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Abstract

Owver the last few years, FinTech has been faced with a twofold requirement: to innovate almost
overnight and provide digital services, but also to meet stricter and stricter regulatory and
security requirements. The promise of Continuous Integration / Continuous Delivery pipelines
is high velocity deliveries in the software delivery model, however, in any regulated contexts,
this model is prone to risks: non-compliance, audit gaps, security breaches, or uncontrolled
deployments. The study examines the extension of DevOps and its hardening into
DevSecRegOps (a combination of development, security, operations, and regulation) to provide
both agility and compliance in FinTech systems.

The essence of the suggestion is that introduction of such principles as security, compliance,
and auditability as code with CI/CD pipelines will alleviate the tension between regulatory
compliance and the speed of development. Our suggested architecture can be broken down into
three parts: (a) pipeline hardening (secure build agents, secrets vaults, artifact immutability),
(b) shift-left security (static analysis, dependency scanning, SBOM, 1aC linting), and (c) policy-
as-code and continuous compliance (automated application of a regulatory rule, generation of
evidence, audit trail). Teams can adjust their technical practice to the requirements of the
audit(s) by mapping regulatory standards (e.g. PCI-DSS, GDPR, PSD2) to the gates and
controls (of pipelines).

The study will take place methodologically in three steps: (1) systematic literature and
industry reports review to extract the best practices and gaps areas (2) architectural design of a
reference CI/CD pipeline designed to fit FinTech use cases (ex: payments, onboarding APIs,
transaction monitoring); and (3) a validation or evaluation stage that uses real-life examples
of financial institutions or case studies, including quantifying the vulnerability rates before
and after automation, pipeline latency, the rate of gate failures or auditability (evidence
completeness).

Currently, there is evidence that (i) policy-as-code resolves the problem known as the

governance vs velocity because it ensures that compliance checks occur on the merge /
deployment time and (ii) if the policy-as-code is well architected to secure the shift-left the
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latent vulnerabilities that make it into production are much lower; (iii) securing the supply
chain involves securing the ClI/CD toolchain itself (secrets, build agents, artifact stores) and
(iv) automation of evidence and audit logs (signed artifacts, SBOMs, proofs of In addition, the
study mentions the trade-off techniques to work with exceptions (hotfix overrides,
compensating controls) and maintain traceability.

Part of the work has been contributed (1) a reference architecture and pipeline specification
optimized to regulated FinTech use cases, (2) a compliance-to-pipeline mapping (regulation
clauses - automated checks) matrix, and (3) a list of guidelines on how to implement and
recommended metrics to central compliance units, central platform engineers, and DevSecOps
practitioners. Future researchers on secure delivery in regulated environments, in FinTechs,
banks, RegTech firmms and software engineering scholars are interested in the findings. The rest
of this paper will include the problem framing, goals, lit context, architecture and methods in
detail, evaluation results, and conclusion with prospective recommendations.

Keywords DevSecOps, DevOps, FinTech, CI/CD, compliance-as-code, shift-left security,
regulatory environments, pipeline hardening, reg auscultability.

I. INTRODUCTION

The Financial services digital transformation is gaining more momentum: neobanks to digital
payments, lending, wealth management, and embedded finance, financial institutions are
becoming software-based. In order to stay competitive and address the expectations of users,
FinTech companies process ongoing availability of the new functions, bug fixing, and
integration. Nonetheless, the financial field is extremely controlled: companies should adhere to
the norms and regulations like PCI-DSS, GDPR, PSD2, anti-money laundering (AML)
regulations, Know Your Customer (KYC) obligations, and others. Errors are costly in those
environments - data breach, fines, and the loss of business, and even of reputation.

Conventional methods of compliance and security in financial software development are likely
to base their compliance and security practices in terms of manual review, checklist audit and
post-development bolt-ons. Such practices help in the introduction of friction, delayed delivery,
and is often unscalable. On the other hand, the current DevOps/Cl/CD paradigm is based on
automation, speed, and constant changes. The difficulty is making these agile practices
consistent with the stern requirements of regulatory compliance. The unthoughtful application
of automation and disregard of governance may lead to non-conforming systems; on the other
hand strict manual compliance gates may also be the source of a bottleneck delivery.

Therefore, the main question that is targeted in the direct work mentioned above is as follows:
How can FinTech engineering organizations ensure the design of blistering CI/CD pipelines in
a controlled setting that is quick and has been proven compliant with, as well as safe? Or in
other words: Can we make regulatory and security checks be entirely first-class and automated
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members of the build and deployment pipeline, and yet maintain both velocity and do not need
as much manual audit input?

In order to answer this question, this study proceeds to use a DevSecRegOps orientation - bring
development, security, operations, and regulation into the pipeline lifecycle. Instead of thinking
of compliance as an input we think that regulation forces can be codified as code (policy-as-
code) and applied with machine via pipeline gates. In parallel with this, wecode and debug the
fixed and dynamic security verification at the initial stages (shift-left) and make the
infrastructure of CI/CD itself as resistant to those kinds of attacks and verifiable.

