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DESIGNING A HIGH-THROUGHPUT MICROSERVICES PLATFORM
FOR FINANCIAL RISK DATA ENRICHMENT: A CASE STUDY

Financial institutions increasingly rely on rapidly processing vast, heterogeneous data streams for effective risk
management and regulatory compliance. However, integrating and enriching this data in near real-time presents
significant architectural challenges, particularly at scale.

This paper details the design, implementation, and impact of a high-availability, microservices-based platform
developed to automate data processing for a central Eastern European bank. The primary objective was to create a
modular, scalable, and fault-tolerant system capable of managing massive data volumes while ensuring data integrity
and low-latency delivery of insights. A case study methodology was employed to document the system's architecture. The
platform utilizes an event-driven, asynchronous model built with Java and the Spring Boot framework. Core components
include decoupled microservices for data ingestion, normalization, enrichment, and delivery, orchestrated via RabbitMQ
message queues. A novel dispatcher service was implemented to manage entity-level concurrency control, preventing race
conditions during parallel data processing. The system's performance and health are monitored through an integrated
observability stack comprising Prometheus, Grafana, Loki, and Zipkin.

The platform successfully processes over 160 million data units daily from over 20 disparate sources. It reduced data
processing latency from several days to under 15 minutes and consistently meets a critical service-level agreement (SLA)
of delivering search query results in less than 10 seconds. Automation eliminated manual data handling, reduced data
quality error rates by approximately 87%, and significantly enhanced the bank’s ability to detect adverse financial events
in near real-time.

This case study validates the efficacy of a microservices architecture combined with explicit concurrency control for
building high-throughput FinTech data platforms. The presented design is a practical blueprint for engineering resilient,
scalable, and observable systems to address complex data integration challenges in the financial sector and other data-
intensive industries.

Key words: microservices, fintech, risk management, data enrichment, event-driven architecture, high-throughput
systems, concurrency control.
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MPOEKTYBAHHS BUCOKOITPOJAYKTUBHOI MIKPOCEPBICHOI INTAT®OPMHU
JIJISA 3SBATAYEHHS TJAHUX ®ITHAHCOBUX PU3UKIB: KEMC-CTAI

Dinancosi ycmanosu 0edani yacmiuie NOKIAOAIOMbCA HA WEUOKe ONPAYIOBAHHA BEIUKUX, 2emepO2eHHUX NOMOKI8
Oanux 014 epeKmuHo20 YNpasiinHa pUSUKAMU ma OOMPUMAHHA pe2yiamopHux sumoz. OOnak inmezpayis u 36azaqeH-
HSL Yux OaHux y pestcumi, HAONUNCEHOMY 00 PeaibHO20 YAcCy, CMEOPIOIONb CYMMESI ApXIMeKmypHi UKIUKU, 0COOIUBO
Y Macuimabo8anux cucmemax.

Y cmammi onucano npoekmyeanns, peanizayiio ma pesyiomamu npoeaoddHCeHHs. GUCOKONPOOYKMUBHOIL naam@opmu
Ha OCHOBI MIKPOCEPBICHOI apXimeKkmypu, po3pobieHoi 0 agmomamusayii 00podIeHHs OaHUX Y YeHMPATbHOEBPONell-
cokomy 6anxy. OCHO8HA Mema NonA2and y CmeopeHHi MOOYVIbHOL, MACUMAabo8anoi ma 8i0MOBOCMILIKOI cucmemu, 30am-
HOI Kepysamu 6eIUKUMU 00Cs2aMU OAHUX I3 3A0e3neYeHHsIM IXHbOL YLIiCHOCME Ma MIHIMATLHOT 3aMPUMKU NpU hopmyear-
HI ananimuynux incaumis. Memooonociunoio 0cHO8010 00CIIONCeHHs CMaeg nioxio case study, siKutl 003601U8 QemalbHO
3a00Kymenmysamu apximexkmypy cucmemu. Ilnamegopma peanizosana 3a nodieso-opicumosanoio (event-driven), acunx-
POHHOIO MOOEILTIO 3 GUKOPUCAHHAM M08y Java ma (petimeopky Spring Boot. Kniouosi komnonenmu 6Kiiouaroms 0exyn-
JIbOBAHI MIKpOcepsicu O0Jisl emanie HA0X00HMCeHHS, HOpManizayii, 30a2auenHs ma 00CMasKu OAHUX, AKi KOOPOUHYIOMbCS
uepes uepeu nogioomnenv RabbitMQ. /[na 3a6e3neuenus KOHMPOIIO KOHKYPEHMHO20 O0CMYNY HA PIBHI CymHOCmell 8npo-
saoaiceno dispatcher service, wo 3anodieae Koaizisam nio yac napanieivhoi 0opooxu danux. Monimoputne npooyKmueHoc-
mi ma cmawy cucmemu 30iUCHIOEMbCsL uepes observability stack, sxuii exmowae Prometheus, Grafana, Loki ma Zipkin.

