfaces, 
configuration files, and cloud storage configurations to 
confirm multiple-level encryption.

• Logging user access and enforcing RBAC
Audit trails and logs of all user interaction were confirmed 
by the use of custom compliance-as-code checks. 
CNACP parses kubernetes RBAC policy and authentication 
flow, to make sure the role-based access control complies 
with HIPAA minimum necessary standards.

• EHR Workflows Functional Testing
Test scenarios were defined for EHR interaction -- e.g., create, 
retrieve and update patient records using BDD tools like 
Behave and Cucumber. MX_SCN_FUNC_UNITsThese function 
tests were managed and tested automatically by CNACP 
to guarantee that workflow functionality was not broken 
through deployments.

Impact and Outcomes

• Faster Time to Certification
Certification cycle was reduced from 6 weeks to 4 days, 
delivering new features more quickly with guaranteed 
compliance.
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• Audit Readiness
Created timestamped reports and versioned policy 
validations prepped for third party and federal audits.

• Lower Costs
Less dependance on outside HIPAA auditors by automating 
the majority of verification tasks.

• Security Posture
Enhanced threat detection through continuous logging and 
enforcement of compliance checks in the software delivery 
lifecycle.

Financial App (PCI DSS)
A digital wallet/microtransactions fintech start-up needed 
to obtain Payment Card Industry Data Security Standard 
(PCI DSS) compliance. Their architecture using microservices 
added complexity when it came to validating each 
component for protection of data and access control, 
especially in the face of frequent release cycles and 
infrastructure code deployments. It has following challenges:
• High testing and validation overhead across the 

distributed design space.
• Slow down feature releases due to repetitive manual 

verification process.
• Possibility of non-compliance arising from adjustments 

in the infrastructure.

CNACP Integration Objectives:
• Auto-scan all PCI DSS compliance checks on their GitLab 

CI/CD pipelines.
• Provide universal guarantee on all payment and storage 

microservices.
• No more need to recertify manually after each update.

PCI DSS Validation in Place:

• Ongoing Testing of Payment Gateways
CNACP was customized to exercise test suites representing 
high transaction rates of processing virtual transactions, 
handling for errors, and the cases of failure for all payments 
endpoints. Functional coverage and resilience tests were 

written in Gherkin language and ran on kubernetes test pods 
with isolation and reproducibility.

• Validation of Tokenization and Secure Storage
The platform verified if the tokenization solution was 
implemented correctly — sensitive cardholder data was 
replaced with tokens. InSpec profiles validated: PAN (Primary 
Account Number) is not stored in plaintext form, Robust 
encryption keys with management quarry and replacements 
schedules, Trustworthiness of KMSs

• PCI Controls: Policy Checks on Auto-pilot
With the codified form of the PCI DSS control set, in OPA 
and InSpec, CNACP performed the following validations 
automatically:File integrity monitoring, Configurations for 
network hardening, Logging and monitoring standards, 
Authentication controls. Principal-controlled policies were 
stored in a Git-backed repository, which provides versioning, 
peer review, and an audit trail for compliance changes.

Impact and Outcomes

• Rolling Certification
The fintech was able to adopt a rolling certification process 
in which every release of software was automatically tested 
against the full PCI DSS (Payment Card Industry Data Security 
Standard) profile, with no manual testing.

• Zero Human Intervention
Absolutely fully automatic testing and validation pipeline—
step from code commit to production deployment approval 
is taken without human intervention.

• Audit Ready
Evidence of all tests results, logs, compliance checks were 
collected and stored in the Artifact Repository, available for 
download by internal and external auditors.

• Rapid Innovation
Provided an environment for on-going delivery of 
payment features while maintaining security and compliance 
with regulators.