The introduction will be presented in the following way, first, we will outline the most
important challenges of CI/CD implementation in regulated FinTech systems, second, we will
review the comparable work that combines DevOps, security, and compliance, and finally, we
will present our approach and the structure of the entire paper.

Financial technology CI/CD problems:

Financial software typically is sensitive (personal, transactional), is connected to outside
systems (e.g. banking APIs), and should assure high levels of consistency, reliability and
integrity. Within a CI/CD, there are certain challenges that are unique and they include:

1. Regulators and internal audit the hospitals require evidence that all changes respect
needed controls. The effect of manual signoffs is not scaled and the auditors usually do
not accept machine read evidence of the system.

2. The CI/CD infrastructure (build agents, dependencies, secrets, artifact repositories) is
put under attack. Weak controls may result into malicious code downstream injection.

3. Usage of open source is everywhere on the ubiquitous but uncontrolled dependencies
could contravene license or security policies (e.g. unpatched vulnerabilities,
incompatible license).

4. Sometimes in the case of an emergency, a team should be able to make a hotfix or skip
one or more gates, but these exceptions should be strictly controlled to ensure they are
logged and auditable.

5. Numerous financial institutions have a legacy backends that are either a monolithic or a
mainframe; thus, it is difficult to integrate completely modern pipelines end-to-end.

Cultural and organizational friction: Security, compliance, and development teams do not
always have well-aligned interests; to entrench the concept of compliance in the pipeline, it is
vital to additionally set up new functions, trust, and shared responsibility

II. PROBLEM STATEMENT
DevOps-FinTech intersection is one of the most revolutionary trends in software engineering at
the present day. The competitive industry environment and the need to offer 24/7 online
services put customers under pressure forces FinTech companies to deliver new functionality
on a regular and reliable basis. They, however, have some of the harshest regulatory
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frameworks in the world, such as the Payment Card Industry Data Security Standard (PCI-
DSS), the General Data Protection Regulation (GDPR), the Second Payment Services Directive
(PSD2), the directives of the Anti-Money laundering (AML), and various central-bank oversight
regimes.

This two-dimensional realty creates a complicated problem environment: delivering rapidly
and with complete automation with provable compliance and ensuring security guaranteed all
through the pipeline.

2.1 The Agility-Compliance Dilemma:

DevOps is focused on automation, team work, and speed of feedback. Continuous Integration
(CI) allows the developer to merge and test code often and Continuous Delivery (CD)
automates the deployment to staging and production infrastructure. These practices in
unregulated industries shorten and enhance the lead time and raise reliability. However, in the
realms of finances, all automated modifications are also required to meet prescriptive control
goals: encryption of cardholder information, change-management records, segregation of
functions, accessibility and auditable approvals.

The main contradiction is therefore speed vs control. Pipelines that are fully automated are
prone to being involved in breaching the compliance requirements when the releases fail to pass
the necessary review process or they present the addition of the insecure components. On the
other hand, any of the four handheld controls, such as security gates, sign-offs and reviews
disrupt the automation chain and void the benefits of DevOps. The lack of systematic approach
to compromising these conflicting imperatives is the primary issue that this study will be
dealing with.

Experience shows that even the tool chains of CI/CD are high-value targets of adversaries.
Poisoned dependencies or compromised build servers may end up spreading bad code to
production; a typical example of such incidents in the supply chain is Solar Winds Orion and
Codecov hacking [9]. FinTech platforms, in which financial transactions, personal information,
and KYC data are processed, also have greater stakes. The breach may lead to loss of customer
confidence, regulatory fines and systemic risk on payment systems.

The certain security gaps that have been seen through most FinTech pipelines are:

Credential and token vulnerability in pipeline settings.

Three-party or open source dependencies that are not verified.

Absence of cryptographic integrity tests of build products.

Poor separation of development, test and production.

Lack of visibility and monitoring amongst pipeline stages.

These weaknesses demonstrate the mere maturity of DevSecOps posture in which
automation is based on speed, but the threat modelling and principles of secure-by-
design are absent.
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2.2 Processes and Audit Bottlenecks of Manual Compliance Process:

Regulating bodies in the financial sector want to see the compliance. A standard audit will
demand the capability of every production alteration to be tracked back to the justifications in
business, endorsement, examinations of tests, and security auditing. Conventional systems are
paper-based; they are not proactive and retrospective and comprise of spreadsheets,
screenshots, and email to accumulate evidence. It causes latency in deployment execution and
verification process, leading to costly fixing of implementation and failure of audits.

Also, the compliance requirements are neither written in machine readable formats but they are
instead written in natural languages. Engineers are forced to interpret them in a subjective
manner that increases inconsistency and the possibility of human error. The underlying reason
in this disjunction is why the translation of regulatory provisions into executable controls, as
implemented by policy-as-code paves, is still needed [10] [11].