Pospobrena nramgpopma 06pobnsie nonao 160 minviionie 0OuHUYb 0anux wooHs 3 oinswt Hidic 20 pisHOPIOHUX Odice-
pen, CKOpouylouU 3ampumKy 00pobnents 3 Kitbkox Onie 0o menute nigic 15 xeunun. Cucmema cmabiibHo 6UKOHYE KpU-

338



BICHHK XHTY M 1(92), Y. 2, 2025 p. AKTYA/JIBHI ITHTAHHA TEXHIYHUX HAYK

muyHi eumoeu SLA, 3ab6e3neyytouu pe3yibmamu nOWYKo8ux 3anumie meHui Hixc 3a 10 cexyno. Asmomamuzayis npoyecie
YCYHYNIa PYUHY 00pOOKY, 3HU3UNA Pi6eHb NOMUTIOK AKOCMI Oanux npubnuzno Ha 87% ma 3HAYHO NIOBUWUIA 30AHICID
OAHKY 8UAGIAMU He2AMUBHI PIHAHCOGI NOOIT Y Matidice peaibHOMY YdacL.

Haseoene docnioacents niomeepoicye epekmuHicmb NOEOHAHHSL MIKPOCEPEICHOT apXimeKmypu 3 SIGHUM KOHMPOJLeM
KOHKYpeHmHOoCcmi npu cmeopeni sucoxonpodykmusnux FinTech-nnameopm ons obpobnenna oanux. I[Ipedcmasnenui
ouzatin Modice Cyey8amu NPAKMUYHOK 00POACHbOK KAPMOIO OJisL IHICeHepil Macuimabo8anux, HAdilHUX ma cnocmepe-
JHCYBAHUX CUCTEM, 30AMHUX BUPTULY8AMU CKIAOHT 3A80aHHSA iHme2payii 0aHUuXx y hiHaHCO8OMY CeKMOpI ma iHWUX 2any3ax
i3 BUCOKOIO IHMEHCUBHICTNIO OAHUX.

Knrouosi cnosa: mikpocepsicu, (pinmex, ynpasiinus pusukamu, 30a2avents OaHux, nooi€6o-opicHMoSana apximex-
mypa, 8UCOKONPOOYKMUGHT CUCIEMU, KOHMPOTb KOHKYPEHMHOCHI.

Introduction

In the contemporary financial landscape, the velocity, volume, and variety of data have become defining factors for
competitive advantage and operational resilience [1, ¢.112]. Risk management departments within banking institutions are
particularly dependent on the timely acquisition and analysis of high-quality information to assess counterparty risk, com-
ply with anti-money laundering (AML) regulations, and detect emergent threats [2]. This data originates from a complex
ecosystem of internal legacy systems, such as data warchouses, and many external sources, including government registries,
sanctions lists, and open-data portals [3]. The consolidation and processing of these heterogeneous datasets pose a substantial
engineering challenge, characterized by inconsistencies in data structure, reliability, and update frequency.

This study addresses an operational challenge faced by a leading Eastern European financial institution: the need to
process over 160 million data units daily from more than twenty disparate sources. The existing manual and semi-auto-
mated workflows could not handle this scale, leading to significant delays between data availability and its delivery to
decision-makers. This latency impeded the bank's ability to react swiftly to adverse customer or counterparty risk profile
changes. Consequently, the strategic goal was to engineer a fully automated, modular, and fault-tolerant platform capable
of ingesting, validating, enriching, and distributing this data in near real-time.

The existing body of literature extensively covers the theoretical benefits of microservice and event-driven architec-
tures [4,5]. Yet, there is a paucity of detailed, real-world case studies demonstrating their application to high-throughput,
concurrent data enrichment tasks within the banking sector's stringent security and regulatory environment. This paper
aims to fill that research gap by presenting a comprehensive architectural blueprint and implementation analysis of the
developed platform.

The practical significance of this work lies in its detailed exposition of a solution that balances scalability, resilience,
and data integrity. It provides a tangible example of decomposing a complex data pipeline into specialized microservices,
managing concurrency in a distributed environment to prevent data corruption, and embedding observability as a core fea-
ture to ensure operational transparency and SLA compliance. This case study is intended to serve as a valuable resource
for software architects, engineers, and information technology leaders in the financial industry, as well as an instructional
tool for academics and students exploring modern FinTech system design.

