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Abstract: The rapid rise of digital financial services has placed an immediate need for banking organizations to
transition from monolithic, centralized databases to cloud-native, microservices-based platforms with capabilities
to facilitate real-time risk analytics and ongoing regulatory compliance. To meet this need, I propose a
comprehensive cloud-native financial data platform framework that supports API-first banking through a seven-
layer architecture comprising client-facing applications, an API gateway, domain-centric financial microservices,
an event streaming platform, a cloud data lake/warehouse, an Al-enabled risk analytics engine, and a compliance
monitoring dashboard. The proposed framework overcomes the limitations of traditional service-oriented
architectures by embedding compliance logic within each microservice and implementing risk controls at the
ingestion layer of data through event-driven pipelines. Mathematical models are provided to establish the analytic
properties of system availability, reliability, compliance risk scoring, operational risk quantification, and API
capacity throughput that will inform platform design decisions. The framework is validated against Basel III
liquidity capital requirements; BCBS 239 principles for risk data aggregation; GDPR regulations for data
protection; and Open Banking standards. Key research gaps are identified, including insufficient cross-border
regulatory interoperability, limited explainability in Al-driven compliance decisions, and the absence of unified
real-time risk platforms. Key research gaps are identified, including insufficient cross-border regulatory
interoperability, limited explainability in Al-driven compliance decisions, and the absence of unified real-time
risk platforms. The paper concludes by outlining future directions encompassing autonomous governance,
blockchain-based audit trails, and cloud-native risk intelligence systems.

Keywords: Cloud-Native Architecture, Microservices, API-First Banking, Risk Analytics, Regulatory
Compliance, Open Banking, Artificial Intelligence, FinTech.

1. Introduction the work/components of processing transactions,
calculating risk, and generating data used for
regulatory purposes as one unit that is hard to
upgrade, modify, or validate as individual

components.

The worldwide banking industry is currently
experiencing a radical change in its underlying
framework due to digitalization, increased
regulation, and the desires of consumers for instant
transactions. Existing bank systems, built on top of The emergence of cloud-native computing

multi-function “monoliths” created over many
years, are becoming inadequate for handling the
high speed, large amounts of, and diverse varieties
of data produced by newer financial ecosystem /
markets during this current digital evolution. These
older types of infrastructure have bundled together
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paradigms, containerization technologies, and API-
first design principles has provided a viable
architectural path for financial institutions seeking
to modernize their infrastructure without disrupting
mission-critical ~ operations  [2], [3]. This
decomposition  enables  horizontal  scaling,
independent fault isolation, and continuous delivery
of financial capabilities, thereby reducing the
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operational risk inherent in large-scale monolithic
deployments [4].

With this evolution in architecture has also come to
significant stricter banking risk and compliance
regulation. Basel III added required minimum
capital adequacy, Liquidity Coverage Ratio, and
leverage limitation which requires Enterprise Risk
Aggregation to be at a high degree of temporal
granularity [5]. BCBS 239 requires a strong risk data
aggregation capability requiring the financial
institution to provide demonstrations of the
completeness, accuracy, and timely nature of risk
data reporting across each of the material risk
categories [6]. GDPR and other local Data
Protection Regulations (e.g., EU) are territorial in
nature and apply to any data platform receiving
personal information about an EU citizen directly or
through cross-border channels and require that the
risk data aggregation capability of a financial
institution  include  embedded  cross-border
accountability and governance for the processing of
personal data [7].

Existing literature provides no evidence of the
growth of interest in Cloud Native Banks, and yet
there is an obvious disconnect between the available
architectural modernizations and the ability to
integrate  regulatory = compliance. = Multiple
frameworks have been developed to enable the
technical scalability of a Cloud Native Banking
platform, or enable regulatory conformance on a
stand-alone basis, but there is no evidence that a
mathematically based holistic approach for enabling
the deployment of a compliant, resilient architecture
for managing financial data at scale has been
developed. The framework presented in this paper
provides the unified foundation necessary for
creating a comprehensive risk management and
compliance framework for Cloud Native Banks that
embeds regulatory controls throughout the entire
layer of software architecture; from API Gateway
policies to Al compliance scores at the analytics
layer.