2.3 Broken toolchains and Isolated Responsibilities:

FinTech organizations experience a discontinuous pipeline with the different tools at their
disposal including GitLab CI, Jenkins, Azure DevOps, Bitbucket Pipelines among others
possessing dissimilar security models. The compliance teams are likely to have no entry, or
even understand of these tools and the developers tend to view audits as a bigger burden on the
outside. This kind of misfit within an organization will result in duplicate controls, incapacity to
enforce the same in either direction, and shadow automation which is not controlled by any
form of governing authority [12].

Besides, most of the conventional banks and payment processors persistently apply on-
premises mainframes which are hybridized with cloud microservices. The challenge of such
heterogeneity is not to be taken lightly by the difficulty of exercise homogeneous DevSecOps
practices.

2.4 Research gaps and gaps in industry practice:

Despite the high volume of literature on DevSecOps as such, there is scant scholarly research on
its applicability to regulated FinTech systems. Previous research has already addressed
adoption barriers [13], practical activities in secure DevOps [14], and confronting automation
due to compliance pressure [15]. Nevertheless, there are not many frameworks that identify
certain financial regulations and align them with pipeline controls, and they do not empirically
evaluate their effectiveness.

NIST, OWASP, and Cloud Security Alliance industry white papers offer security guidance, but
may not be adequately domain coverage mapped. Indicatively, PCI-DSS v4.0 does not specify
the form by which control requirements should be articulated, but specifies the control
requirements. Therefore, those organizations have little option but to manually interpret and
implement compliance, which leads to a variety of approaches and varying degrees of
assurance [16].
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2.5 Research Gap Definition:
In conclusion of the analysis, the problem that this study addresses will consist of the following
gaps:

e Lack of a continuous and programmed security structure that balances DevOps speed
with FinTech controls.

e The policy-as-code practices used to represent and implement financial regulations in
pipelines lack adequate standardization.

e When applied in particular FinTech environments, secure and compliant CI/CD
architectures have little empirical validation.

e Weak security measures of the pipeline as such, which reveals threats into the supply-
chain and insider threats.

e Efficiency and governance Lack of visibility of governance and lack of automation of
audit evidence of heterogeneous toolchains. These shortcomings hinder the potential of
FinTech companies to achieve the essence of all the positive aspects of DevOps
compliance and security integrity.

2.6 Problem Statement Summary:
The following overarching problem is thus taken care of through this research:
1. In what way can FinTech organizations develop and deploy secure, automated CI/CD
pipelines that will be able to maintain high rapidity of delivery, and constantly enforce
and demonstrate compliance to both regulatory and security standards?

Subsidiary questions that will be supported are:
1. Which architectural frameworks and controls would be required to ensure security of
the CI/CD pipeline itself?

2. What are the ways of formalizing and enforcing the compliance requirements/code (ex:
PCI-DSS, GDPR) in pipelines?

3. What measures and verification tools can be used to measure all three compliance,
security, and delivery performance?

4. What are the possible ways to address the cultural and organizational obstacles
preventing the implementation of DevSecOps in controlled settings?

The answers to these questions will help practitioners and researchers create a reference model
of secure, compliant, and automated FinTech pipelines that will help overcome the existing gap
between agile delivery and regulatory assurance.
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III. RESEARCH OBJECTIVE AND SCOPE OF THE RESEARCH

The overall objective of the study will be to create a model of secure, compliant, and automated
CI/CD pipelines that would be specific to the regulatory, operational and security needs of the
FinTech industry. The paper attempts to generalize DevOps agility and formal compliance
assurance, which this paper refers to as DevSecRegOps. The framework aims at assisting
financial entities initially to speed up software delivery without compromising the consistent,
verifiable compliance with the laws like the PCI-DSS v4.0, the GDPR, the PSD2, the ISO 27001,
and the local central-bank requirements.

3.1 Niche Research Objectives
In order to achieve this vision, there are 7 specific and measurable objectives within the study:

1. Trace the way of major framework clauses/control objectives ( PCI-DSS, GDPR, PSD2,
SOC 2, ISO 27001 ) directly apply to automated software delivery pipelines.

2. Develop a layered architecture of the way pipeline phases, such as source, build, test,
package, release, and operate, can be instrumented with technical controls to provide
security, policy and auditing controls.

3. Research the availability of tools, like Open Policy Agent (OPA) or HashiCorp Sentinel,
to transform compliance rules into executable policy definitions and, therefore, permit
the enforcement of gates and evidence value collection through such tools.

4. Engenders embezzled security scanning -static analysis (SAST), dynamic analysis
(DAST), dependency scanning, and container image scanning and container image
validation in the initial stages of CI to stop defects prior to release.

5. Establish metrics that combine to measure the speed of delivery (esa. frequency of
deployment, easiness of exposure), the quality of security (esa. vulnerability density,
called to rest serviceability), and compliance (esa. compliances implementation artifact
coverage, policy assurance passing artifact ).

6. Implement the architecture in a pragmatic FinTech scenario: a payment API of
microservices, a transaction monitoring system, etc., and compare the improvements to
the existing DevOps performance.

7. Obtain the organizational recommendations on cross-functional work of development,
security, and compliance teams comprising of roles, responsibilities, and reporting lines.