Literature Review The challenges this research addresses are at the intersection of financial technology (FinTech),
big data processing, and software architecture. The decision to adopt a microservices-based approach is grounded in
established principles of software engineering that advocate for modularity and separation of concerns to manage com-
plexity in large-scale systems [4]. Unlike monolithic architectures, a microservice architecture decomposes an application
into a collection of loosely coupled, independently deployable services [5]. This paradigm is well-suited for enterprise
environments like banking, where different business capabilities (e.g., data ingestion, enrichment, and user interface) can
be developed, scaled, and maintained by separate teams, thereby increasing organizational agility [6].

The processing of high-volume, real-time data streams necessitates a scalable and resilient architectural pattern. Event-
driven architectures (EDAs), often implemented using message brokers like RabbitMQ or Apache Kafka, have emerged as
a dominant solution [7]. In an EDA, services communicate asynchronously by producing and consuming event messages,
which decouple them in time and space. This decoupling prevents failures in one service from cascading and impacting the
entire system, allows for the absorption of workload bursts, and enables individual services to be scaled horizontally based
on demand [8]. Our use of RabbitMQ for orchestrating workflows aligns directly with these established benefits.

A critical challenge in parallel data processing systems is ensuring data consistency, especially when multiple ser-
vices may attempt to modify the same data entity concurrently. While distributed transaction protocols exist, they often
introduce significant performance overhead and complexity (9). An alternative approach, and the one explored in this
case study, is to implement explicit concurrency control mechanisms. Our design of a centralized Dispatcher service that
manages entity-level locks with time-to-live (TTL) leases is a practical implementation of optimistic locking patterns
adapted for a distributed, high-throughput environment. This avoids the bottlenecks of global locks while preventing the
race conditions that can lead to data corruption.

Finally, the operational viability of any distributed system hinges on its observability—the ability to infer its internal
state from external outputs (10). A modern observability stack typically integrates three pillars: metrics, logs, and traces
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[L1]. Tools such as Prometheus for time-series metrics, Loki for log aggregation, and Zipkin for distributed tracing have
become industry standards for providing deep insights into system performance and behavior. This research demonstrates
the integration of such a stack as a foundational architecture component, essential for troubleshooting, performance tun-
ing, and ensuring compliance with stringent service-level agreements (SLAs). The synthesis of these concepts — micro-
services, event-driven communication, explicit concurrency control, and built-in observability — forms the theoretical
foundation upon which our platform was constructed, addressing the specific research question of how to architect a
resilient system for real-time financial data enrichment at scale.

Methodology. This study employs a descriptive case study methodology to provide an in-depth analysis of a bespoke data
enrichment platform’s design, implementation, and operational outcomes. The case is centered on a central Eastern European
bank, which provides a real-world context for the technical and business constraints inherent in the financial sector. The research
involved the system's architectural design, development, deployment, and performance monitoring over its operational lifecycle.

The architectural design was fundamentally shaped by the challenge of processing over 160 million data records daily
from more than 20 heterogeneous sources, including legacy systems like an Oracle Data Warehouse. The system must
apply complex business rules and deliver near real-time updates to end-users while enforcing strict role-based access
control. These demanding functional requirements necessitated an architecture capable of immense scale and complexity.

Even more influential were the non-functional requirements for horizontal scalability, high fault tolerance, and compre-
hensive observability, all within the stringent security posture mandated by the financial industry. A critical service-level
agreement (SLA) requiring search queries to complete in under 10 seconds made performance a first-class architectural
driver. Faced with these constraints, a traditional monolithic approach was deemed untenable. Instead, the decision was
made to adopt a microservices architecture, supported by literature from thought leaders like Fowler and Lewis [4],
who argue it enables the decomposition of complex applications into manageable, independently deployable services.
As detailed by Newman in Building Microservices [5], this approach is well-documented for enhancing scalability and
fostering the organizational agility necessary in modern service organizations, a concept explored by van Oosterhout [6].