The principal contributions of this study include: (1)
the development of a seven-layer architecture for a
cloud-native financial data platform that fully
supports Basel III, BCBS 239, GDPR, and Open
Banking; (2) the presentation of five mathematical
models representing system availability, reliability,
compliance risk scoring, operational risk
quantification, and API throughput; (3) a systematic
review of research gaps in cloud governance,

regulatory interoperability, and Al explainability
related to financial compliance; and (4) a discussion
of emerging technologies influencing the
development of future generations of cloud-native
risk intelligence platforms.

2. Literature Review

Recent studies show there's an increasing trend of
banks implementing microservices, API-first
banking, and compliance automation architectures
within their organization. The following section
reviews the literature available on this subject and
discusses the contributions to the body of knowledge
as well as the limitations of each study, plus the
trends emerging in regard to using/the application of
cloud-native architectures (software architecture).

2.1 Cloud-Native Banking Evolution

Numerous publications have reported on the
movement from SOA to cloud-native microservices
within the financial services industry; Barabasi and
Bonabeau [8] presented findings that scale-free
microservices architectures provide more resilience
than monolithic architectures in terms of
performance when subjected to a significant load of
financial transactions. Chen et al. [9] additionally
provided evidence that event-driven microservices
provide better fault isolation and recovery than
synchronous SOA architectures. Narkhede et al.
[10] indicated that Apache Kafka could be an
effective solution to support high throughput
streaming of financial events, while Henriksson [11]
described API Management, Security Governance
and Traffic Control as major requirements for the
compliant operation of open banking systems.

2.2 Financial Microservices Adoption

Continuous satisfaction of the global regulatory
framework established by Basel Committee on
Banking Supervision (Basel II) requires the ongoing
compliance of Cloud-Native banking platforms.
with capital adequacy, liquidity and leverage
requirements set forth therein. Demonstrating
through a use case of Cloud-Native Risk Analytics
Platform , Kumar and Singh found that these risk
analytics platforms support real -time operational
risk scoring at scale. Additionally, Fowler evaluated
patterns of event sourcing in financial services (e.g.,
reversible transaction) and concluded that use of
event sources accomplishes the need for immutable
event logs that provide auditability and tracebility
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required to meet both internal governance and
external regulatory compliance.

2.3 Open Banking and API-First Systems

The Payment Services Directive 2 (PSD2) and the
UK Open Banking Standard regulation require
financial institutions to move toward API-first
architectures more quickly than before. Zhao &
Williams, [15] made a discovery that the
implementation  of  serverless  compliance
monitoring provides a dramatic decrease in
reporting latency. Additionally, Patel et al., [16]
proved that Al-driven compliance scoring can
provide a transaction review accuracy rate of more
than 94%. The National Institute of Standards and
Technology (NIST), [17] has established zero trust
architecture principles as the security model
supporting open banking APIs and mandates that all
service interactions be continually verified.

2.4 Compliance Automation Frameworks

The rapidly expanding field of RegTech includes
investments in automated compliance systems.
There is an increasing volume of investments being
made in this area. According to the work of Ghodsi
et al. [18], the scalable nature of regulatory reporting
provided by lakehouse architectures supports the
compliance industry. Morgan and Ellis [19] found
that data residency and access control issues present
significant obstacles to achieving compliance
maturity. The European Banking Authority [20]
created governance requirements related to the
outsourcing of governance; Ahmed and Fernandez
[21] suggested API first patterns to enhance both the
security and auditability associated with open
banking. Molnar [22] stressed that the use of
explainable AI will be crucial in ensuring
transparency in financial risk decision making.