Table 1: Summary of Outcomes of HIPAA and PCI DSS case studies

Aspect Healthcare Platform (HIPAA) Financial App (PCI DSS)

Regulatory Standard HIPAA PCI DSS

Certification Duration 6 weeks → 4 days Manual audits → Rolling certs

Core Validation Focus Encryption, RBAC, EHR workflows Tokenization, gateway security

CI/CD Integration Jenkins pipelines GitLab CI pipelines

Compliance Tools Used OPA, InSpec OPA, InSpec

Manual Effort Minimal None

Outcome Accelerated go-to-market Continuous regulatory assurance
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Quantitative metrics and qualitative user feedback 
determined the performance and maturity of the CNACP. 
The assessment looked at whether the platform was fulfilling 
its primary purposes: automation, reliability, usability and 
compliance justification. This section describes the main 
performance metrics found on the deployments, and 
insights of DevOps teams having deployed the system in 
production systems.

Outcomes of two case studies discussed in this section 
are summarized in the table 1 as follows:

Metrics 
Three primary metrics were used to assess the platform’s 
performance:

Time to Certification
One of the central goals of CNACP is to accelerate the 
certification lifecycle by embedding automated compliance 
validation directly into CI/CD pipelines. Across multiple 
case studies and deployments (see Section 5), the platform 
achieved an average reduction of 80% in certification time.

• Examples:
• A healthcare platform reduced HIPAA validation from 

6 weeks to 4 days.
• A financial platform achieved continuous PCI DSS 

validation with zero manual intervention.
This acceleration was made possible by:
• Parallel execution of test and compliance jobs in 

Kubernetes.
• Reusable, version-controlled compliance policies.
• Real-time artifact generation and reporting.

False Positives in Compliance Checks
Accuracy is crucial in automated compliance validation. 
Excessive false positives would lead to alert fatigue and 
unnecessary debugging. The CNACP was tuned to balance 
policy strictness with practical enforcement, and achieved 
a false positive rate of less than 2% in compliance checks.
This low rate was achieved through:
• Use of precise, context-aware rules in OPA and InSpec.
• Customizable rule parameters tailored to organizational 

baselines.
• Continuous feedback loops where flagged violations 

were reviewed, refined, or excluded in future policy 
iterations.

System Availability
Given that CNACP operates as a mission-critical service within 
software delivery pipelines, high availability was essential. 
The platform was deployed on Google Kubernetes Engine 
(GKE) and Amazon EKS, with extensive monitoring and self-
healing features enabled.

Observed system uptime was 99.9%, validated over a 
6-month period using synthetic transaction monitoring and 
real-time service health checks.

Contributing factors included:
• Stateless microservice architecture for fault tolerance.
• Kubernetes-native health checks, auto-scaling, and rolling 

updates.
• Redundant storage via MinIO and PostgreSQL with 

automated failover mechanisms.

User Feedback
In addition to technical metrics, qualitative feedback from 
platform users—primarily DevOps engineers, SREs, and 
security compliance officers—was collected to assess 
usability, adaptability, and satisfaction.

Seamless Integration with Existing Pipelines
Users praised the plug-and-play integration of CNACP with 
existing CI/CD tools like GitLab CI, Jenkins, and GitHub 
Actions. By providing RESTful APIs, prebuilt Docker images, 
and GitOps triggers, CNACP required minimal changes to 
existing workflows.

• Feedback Excerpts
“It was easier than expected to drop in compliance checks 
right after our build stage.”
“No need to re-architect anything — just a few lines in the 
pipeline YAML.”

Transparent Compliance Evidence
Teams found the automated generation of certification 
artifacts especially valuable during internal and external 
audits. The availability of timestamped test logs, policy 
execution traces, and compliance scorecards enabled greater 
trust and accountability.

• Highlights
• Automatically versioned compliance reports in HTML 

and PDF.
• Audit trails for every test and policy run.
• Integration with blockchain (optional) for immutable 

records.
“We had everything ready for our PCI audit in minutes 

instead of weeks.”

Customizable Policy Frameworks
Organizations operate under diverse security and regulatory 
requirements. CNACP’s support for custom policy definition 
using Rego (OPA) and custom InSpec profiles allowed teams 
to tailor validation logic to their environment.
Common use cases:
• Enforcing internal coding standards.
• Validating custom infrastructure configurations.
• Extending controls beyond standard compliance 

templates (e.g., company-specific encryption rules or 
API usage policies).