Five core principles guided this architectural choice. First, concerns were separated by isolating distinct functionalities
into independent microservices. Second, asynchronous workflows were implemented using message queues, a key event-
driven architecture (EDA) pattern for decoupling services and building resilient systems, as described in foundational
texts like Enterprise Integration Patterns by Hohpe and Woolf [8]. Third, all data mutation operations were designed to be
idempotent, ensuring they could be safely retried without causing data corruption — a crucial feature for achieving fault
tolerance in large-scale systems, as emphasized by Kleppmann in Designing Data-Intensive Applications [9]. Fourth,
observability by default was embedded from the project's inception by integrating monitoring, logging, and tracing. This
principle is a cornerstone of Site Reliability Engineering (SRE), a discipline extensively detailed in publications by Beyer
etal. [10, 11], and is essential for operating complex distributed systems and meeting SLAs. Finally, security and compli-
ance were addressed through centralized authentication and immutable audit trails.

The platform was developed using Java and the Spring Boot framework, a mature ecosystem for building produc-
tion-grade microservices. As illustrated in Figure 1, the architecture consists of specialized services — such as the Importer,
Enricher, and Dispatcher — that communicate asynchronously via RabbitMQ. This decomposition allows for independent
scaling; for instance, the Enricher instances can be increased to handle high processing loads without affecting other system
parts. The multi-stage, event-driven pipeline ensures an orderly and fault-tolerant flow of data. A critical innovation was the
Dispatcher service, which manages concurrency by providing entity-level locks with a time-to-live (TTL) lease. This is a
pragmatic approach to preventing race conditions and ensuring data integrity in a high-throughput environment, avoiding the
complexity and performance overhead of distributed transactions often discussed in data system design literature.

As a single-case study, the findings are specific to this context and are not intended to be universally generalizable.
The study describes a successfully implemented system rather than comparing multiple architectures through controlled
experiments.

Results

Implementing the microservices-based platform yielded significant, measurable improvements across operational perfor-
mance, strategic outcomes, and resource efficiency. The results demonstrate the achievement of the project's primary objectives.

The platform successfully met its primary throughput objective, consistently processing over 160 million records daily
from more than 20 heterogeneous sources without data loss or integrity issues. The most significant impact was observed
in the reduction of data processing latency. The automation of the data pipeline reduced the end-to-end time required to
make a newly available dataset accessible to analysts from a baseline of 1-3 days to under 15 minutes. This represents a
performance improvement of over 95%. This magnitude of improvement is a practical validation of the theoretical ben-
efits of scalability and parallelization promised by modern event-driven and microservice architectures in data-intensive
environments [5, 7, 9].

Furthermore, the system consistently met the critical service-level agreement (SLA) for user-facing queries. Despite
high concurrent usage, over 99% of all search queries returned results in under 10 seconds, providing analysts with the
near real-time data access required for effective risk monitoring. The key performance metrics are summarized below.
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Fig. 1. System Architecture Overview

Table 1

Summary of Key Performance Improvements

Metric

Before Implementation

After Implementation Improvement

Data Processing Time 1-3 days

< 15 minutes >95% reduction

Daily Processing Capacity

< 10 million records

160+ million records 16% increase

Search Query Response Time 30-60 seconds

< 10 seconds (p95) 3—-6x faster

Data Quality Error Rate ~8%

<1% ~87% reduction

A key performance indicator for the system was the user-facing search query response time. Through a combination
of optimized database indexing (including B-tree and GIN indexes), query profiling, and the use of materialized views for
frequently accessed data, the platform consistently met its SLA of <10 seconds for search responses, a 3-6x improvement

over the previous system's 30-60 second response times.

The platform significantly enhanced the bank's risk management capabilities. The system expanded the breadth of risk
monitoring coverage by facilitating the rapid integration of new external data sources, such as government open-data por-
tals and commercial registries. The near-real-time processing pipeline reduced the latency for detecting adverse events,
such as a counterparty's inclusion in a sanctions list, enabling analysts to take immediate action.

Furthermore, the automated data validation and rule-based enrichment engine led to a marked improvement in data
quality. The system automatically corrected common formatting errors, deduplicated records, and augmented entities
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with supplementary information, reducing the estimated data quality error rate from approximately 8% to less than 1%.
Implementing the Dispatcher service for entity-level concurrency control successfully eliminated the risk of data corrup-
tion due to conflicting updates, a critical requirement for maintaining data integrity in the bank's core risk database.

Beyond performance metrics, the platform delivered substantial strategic benefits. The automated data validation and
enrichment processes markedly improved data quality and consistency, reducing the risk of errors in downstream analytical
models. This enhanced data reliability empowered the bank's risk management teams to make faster, more confident decisions.