2.5 Cloud Governance in Financial Institutions

Governance complexity continues to be an obstacle
to cloud adoption in regulated financial institutions
despite some of the good things about this
technology. For example, Davis [23] provided
evidence that the use of real-time compliance
monitoring dashboards would allow financial

institutions to identify and address any regulatory
breaches before they occur by giving them the
visibility necessary to do so. In addition, O'Connor
and Kleyner [24] developed principles of reliability
engineering that are critical for governing
availability and service level agreements (SLA) in
cloud-native financial platforms. Furthermore, the
widespread use of container-native deployments as
the primary infrastructure model for financial
services has been documented by the Cloud Native
Computing Foundation [25], while W3C [26] has
created frameworks for decentralized identity,
which enhance both authentication and consent
management in open banking ecosystems.

Foundational principles of software architectural
design for building resilient cloud-native platforms
were proposed by Richards and Ford [27]. Both
Chen and Morgan [28] highlighted microservices
orchestration and  observability as  key
characteristics of mature banking implementations.
The EU Digital Operational Resilience Act [29]
introduced new mandatory requirements including
scenario testing, incident reporting and third-party
risk management, which have direct implications for
operating models of cloud-native platforms.
Together, these studies illustrate that the resilience
and compliance controls must be embedded across
all layers of architecture and are addressed in the
proposed framework and the governance taxonomy
presented by Chen and Morgan [30].
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Table 1: Literature Review Summary

Reference Method / Framework Key Contribution Limitation
Laplante & Kassab | Microservices Structured microservices adoption for Lacks empirical validation in
[2] (2022) decomposition taxonomy | financial platforms banking environments

Rahman et al. [5]

Cloud-native API gateway

Improved API throughput and latency in

Limited coverage of

(2023) framework banking APIs compliance automation

Does not address Basel 111
integration

Gupta & Sharma
[8] (2022)

Open Banking compliance
model (PSD2)

Enhanced financial data interoperability
under PSD2

Chen et al. [9]
(2023)

Event-driven
microservices for FinTech

Improved resilience and real-time
financial processing

Scalability limitations at
extreme transaction loads

BCBS [12] (2023) | BCBS 239 risk data

aggregation principles

Defined global standards for risk data
governance

Implementation flexibility is
limited across regions

Kumar & Singh
[13](2023)

Cloud-native risk analytics
platform

Enabled real-time operational risk
scoring

High infrastructure cost and
governance complexity

Zhao & Williams
[15] (2022)

Serverless compliance Automated regulatory reporting with Cold-start latency impacts

monitoring FaaS pipelines real-time SLA compliance

Patel et al. [16] Al-based compliance Improved accuracy of Compliance Risk Limited explainability of ML-

(2023) scoring engine Score (CRS) driven outputs

Morgan & Ellis Multi-cloud financial Enhanced cross-cloud regulatory Governance fragmentation
[19] (2023) governance framework compliance monitoring across cloud providers
Ahmed & API-first open banking Strengthened third-party API security and | Legacy core banking
Fernandez [21] architecture auditability integration remains

(2023) challenging

3. Existing Architectures And Financial
Compliance Frameworks

monolithic bank and when there are many growing
areas in production that need to be scaled, you will
have to replicate the entire monolithic bank to
accommodate those demands. The implementation
of SOA provided some solutions to these issues,
however, the central enterprise service bus (ESB) of
SOA creates a single-point failure and performance
issues when dealing with high-volume banking

Traditionally, financial institutions utilise either a
monolithic or service-oriented architecture for their
banks. The purpose of this portion of the document
is to provide a review of current architectural
approaches in order to assess how well these
methods meet the demands of today's regulatory and :
operational environments. environments.