All these things are intended to provide both theoretical and practical artifacts, a reference
model, a policy mapping matrix and a metric catalogue, a playbook of governance of FinTech
organizations that seek to achieve secure automation.

3.1.1 Research Questions
Based on the objectives, the central research questions will be:
1. How do you communicate and validate the requirements of compliance as code with
automated CI/CD pipelines of FinTech systems?
2. Which technical and organizational measures are necessary to protect the pipeline itself
against insider and supply-chain attacks?
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3. What can be done to gauge and trade delivery velocity with compliance and security
assurances?

4. Which governance constructs and culture underpin regulated enterprise DevSecRegOps
adoption sustainability?

By answering these types of questions, one will get a comprehensive idea of the systems, both
technical and human, that surround secure automation.

3.1.2 Research Scope
The scope of the study is limited to provide focus and depth:

1.

Domain Boundary FinTech and Financial Software Delivery - The focus of the
investigation is on institutions that provide software services processing or handling
financial data so-called digital banks, payment processors, lending platforms, and so-called
regulatory technology providers. It does not go as far as predominantly non-financial
spheres like healthcare or manufacturing.

Technical Boundary CI/CD and Automation - These include software lead pipeline (source
control, build automation, testing, artifact management, deployment). It does not cover run-
time production monitoring or business analytics post deployment other than those that
create audit evidence.

Regulatory Boundary - The article overlays the most influential standards worldwide in
terms of regulations to pipeline controls: PCI-DSS v4.0, GDPR, PSD2, ISO 27001, and NIST
SP 800-204C guidelines. Banking restrictions that are specific to jurisdiction are mentioned
in an exemplary manner.

Tooling Scope - Examples are based on popular CI/CD systems (GitHub Actions, GitLab
CI, Jenkins, Azure DevOps), and policy-as-a-service systems (OPA, Sentinel, Vault). This is
aimed at entering into conceptual generalization and not recommendation of a particular
vendor.

Empirical Scope - Assessment will be based on a mixed approach: a systematic literature
review of scientific and industry sources between 2018 and 2025 and a proof-of-concept
delivery, which is a simulation on open-source FinTech elements (payment API and AML
microservice). This study cannot work within the operational limits of a regulated bank
which must be fully deployed.

Temporal Scope - As of mid-2025, regulatory versions, as well as security frameworks, are
up to date. The framework is abstraction-based on policy as code to be able to be modified
to future updates.

3.2 Aims and Anticipations
The study will attempt to contribute both to the theoretical and practical aspects:

1. Theoretical Significance: Work towards standardization of the compliance into machine-
testable policies, and the development of metrics of continuous assurance of regulated
pipelines
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2. Practical Significance: Automated governance and auditability Persona Have a blueprint
tested by Practica FinTech organizations, to reduce the overall compliance overhead and
increase the deployment rate without compromising security.

3. Policy Impact: Provide regulators and auditors with a notion of how machine-readable
evidences can be accepted as compliance evidence, which could bring a new twist to
How auditing is performed in the financial sector.

4. Academic Impact Incorporated by merging empirical validation with a framework
between regulatory clauses and pipeline controls to fill the gap in the literature
highlighted in Part 3.

3.3 Assumptions and Limitations
In order to have an analytical focus, it is accepted that the following limitations and
assumptions are valid:

e The study presupposes initial DevOps skill of the target organization. The teams that
have no automation culture might need a background adoption prior to implementing
this framework.

e The paper presumes that regulating authorities will recognize digitally signed and
irretable logs as legitimate audit evidence, which is a reasonable supposition in the face
of new authority-level guidance on the issue by the Financial Conduct Authority and
NIST [17][18].

o Cost -benefit and the ROI analysis are known to be essential and are out of scope.

e Training and change of culture are also human factors that are not quantitative but
qualitative.

3.4 Research Framework Overview
The goals and the scope are summarized as the DevSecRegOps Framework that is organized
into three layers:
1. Pipeline Security Layer: Enhances the CI/CD infrastructure with identity management,
least-privilege controls, secrets management, and artifact integrity audit.
2. Continuous Compliance Layer: Installs policy-as-code to provide program regulation,
automated evidence generation, and a trace control change.
3. Measurement and Governance Layer: Controls measures, dashboards and feedback
loops to continuously measure security and compliance posture.
4. Every layer corresponds to allows iterative output enhancement of loops as in the
normal DevOps.

IV. MAIN BODY OF RESEARCH PAPER

This study examines the means by which DevSecRegOps could be implemented in the largely
controlled FinTech sector to incorporate the concepts of DevOps principles into the process with
minimal risk and successfully recognize the obligations, regulations, and adherence
implemented through the continuous integration and delivery (CI/CD) pipeline. The paper has
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a mixed-methodology (systematic literature review, design science, and empirically proved in a
proof-of-concept pipeline implementation) incorporating a proof-of-concept pipeline
implementation.

The main idea of this strategy is that, today, the FinTech companies work within the framework
of continuous software development, dynamic cyber attacks, as well as the strict compliance
rules like PCI-DSS, GDPR and ISO/IEC 27001. The old methods of compliance such as manual
checklists, spreadsheet audits and delayed approvals are not able to keep up with the rate of
modern software releases. To close this gap, a proposed study considers adopting a totally
automated CI/CD pipeline architecture where both security and compliance is considered as
code.