The project also drove significant cost efficiencies. The automation of tasks previously requiring manual intervention
freed up an estimated 15-20 hours of skilled analyst labor per week, allowing personnel to be reallocated to higher-value
analytical and strategic activities. On the infrastructure side, the platform's containerized design and auto-scaling capabili-
ties led to a 30% reduction in cloud computing costs compared to the previous, statically provisioned system. This demon-
strates the platform's ability to optimize resource utilization by dynamically adjusting to workload demands, achieving a
strong return on investment.

The results presented in this case study offer significant insights into the practical application of modern software
architecture principles to solve complex data processing challenges in the financial sector. The successful deployment of
this platform validates the hypothesis that a well-designed microservices architecture can meet the dual requirements of
high throughput and stringent data integrity.

The 16-fold increase in daily processing capacity and the dramatic reduction of processing latency from days to min-
utes directly result from the architectural choice to parallelize workloads across stateless, independently scalable services
(Importer, Enricher). This finding aligns with the theoretical benefits of microservices espoused by Fowler and Lewis (4),
demonstrating that the pattern's advantages in scalability and resilience are achievable in a real-world, mission-critical
environment. Using an asynchronous, message-driven communication model via RabbitMQ was instrumental in achiev-
ing this outcome by decoupling services and creating a resilient data pipeline to buffer load spikes and tolerate transient
failures of individual components.

One of the most novel contributions of this work is implementing the centralized Dispatcher service for managing
concurrency. In many distributed systems, ensuring data consistency is often addressed with complex distributed transac-
tion protocols or by sacrificing parallelism. Our explicit, lease-based entity-level locking approach provides a pragmatic
and highly effective alternative. It successfully prevented race conditions without creating the performance bottlenecks
associated with more pessimistic locking strategies, a crucial factor in maintaining high enrichment throughput. This
finding suggests that a dedicated coordination service can offer a superior trade-off between consistency and performance
for entity-centric data processing workflows compared to more generic solutions (9).

The consistent achievement of the sub-10-second search SLA underscores the importance of designing for perfor-
mance from the outset rather than treating it as an afterthought. This was not merely a result of using a robust database
but a deliberate strategy involving schema design, selective denormalization, aggressive indexing with PostgreSQL's GIN
indexes, and materialized views. This reinforces the principle that SLAs must be treated as first-class architectural drivers.
Furthermore, integrating a comprehensive observability stack (Prometheus, Grafana, Loki, Zipkin) proved invaluable.
It provided the feedback loop necessary for continuous performance tuning and rapid incident resolution, reducing the
Mean Time to Resolution (MTTR) for operational issues. This aligns with contemporary DevOps and Site Reliability
Engineering (SRE) practices, which posit that a system's operability is as critical as its functional features [10,11].

Despite its success, the study has limitations. The solution is tailored to a specific set of legacy systems and data
sources, and the bank's infrastructure constraints dictated the choice of an on-premises deployment. A cloud-native
implementation might leverage different technologies (e.g., serverless functions, managed message queues) that could
offer alternative cost and operational complexity trade-offs. Future research could compare different concurrency con-
trol patterns (e.g., optimistic locking with versioning vs. the lease-based model) in a similar high-throughput context.
Additionally, the rule-based enrichment engine could be augmented with machine learning models for predictive risk
scoring and anomaly detection, representing a promising avenue for further enhancement of the platform's capabilities.

Conclusion

This paper has presented a detailed case study on the architecture and implementation of a high-throughput data
enrichment platform for a significant financial institution. By adopting a microservices architecture, event-driven com-
munication, and an explicit concurrency control mechanism, the developed system successfully addressed the formidable
challenge of processing over 160 million daily records from many heterogeneous sources in near real-time. The platform
achieved significant quantitative improvements in processing speed, data quality, and system scalability and delivered
substantial strategic value by enhancing the bank's risk detection capabilities and regulatory compliance posture.

This work's main contribution is providing a practical, evidence-based blueprint for engineering resilient and per-
formant data processing systems in the demanding FinTech domain. It demonstrates that the theoretical advantages
of modular design and asynchronous communication can be translated into tangible operational success. The novel
Dispatcher service for entity-level locking, in particular, offers a valuable pattern for managing concurrency in distributed
data-intensive applications.
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The prospects for further research and development are rich. Future iterations of the platform will explore the inte-
gration of machine learning algorithms for more sophisticated, predictive enrichment and anomaly detection. Further
optimization of the data pipeline and resource management could be achieved through adaptive concurrency policies that
respond dynamically to workload patterns. Ultimately, this project is a compelling testament to the power of disciplined
software engineering and modern architectural principles in transforming complex business challenges into robust, scal-
able, and operationally transparent technological solutions.
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