3.2 Microservices and Event-Driven Financial

Systems

3.1 Monolithic and Service-Oriented
Architectures

Banking Platforms are made up of Microservices
Architecture whereby they are broken down to
Microservices that can be deployed individually
aligned with business domains. Each Microservice
has its own Data Storage for managing their own
Data, Business rules and communicates with each
other via Lightweight APIs or Events. Event-Driven

Monolithic  banks combine all functional
components (like account management, transaction
processing, risk calculation, and reporting) into one
deployable entity. Although monolithic banking is
beneficial because it simplifies the process of
deploying a banking system initially, it is also very

operationally fragile. If there is an issue or failure, it . . .
Financial Event Systems such as those built on

can negatively impact all other components of a
g y mp P Apache Kafka enable the ability to send out
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Financial Events (e.g., Payment Instructions, Risk
Alerts, and Reporting for Compliance) across
different Microservices that are Distributed in order
to achieve Independent Scale and Fault Isolation.

3.3 API Gateway Architecture

Centralized Entry Point: All external consumers of
APIs have a single entry point to the APIs, which
provides a single place from which to manage API
functionality such as routing, authentication,
authorization, rate limiting and  request
transformation. The API Gateway minimizes the
security exposure by acting as a policy enforcement
point for Open Banking security standards and
OAuth 2.0 Token validation as well as Transport
layer security. In highly regulated financial
environments, an API Gateway will serve as a single
point of enforcement for security policies, therefore
minimizing the security exposure of each individual
Advanced API Gateway
implementations provide services such as real-time
analytics about API traffic, anomaly detection and
automated Controlled Circuit Breakers to aid
resilience of the API Platform.

microservice.

3.4 Regulatory and Compliance Frameworks

Under Basel III, banks must continually monitor key
regulatory measures such as Common Equity Tier 1
(CET1), Liquidity Coverage Ratio (LCR), and Net
Stable Funding Ratio (NSFR). To supplement this
regulation, BCBS 239 requires banks to accurately,
completely, and timely aggregate their risk data in
accordance with 14 different governing principles.
Furthermore, GDPR applies to all financial services
platforms supplying goods/services to residents of
the European Union (EU) involving access to
personal data. The laws establish criteria for
lawfully processing personal information, cross
border compliance accountability, and protecting
data of EU-residents, thus creating an environment
of potentially complicated regulations for cloud-
based financial service platforms that must be
managed in an integrated way by cloud-based
solution providers.

4. Proposed Cloud-Native Risk And Compliance
Framework

The proposed framework divides the cloud-native
financial data platform into seven separate
architectural layers. Each layer has distinct
responsibilities, interfaces, and compliance

functions. The layered architecture spreads risk
control and compliance through the entire platform
instead of only at one enforcement point.

Layer 1: Client Applications

The client application layer includes retail banking
apps, corporate treasury portals, fintech integrations,
and risk management dashboards. All interactions
occur through OAuth 2.0-secured, versioned APIs,
preventing direct access to underlying data stores
and microservices. This approach ensures consistent
security, controlled access, and comprehensive
auditing of client activities.

Layer 2: API Gateway

The API Gateway serves as a centralized layer for
authentication, authorization, rate limiting, request
validation, and TLS termination. It enforces Open
Banking FAPI security standards for regulated APIs,
routes suspicious traffic to fraud detection services,
and continuously streams throughput and latency
telemetry to the event platform for real-time
monitoring and observability.

Layer 3: Financial Microservices

The microservices layer consists of five core
services. The Accounts Service manages account
data and transaction history using event sourcing for
a complete audit trail. The Payments Service
handles payment processing and integration with
settlement systems and ISO 20022 standards. The
Risk Service generates real-time credit and
operational risk metrics. The Compliance Service
validates  transactions against  regulatory
requirements, while the Audit Service maintains a
tamper-proof record of all platform activities to
ensure traceability and regulatory compliance.

Layer 4: Event Streaming Platform

Various types of financial events are generated
throughout an application such as payment
instructions, risk threshold breaches and evaluations
of compliance rules. These events are written to
topic-partitioned logs so consumers can read the log
files in parallel. Kafka's at least once delivery
guarantee (vs at most once) allows for both the
processing of events in real-time and for re-
processing events at a later date for regulatory audits
by using configurable retention policies.