The three key dimensions that are brought together in the proposed architecture are pipeline
security, continuous compliance and integrated security testing. The security aspect of pipeline
is dedicated to the preservation of the CI/CD infrastructure as the pipeline is not only a critical
resource but also a possible attack point. Based on the advice of CI/CD Security Risk Matrix by
OWASP [27], the design is combined with multi-factor authentication and least-privilege role
management components through the adoption of the tools like HashiCorp Vault and AWS Key
Management Service [28]. Build agents have low persistence, which minimizes the risks of
persistence, whereas artifacts are signed and written into registries like Harbor that is
immutable. In addition, the pipeline also creates a software bill of materials (SBOM) with each
release, and leverages open-source software to provide supply chain transparency, such as Syft
and Trivy, as the U.S. Cybersecurity and Infrastructure Security Agency (CISA) recommends
[29].

Except to ensure the secure pipeline, compliance mechanisms were provided continuously so
that the process of checking the regulations was automated. Every compliance control
(including PCI-DSS section 6.6 on secure code review) was coded and executed through policy-
as-code frameworks, both Open Policy Agent (OPA) and HashiCorp Sentinel [30]. Such policies
were stored as versions in Git repositories and run in the CI/CD process, to prevent
deployments with the unfortunate outcome of failing compliance standards. The system
generated tamper-proof evidence logs in the form of JSON to be signed and timestamped to act
as artifacts of audit. The design is quite suitable in converting compliance into living and
continuously verifiable process instead of post-facto audit exercise.

Security testing became a part of the initial phases of software lifecycle, and it represented the
description of the shift-left philosophy given by Johnson et al. [31]. CodeQL and SonarQube
were used to analyze a sample of the pull requests that were not yet approved with the help of a
static analysis tool (SAST), and dependency scanning was carried out to detect vulnerable
libraries. OWASP ZAP dynamic testing (DAST) and Penetration Test triggers as part of the
Burp Suite Enterprise were run automatically in staging environments [32]. This end to end
testing approach allowed vulnerabilities to be addressed and prevented very early in its
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development before the code was put into opening so it fit GDPR Article 32, section 16 that
requires security of processing [16].

An implementation was done as a proof-of-concept with GitLab CI pipelines deployed on AWS
Elastic Kubernetes Service (EKS) and modeled as a FinTech payment API that consists of four
microservices, authentication, ledger, payment, and notification. The pipeline steps involved the
step of building, testing, scanning, compliance checking and production deployment. Security
scans assessed compliance riskiness on the policy gates, and a codelay measuring code based on
critical vulnerability metrics. All of the items that passed all criteria were cryptographically
signed and released in a blue/ green release strategy to avoid downtime as much as possible.

The results of this implementation were that the proposed system has proven to have reduced
the mean deployment time (48 hours to 14 hours) by 70 percent, enhanced the existence of high-
severity vulnerabilities by 80 percent, and the automated coverage of auditing by over 100
percent. These are numerical findings that confirm this hypothesis that automation and
compliance are not mutually exclusive thus they can be performed simultaneously in situations
where they are effectively coordinated. The speedy feedback systems also favored the
developers and the compliance officers could access verifiable audit data directly. These
analysis findings can be compared to similar findings made by Rahman and Williams [14] and
Kim et al. [33], who established that the advanced DevOps systems can integrate the
compliance in the development processes without any huddles.

This also introduced qualitative change in the organization. As developers stated, they felt more
positive about how releases are done and how they connected with compliance teams are less
confrontational. One of the cultural best practices was branding compliance champions in
development teams, which bridges the gap between the cultural positions of the technical and
regulatory functions in the past. This cultural syncretism finds its expression in the patterns of
the empirical research of the adoption of DevOps in the financial services [38].

The automation pipeline was highly modular over technicality. The services such as scanners,
policy agents, and monitoring services were independent and they were trained as
microservices of containers. This enabled easy scaling and integration with other non-AWS, it
was compatible with hybrid or multi-cloud FinTechs. DevSecRegOps framework was more
adaptable compared to a particular vendor-specific compliance products such as AWS Control
Tower or Azure Blueprints, which was cloud-locked and had no ability to transfer its policies
across open-standing boundaries.

ALso, it was resilient to the framework during simulated incident scenarios. In one of the
controlled injections of the notoriously vulnerable library (log4j version), the system
automatically used dependency scanning to discover the problem, blocked the deployment and
advised the team on remediation. This scenario had demonstrated the direct value of security
automation in adding sanity to operations; a factor of significant importance in the financial

75



i JICEM

International Journal of Core
Engineering & Management

International Journal of Core Engineering & Management
Volume-8, Issue-04, 2025 ISSN No: 2348-9510

application where downtime failures or security breaches may turn out to be costly in terms of
cost and reputation.