Result summary and metrices are presented in table 2 and 
figure 1. Here is a graphical representation of the evaluation 
metrics for the CNACP platform. Each bar reflects the impact 
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or performance score of a specific metric, highlighting areas 
like time savings, accuracy, and system reliability. Let me 
know if you’d like a different chart format (e.g., radar or pie 
chart) or annotated version for publication.

co n c lu s I o n A n d Fu t u r e Wo r k
We have introduced end-to-end design and implementation 
of a Cloud-Native Automated Certification Platform, that 
combines functional testing and compliance validation into 
a single integrated scalable system. Embedding certification 
into the SDLC allows organizations to both dramatically 
mitigate risk, speed time to market, and satisfy regulatory 
requirements. The study shows that it is possible to automate 
and capture the benefits of a process that, to date, has been 
manual, static, and siloed. ChatGPT said: The Cloud-Native 
Automated Certification Platform (CNACP) changes how 
businesses look at software certification and regulatory 
compliance. By integrating compliance checks seamlessly 
in the DevOps lifecycle, CNACP brings continuous validation, 
reduces audit prep time, and measures every code change 
against relevant policies in real time. Moving from manual 
auditorial seeing-it-after-the-fact to proactive, moving-
together compliance audit is a paradigm change itself—

certification, for modern software delivery, becomes part of 
it itself and not something you do to it after the fact.

There are, however, some downsides to the CNACP 
model. One of the biggest challenges is keeping policy 
collections up to date in the face of changing regulations. 
Compliance mandates such as HIPAA, PCI DSS, and GDPR 
aren’t frozen in time—they change to address new threats, 
technologies, and legal rulings. Maintaining policy-as-
code repos in sync with these updates necessitates a 
war-room where there is near constant vigilance, and 
cross-functional coordination among legal, security and 
engineering teams.

Another key issue is the onboarding of legacy 
applications. Point is that many organizations are still stuck 
with monolithic architectures, legacy systems that never 
had code trained for automated compliance. Sometimes 
it is challenging to retrofit CNACP into these sites with 
obsolete tech stacks, or, because they have non-standardized 
interfaces or undocumented business rules. This restricts 
the immediate use of the platform, necessitating additional 
tooling or incremental modernization approaches to become 
fully integrated.

Additionally, auto-compliance checking is very good, 
but there’s a fine line between having to reduce your false 
positives vs increasing the security risk. Overly stringent 
rules can over-detect non-critical deviations and cause work 
disruptions, yet too relaxed rules may miss out on significant 
violations. This balance is especially vital in high-velocity 
deployment environments as developer burnout and alert 
fatigue become impediments to organizational efficiency.

In the near future, several improvements can be expected 
to drive the CNACP platform forward. One example is the 
incorporation of test case generation with AI into the testing 
process, where test generation tools use machine learning 
models to analyze previous test cases, logs, user profiles, 
etc., generating meaningful and adaptive tests automatically. 
This would not necessarily even lead to better code coverage 
but enable the platform to find edge-cases which could be 
missing with static rules.

Self-healing compliance with adaptive controls is another 
potential development. This includes continuously observing 
and automated remediation systems for compliance drift 
without human input. To illustrate, a nonoptimizing solution 

Table 2: Metrics and Result Summary

Metric/Feedback Result/Impact

Time to Certification ↓ 80% (from weeks to days or hours)

False Positives in Compliance < 2%

Platform Availability 99.9% uptime (across GKE and EKS clusters)

Integration Ease Minimal changes to existing pipelines

Artifact Transparency Full auditability with real-time certification records

Policy Flexibility Full support for custom, version-controlled policies

Figure 1: Evaluation Metrices for CNACP Platform
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might include, if an incorrect encryption setting is detected, 
rolling it back to a known good, logging that change, and 
then revalidating the policy -- effectively staying properly 
compliant without the need for much manual intervention.

Finally, adding even more platform coverage to enable 
multi-cloud (as organisations are leveraging AWS, Azure, 
GCP as well as hybrid infrastructure). Multi-cloud support 
would provide a single place to enforce compliance, 
aggregate artifacts and execute policies across a variety of 
environments, allowing organizations to enforce the same 
standards irrespective of the location of workloads.
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