Layer S: Cloud Data Lake and Data Warehouse

The data platform layer develops a lakehouse
architecture which merges the schema flexibility of
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a cloud data lake with the analytical performance of
a structured data warehouse. Raw financial events
streamed into the lake will be in Parquet format
using Delta Lake ACID transaction guarantees. This
allows these raw financial events to be consistent
despite concurrent writes by different microservices.
Materialization of curated, conformed data sets
occurs in the warehouse layer to support regulatory
reporting queries, capital adequacy calculations, and
historical risk trend analysis.

Layer 6: AI-Based Risk Analytics Engine

The analytics engine uses machine learning models
to predict credit risk, detect transaction anomalies,
and forecast market volatility. Trained on historical
data from the data lake, these models provide low-
latency predictions through APIs for the Risk
Service. An explainability module based on SHAP
values generates interpretable explanations for risk
decisions, supporting regulatory transparency and
compliance requirements.

Layer 7: Compliance Monitoring Dashboard

The compliance monitoring dashboard combines
compliance risk scores, system uptime metrics,
throughput statistics for APIs and regulatory breach
alerts into one supervisory interface.Access to the
dashboard is controlled by role-based access
controls giving regulated users read-only access to a
standardized, overall compliance picture of the
entity. Automated alerting rules send notifications
when  Compliance  Risk  Scores  exceed
predetermined threshold levels and when system
uptime is below agreed upon contractual Service
Level Agreements (SLA).

5. Mathematical Foundations

Mathematical formulations give quantitative models
the ability to analyze system reliability and
compliance effectiveness and measure operational
performance on cloud-based banking platforms.
Analytical support is provided for the proposed
framework by wusing these mathematical
formulations.

5.1 System Availability

To determine the operational availability of a cloud-
based platform, we applied a standard reliability
engineering formula connecting the Mean Time
Between Failure (MTBF) with Mean Time To
Repair (MTTR). The series-parallel reliability

composition model provides measures of the
availability both at the individual service level of a
distributed microservices architecture and at the
aggregate level of the platform itself. The formula
is:

A = MTBF/(MTBF + MTTR)

Where: A = steady state availability of a specific
instance of a service, MTBF = average number of
hours between two or more service failures, MTTR
= average time to restore service after an event
leading to service interruption. Using this formula,
we determine that target availability levels of
aggregate payment/risk critical services have a
minimum expectation of A >0.9999 and therefore
require an MTTR (less than or equal to) of 5.26
minutes to have an MTBF equal or greater than 720
hours.

5.2 Service Reliability Function

The reliability of an individual microservice is
assumed to exhibit a time-dependent exponential
distribution function based on the assumption that
the microservices will continue to be operational and
reliable during their expected lifetimes with a
constant hazard rate (i.e., the empirical performance
characteristics of software systems running in
steady-state operations) and defined by

R(t) = eN1)

where R(t) is the probability of being failure-free at
time t after operation starts (service failure occurs)
and A is the failure rate equal to the inverse of the
mean time between failure (MTBF). A service is
required to have a reliability R(24) > 0.9997, which
means the maximum permissible failure rate for the
Risk Service (R (24) > 0.9997) must be A < 1.25
x107* failures per hour.

5.3 Compliance Risk Score

A Compliance Risk Score (CRS) combines
information from several dimensions of risk
according to their respective importance and the
degree of non-compliance detected in each
dimension using the following formula:

CRS =2 (w; X1y

Where w; indicates how important the regulatory
body deems dimensions to be while 1; tells us what
the level of non-compliance risk was in dimension i
normalized to [0, 1]. All weights will sum to 1, with
Basel III capital adequacy assigned the highest
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weight (0.40). If the CRS exceeds .75, it will trigger
an automatic escalation process and a breach alert.