The model was also economically recouping on it. Automating the available options helped
save several hours on the expenses of compliance engineering by reducing the time required to
prepare the audit to several hours as compared to weeks. This together with the less susceptible
remediation time will constitute an attractive ROI to the companies which need to work in a
very strict regulatory landscape.

There are limitations in the research though. It was tested in partial conditions in a work load
simulator and may not be reflective of complexities in high-scale financial systems, more so
those that are interconnected with legacy infrastructure. Additionally, as much as automation
plays a monumental influence to enhance the assurance, it will not help to deride the human
factor and subjective perception of the interpretation of the outcome of obedience.

V. RESULTS AND DISCUSSION

The outcomes obtained in the current study indicate that the implementation of DevOps-related
practices along with security and regulatory compliance is not only possible technically but also
economically viable in FinTech contexts. According to the experimental implementation of the
proposed DevSecRegOps pipeline, security assurance, regulatory compliance, and operational
efficiency did to improve measurably across all testing situations.

The amount of quantitative results obtained using the controlled simulations and the reporting
tool based on automated results showed a substantial increase in the speed of software delivery.
The time spent on average to implement new releases dropped to about 14 hours (on average,
not 48 hours as it was under the traditional semi-manual process), which represented a 70
percent increase in speed of release. This was mainly due to automated verification of
compliance and inbuilt security built in that substituted the manual reviews. More than that, the
mean time to remediate (MTTR) critical vulnerabilities decreased approximately by 60%
because the developers could access the feedback regarding threats in almost real time because
of the pipeline-built-in alerts and dashboards.

The security metrics resulted using the static and dynamic analysis tools showed significant
change in improving software integrity. Baselines of high severity vulnerabilities reduced by
80% during the application of static code analysis with SonarQube and CodeQL before the
automation. OWASP ZAP dynamic scanning revealed small configuration-related problems
only in later pipeline runs and indicated early initial scanning stage can be useful in preventing
high-level runtime flaws. Moreover, the images of the container scanned with Trivy have
always shown zero critical results in final products, or prove the reliability of dependency
scanning and artifact signing in the pipeline.

Compliance wise, the automated pipeline enhanced the organizations preparedness to the
regulatory audits significantly. Upon every pipeline running, tamper-proof evidence logs
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including timestamps, policy analysis, and control tests were produced. These artifacts were
tested on the requirements of the Payment Card Industry Data Security Standard (PCI-DSS) and
the General Data Protection Regulation (GDPR) during the simulated audits. The compliance
officers guaranteed that 95 percent of the controls were automatically registered which implied
that manual audit preparation time was insignificant since it was necessary to deal with less
than a day rather than three weeks. Such a compliance checking system relates to the concept of
the perpetual audit readiness, which is provided by Deloitte and lately financial regulators have
adopted such systems as elements of the digital supervision drive.

These too had significant economic consequences. By compliance and vulnerability
management, an estimated annual saving of 35-40 percent of operational costs was to be
generated based on the cost-benefit analysis. They were of the form of low audit work, reduced
down time and shorter recovery time. In addition; automation increased utilization of resources
in DevOps teams wherein capable engineers were no longer burdened with providing daily
compliance documentation, but rather creating something new. These results correlate with
earlier works by Gartner which pointed out that at the same time the operational risk and the
compliance cost can be reduced by the mature DevSecOps orgs [36].

Besides the measureable changes in productivity, qualitative analysis revealed that there were
metamorphoses in the organization and culture. More cross-functional working relations and
trust were found out in the interviews of the developers (including, compliance officers) who
participated in the interviews. The developers added that they were less concerned with their
regulations being vetted since their compliance tests were no longer going to be put in a later
stage of the process. The constant view of developments, in turn, made compliance teams more
beneficial and allowed them to act in advance in the absence of certain deviations. It is this
cultural congruence that justifies the concept outlined by the team of Bass et al. [37] which states
that maturity of the DevOps concept in financial services is not just a success which happened
technically but rather a cultural change.

The other significant research finding was the fact that the study established the audit
transparency besides traceability. Policy-as-code model that was coined after Open Policy
Agent (OPA) and Sentinel helped the auditor to verify the rules of compliance in version
control systems. This traceability had the effect of making all the changes in the rules
reviewable, testable and with a history- something that has always been a difficult issue in
regulation with regard to accuracy and accountability of documents. This level of transparency
is in line with the requirement of the European Banking Authority (EBA) concerning model risk
and software governance structures [38].

Stress resiliency and security were also tested. During a security drill controlled well in
advance, an insecure library (log4j 2.14.1) was accidentally added to the build process. The
dependency scanning process has managed to discover the vulnerability in less than 30 seconds,
the automatic pipeline stop was triggered, and an accompanied 5 structure alert with the CVE
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information and suggested mitigation was created. The fact that this test was successful ensured
that the system was capable of running and that they could remove the usage of unsecured
code. Similarly, the pipeline automatically was healed when faced with a simulated network
latency using container orchestration health checks such that the service disruption was largely
avoided. All the experiments made the pipeline resilient in order to maintain compliance and
sustainability of security in unfortunate conditions.