5.4 Operational Risk

The quantity of operational risk on the platform is
calculated using the frequency-severity model as per
Basel III Advanced Measurement Approach:

OR = P(E) x I(E) where:

OR is the operational risk exposure in dollars. P(E)
is the estimated assessment of the likelihood of
occurrence of risk event E over a defined
observation period. I(E) is the estimated $ value of
the financial consequence for an event, including
direct loss of $, regulatory penalties or fines as well
as reputational damage. P(E) values are
continuously improved with the Al Risk Analytics
Engine using Bayesian inference over the event
stream.

5.5 API Throughput

Throughput of APIs is an essential performance
metric for Open Banking platforms, as it determines
the level of service provided to third-party providers
and end users.

The formula for API throughput is:
T=Ni
Where:
T = API throughput requests per second (RPS)

N = Total number of successfully processed API
requests during the measurement period.

t = Duration (in seconds) of the measurement period.

The framework targets a sustained T of at least
10,000 RPS per instance of the Gateway, and will
trigger horizontal auto-scaling when the sustained T
exceeds 80% of the per instance capacity.

6. Research Gaps

There are several areas of ongoing research in cloud-
native  financial  architecture  despite  the
advancements already made in this area. Most
modernisation studies have concentrated on
decomposition of services and containerisation and
there has been limited construction of work on the
regulatory, organisational and governance of data.
There is also a lack of research into migrating
complex financial processes (for example, loan
origination and derivatives settlement) to event-

based architectures. Current cloud governance
frameworks struggle with the challenges of multi-
cloud deployments, data residency and cross-border
regulatory compliance. There is no existing
automated solution for resolving regulatory
conflicts across jurisdictions, therefore creating a
significant gap for end-users.Al-compliance
monitoring presents issues of transparency and
accountability; therefore, there is an urgent need for
explainable Al models for financial regulations.
Furthermore, integrated real-time platforms that
incorporate the management of credit, market,
operational and liquidity risk are largely unbuilt with
the majority of existing solutions being siloed risk
solutions.

7. Challenges

Implementing cloud-based financial data platforms
for risk and compliance management presents
significant technical and organizational challenges.
While zero-trust security enhances protection
through continuous verification, it also increases
system complexity and performance
overhead.Vendor lock-in is a major concern due to
dependence on proprietary cloud services. Although
open standards and CNCF technologies improve
portability, maintaining
infrastructure can raise operational costs. Integrating
cloud-native microservices with legacy banking
systems also requires careful data synchronization
and migration planning to preserve transactional
integrity.Multi-cloud environments add governance

vendor-neutral

complexity by requiring consistent policy
enforcement and compliance monitoring across
providers.  Evolving  cybersecurity  threats,
particularly ~ supply chain attacks targeting
containers and infrastructure-as-code, further
increase risk. Additionally, regulations such as the
EU Digital Operational Resilience Act (DORA)
make operational resilience, incident reporting, and
third-party risk management essential components
of cloud-native financial platforms.

8. Conclusion And Future Scope

The paper discusses a Cloud-Native Financial Data
Platform for risk and compliance management that
is based on a seven-layer architecture which
incorporates regulatory controls at all levels. The
use of domain-based microservice architecture, and
an event stream-based backbone architecture
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enabled the framework to surmount the limiting
aspects of monolithic and SOA-based banking
architectures. Required mathematical models to
define architectural design and governance related
to platform availability, reliability, compliance
scoring, and risk management are included. The
cloud-native architecture framework can also be
used to satisfy the requirements of the Basel III
capital accord, the Basel Committee on Banking
Supervision 239, the General Data Protection
Regulation (GDPR), and Open Banking through a
single  integrated  architectural = framework.
Microservices have the necessary compliance
controls integrated into them, and Kafka-based
pipelines allow for continuous, real-time monitoring
as opposed to periodic compliance monitoring.
Future research could focus on Al-enabled
autonomous governance; blockchain-based audit
trails and decentralized digital identity frameworks
to provide greater compliance, security, and
transparency as it pertains to financial transactions.
Predictive risk  Analytics and confidential
computing could also provide a more efficient way
to manage risk while ensuring compliance with data
sovereignty mandates in regulated financial
environments.
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