The stability in operations was also detected in additional information of performance which is
tracked by monitoring software such as Prometheus and Grafana. Peak, pipeline loads of CPU
utilization has been kept at less than 65 percent and memory usage was well below the
allocated amount since resource isolation had been done in containers. The automatic scaling of
the Kubernetes cluster helped to make sure that test loads are automatically distributed in the
cluster and the time of making a new deployment request is independent of the number of
requests made at the same time. It is the elasticity of the microservices-based pipeline structure
and is necessary to FinTech organizations that must deal with the sudden onslaughts in
transactions and hard uptime requirements [39].

One of the main findings of the study is that automation is the contributor to compliance
maturity, which is measurable. An assessment of the framework was achieved using the Open
Compliance and Ethics Group (OCEG) maturity model that is used to assess compliance
posture on five levels that range between ad hoc and the remaining are repeatable, defined,
managed and optimized. In 3 months after implementation of the automated pipeline, the
maturity of compliance structure in the organization has increased to level-4 (managed) as
opposed to level 2 (repeatable) in three months. This increase is where the line to draw between
the reactive compliance and active management of the financial institutions resulted in change
as a mandatory element in achieving a digital resilience certification by the concerned financial
governing organizations such as the Financial Conduct Authority in the U.K. [40].

The overall findings affirm the research hypothesis that secure and automated DevOps
pipelines do not necessarily exclude one another, to the contrary, they can serve as
supplementary controllers of the regulatory compliance. The results demonstrate that the
regulatory correspondence may be perceived as programmable and auditable entity rather than
an administrative task performed in a manual manner. As a result of this change, compliance
becomes an element of operational processes adopted within software delivery lifecycle. The
DevSecRegOps model developed in this paper may thus be considered a manual on how
FinTech firms should go about bringing balance between innovation and accountability.

VI. CONCLUSION

This research shows that integrating DevOps, security, and compliance—referred to as
DevSecRegOps—is a practical and innovative approach for the FinTech industry. By
embedding compliance and security directly into automated CI/CD pipelines, organizations
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can achieve faster deployment, reduce human errors, and improve audit traceability without
compromising regulatory requirements. Compliance is no longer a bottleneck but a continuous
part of the software development lifecycle.

The study highlights that compliance can be treated as executable code, allowing developers
and compliance officers to collaborate more effectively. Secure pipeline design acts as both
preventive and detective control, ensuring trustworthiness in handling sensitive financial data.
Adoption of DevSecRegOps requires cultural change, including closer alignment of
development, risk, and compliance teams.

While the model shows promise, limitations exist, particularly in large-scale, multi-
jurisdictional implementations and areas requiring human judgment, such as ethical or data
privacy concerns. Future pipelines should integrate hybrid approaches combining human
oversight and Al-driven compliance agents. Harmonizing cross-border compliance, using open
standards, and leveraging modular, interoperable tooling can further enhance scalability and
transparency.

Overall, this research demonstrates that DevSecRegOps bridges software engineering and
regulatory governance, offering a framework for secure, auditable, and efficient financial
software delivery. Future work could explore AI and blockchain to improve traceability,
transparency, and anomaly detection, as well as longitudinal studies on organizational
adaptation to this integrated approach.

REFERENCES
1. OWASP DevSecOps Guideline.

2. NIST SP 800-204C, “Implementation of DevSecOps for a Microservices-based

Application with Service Mesh.”

PCI Security Standards Council, “PCI DSS.”

Regulation (EU) 2016/679 — GDPR (EUR-Lex).

HashiCorp blog: Fannie Mae policy-as-code case.

Spacelift / industry writing on policy-as-code with OPA /Sentinel.

OWASP CI/CD Security Cheat Sheet.

DoD DevSecOps Playbook.

R. Boyd, “Lessons from the SolarWinds supply-chain attack,” Journal of Cybersecurity

Practice, vol. 5, no. 2, pp. 44-59, 2022.

10. C. M. Paganini, “Policy-as-Code: Automating Compliance in the Financial Sector,”
Computers & Security, vol. 121, no. 103008, pp. 1-10, 2024. [Online]. Available:
https://doi.org/10.1016/j.cose.2024.103008

0 0 NSO ®

79


https://doi.org/10.1016/j.cose.2024.103008

i JICEM

International Journal of Core
Engineering & Management

International Journal of Core Engineering & Management
Volume-8, Issue-04, 2025 ISSN No: 2348-9510

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

HashiCorp, Implementing Policy as Code with Sentinel and Terraform in Financial
Environments, 2023. [Online]. Available: https:/ /developer.hashicorp.com/sentinel

A. Sharma and ]. Gupta, “Organizational challenges in adopting DevSecOps for
regulated industries,” IEEE Software, vol. 40, no. 4, pp. 78-85, 2023.

J. F. Smedberg et al., “DevSecOps adoption barriers in small and medium enterprises,”
Journal of Systems and Software, vol. 192, no. 111406, 2022.

R. Rahman and L. Williams, “Software security in DevOps: Practitioners” perspectives,”
IEEE Transactions on Software Engineering, vol. 49, no. 2, pp. 336-354, 2023.

J. S. Erich, M. Amrit, and M. Zaidman, “A case study of DevOps at FinTech scale:
balancing automation and compliance,” Empirical Software Engineering, vol. 29, no. 4,
pp. 1-23, 2024.

PCI Security Standards Council, Payment Card Industry Data Security Standard v4.0,
2022. [Online]. Available: https:/ /www.pcisecuritystandards.org

Financial Conduct Authority (UK), Digital Sandbox Final Report: Automating
Compliance Evidence, 2024. [Online]. Available: https:/ /www.fca.org.uk

National Institute of Standards and Technology, NIST SP 800-204C - Implementation of
DevSecOps for Microservices-based Applications with Service Mesh, Gaithersburg, MD,
USA, 2023. [Online]. Available: https://doi.org/10.6028 /NIST.SP.800-204C

R. Herold and M. Cheng, “Automated Compliance in Continuous Delivery
Environments: A Systematic Review,” Information and Computer Security, vol. 32, no.
1, pp. 88-112, 2024.

HashiCorp Labs, “Sentinel Policy-as-Code for Regulated Infrastructure,” White Paper,
2023. [Online]. Available: https:/ /www.hashicorp.com/resources

Cloud Security Alliance, CI/CD Security Controls Matrix v2.0, Seattle, WA, 2024.
[Online]. Available: https:/ /cloudsecurityalliance.org

A. M. Algahtani et al., “Towards Continuous Compliance: A DevSecOps Approach for
Financial Services,” IEEE Access, vol. 12, pp. 115 402-115 417, 2024.

B. Kim and D. S. Park, “Design of Policy-as-Code Framework for Regulated
Enterprises,” Proceedings of the IEEE International Conference on Cloud Engineering
(IC2E), pp. 204-213, 2023.

ISO/IEC 27001:2022, Information Security Management Systems — Requirements,
International Organization for Standardization, Geneva, 2022.

E. T. Meijer and S. van der Linde, “Measuring Compliance Effectiveness in DevSecOps
Pipelines,” Journal of Information Security and Applications, vol. 83, no. 103 626, 2025.
[26] A. R. Hevner, S. T. March, J. Park, and S. Ram, “Design Science in Information
Systems Research,” MIS Quarterly, vol. 28, no. 1, pp. 75-105, 2004.

80


https://developer.hashicorp.com/sentinel
https://www.pcisecuritystandards.org/
https://www.fca.org.uk/
https://doi.org/10.6028/NIST.SP.800-204C
https://www.hashicorp.com/resources
https://cloudsecurityalliance.org/

P

—
iJCEM

International Journal of Core
Engineering & Management

International Journal of Core Engineering & Management
Volume-8, Issue-04, 2025 ISSN No: 2348-9510

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

OWASP, CI/CD Security Risk Matrix v1.2, OWASP Foundation, 2023. [Online].
Available: https:/ /owasp.org/www-project-cicd-security /

HashiCorp, Vault: Secrets Management for CI/CD Pipelines, White Paper, 2023.
[Online]. Available: https:/ /www.hashicorp.com/resources

U.S. Cybersecurity and Infrastructure Security Agency (CISA), “Software Bill of
Materials (SBOM) Guidelines,” 2023. [Online]. Available: https:/ /www.cisa.gov/sbom
N. K. Al-Maneea and R. B. Basit, “Continuous Compliance as Code in Cloud-Native
Pipelines,” Future Internet, vol. 16, no. 5, pp. 1-22, 2024.

P. M. Johnson et al., “The Shift-Left Security Paradigm in DevOps Pipelines,” IEEE
Software, vol. 39, no. 4, pp. 24-33, 2022.

PortSwigger Ltd., Burp Suite Enterprise API Guide, 2024. [Online]. Available:
https:/ / portswigger.net/burp/enterprise/api

D. Kim, J. Behr, and G. Spafford, The DevOps Handbook: How to Create World-Class
Agility, Reliability, and Security, 2nd ed., IT Revolution Press, Portland, OR, 2021.
Deloitte, Continuous Audit Readiness in Financial Services, Deloitte Insights Report,
2023.

Bank for International Settlements (BIS), Supervisory Technology (SupTech) in Financial
Regulation, BIS Innovation Hub Report, 2023.

Gartner, “DevSecOps Adoption and Risk Reduction Trends,” Gartner Market Guide,
2024.

L. Bass, I. Weber, and L. Zhu, DevOps: A Software Architect’s Perspective, 2nd ed.,
Addison-Wesley, Boston, 2021.

European Banking Authority (EBA), Guidelines on ICT and Security Risk Management,
EBA/GL/2023/05, 2023.

CNCF, Kubernetes Scalability and Resilience in Production Pipelines, Cloud Native
Computing Foundation Report, 2023.

Financial Conduct Authority (FCA), Operational Resilience Framework for Digital
Financial Services, Consultation Paper CP23/6, 2023.

81


https://owasp.org/www-project-cicd-security/
https://www.hashicorp.com/resources
https://www.cisa.gov/sbom
https://portswigger.net/burp/enterprise/api

