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Abstract: As the private banking industry changes, effective credit management is critical in minimizing risk and meeting regulatory
requirements. This article describes a case study about enhancing the eOASIS platform for Citigroup's Private Bank Credit Services &
Control (CSC) unit in Asia-Pacific. The eOASIS application provides users with a single location from which to access collateral
monitoring reports, credit approvals, and management information system (MIS) reporting. This paper discusses how new features (Loan
Value Module and Cash Equity Module) were added to the eOASIS application, as well as how a new flow was created for Credit Line
Maintenance (CLM). The paper also describes the extensive testing methods that were used, as well as how we deployed both in non-
production and production environments and what technical issues were encountered during the project. The end result was improved
accuracy of data, streamlined credit processes, and greater efficiency of operations for the CSC Unit. In addition, the architectural
approach and the methodologies for integration test cases documented in this paper provide useful models for similar projects within the
financial-services industry.
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L. INTRODUCTION

Private banking is becoming more complicated and has many regulations. High-net-worth clients expect a sophisticated
and personalized experience from private banks, and many require incredibly complex options related to the use of credit to finance
their purchases; thus, managing credit associated with these types of lending options (i.e. lending related to non-standard credit)
should form part of the overall regulatory compliance of a financial institution and ultimately contribute to maintaining its financial
stability. Post-2008 global financial crisis, and with the implementation of increasingly stringent banking regulations such as Basel
IIT and Basel 1V, financial institutions are being held under much greater scrutiny regarding how they manage their collateral,
approve loans, and report on each of their bank's risk exposures (Saunders & Cornett 2018; Bank for International Settlements
2019). In this type of environment, an institution's ability to efficiently and effectively manage its credit infrastructure provides a
distinct competitive advantage and serves as a risk mitigation factor.

The Credit Services and Control Unit (CSC) within Citigroup Private Bank Asia Pacific's business units will be the primary
driver/lead component in addressing the challenge of managing credit risk. The CSC unit is responsible for managing and
overseeing the value of the collateral that underpins the loan, creating (and renewing) loans, and providing management with
information to monitor the overall health of the loan portfolio. Historically, these processes have been supported by a combination
of legacy systems, manual processes, and separate (highly disjointed) spreadsheet databases. This led to significant issues within
the organization due to the lack of consistent data (which have caused disconnects within the organization) and inefficiencies
resulting from the process.

Disconnected data that relates to the value of the collateral associated with the loan in conjunction with credit limits or
maximum loan amounts for the individual/organisation client in order to use credit; therefore, the CSC's structure will also include
the creation of a system/tool to maintain consistency in how all of these items are captured, tracked, and monitored,
etc.Relationship managers worked with credit officers to use several different ways of accessing client information. They would
manually reconcile data to provide a complete view of a client's position. This led to delays in processing credit lines and possible
errors:

e Slow Decision-Making: Credit approvals were often slow and completed on paper, therefore requests were often stuck in
email chains for days, delaying the ability of the bank to respond to clients or changes in the marketplace.
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e Higher Operational Risk: Much of the data entry was manual or done using spreadsheets leading to much greater risk of
human error. Inaccurate calculations of loan-to-value (LTV) ratios or missing data entries can lead to incorrect assessments of
risk and potentially cause the bank to incur regulatory violations.

e Limited Real-Time Visibility: When a single platform does not exist, it was very labor-intensive to deliver timely and accurate
Management Information System (MIS) reports.

e As such, Management lacked real-time visibility of portfolio concentrations, stressed assets and total credit risk exposure,
which limited their ability to take proactive steps to mitigate risk.

In response to these systemic issues, the eOASIS platform was developed as a single point of reference that would provide
the CSC unit with a complete, integrated, efficient, and controlled environment for the management of credit. The underlying
philosophy behind the design of the eOASIS platform was to create a "single source of truth" that would eliminate disparate threads
of credit management and create a single, cohesive digital ecosystem.The infrastructure of the platform is built around its three
foundational pillars that correspond to the primary functions of CSC:

e Collateral Monitoring (OASIS Core): The core function of the OASIS module is to serve as a central repository and valuation
engine for all assets used as collateral. In addition, the OASIS module automates the retrieval of current market data (stock
prices, bond yields, etc.) to provide real-time valuations of equities, bonds, structured products and cash. The OASIS module
calculates real-time Loan-to-Value (LTV) ratios by applying "haircuts" to the LTV ratio based upon asset type and
concentration; thereby allowing for proactive management of margin calls and ensuring proper collateralization of loan
portfolios. The foundational methodologies for determining concentration risk, as well as other methodologies employed in
valuation, have been explored in depth in the academic literature (Zhang, 2011), emphasizing the use of dynamic, rules-based
systems.

o Credit Approval System (CAS): The CAS module digitizes and automates the workflow associated with credit origination
and approval processes. By replacing traditional paper-based application forms with electronic workflows, the CAS guides
users through the necessary steps of the approval process, automates compliance checks, and routes applications to the
appropriate approvers based upon their delegated lending authorities. The CAS provides for more uniformity in credit decision-
making as well as a complete audit trail, greatly reducing the time needed for processing and providing increased governance.

e Credit MIS and Reporting: The final pillar of the platform is the conversion of raw data into useful business intelligence.
Data from both the OASIS and CAS components of the platform is aggregated into the MIS component, providing management,
risk committees and regulators with a complete suite of reports. The information inscribed in past reports has aided leadership,
to begin making strategic decisions with the goals of efficient management of portfolios and minimizing risks while maximizing
returns.

As soon as eOASIS was launched, it laid a foundation for an excellent amount of time. However, due to the changing
business environment and advancements in technology, it was time for a significant enhancement. The CSC unit required deeper
analytical capabilities and automation to keep up with clients becoming more complex and trading volumes growing. This paper
will document the creation of this improvement, its implementation, and its outcomes.

The objectives were to improve Collateral Monitoring module capabilities by adding more robust analytical capabilities
and advanced features, enabling scenario models to be built for analysis of loan values and cash equity; to automate an essential,
high-volume operational function by developing a new, end-to-end workflow for credit line maintenance, integrating the entire
process from the time a front-office user requests a credit line modification until it is reflected in the core banking system; to
establish the reliability and stability of all new functionality through an extensive, research-based methodology that targets all non-
business scenarios and edge case scenarios.

This paper will serve as a case study of this improvement. The paper opens with a Literature Survey (Section 2) that
establishes a framework for the technical and methodological decisions and includes current research findings and industry best
practices. Section 3 describes the Agile Development methodology, the architectural design, and the comprehensive integration
testing strategies employed. The results documenting improvements to the business in the form of increases in key business metrics
such as reduced processing time, reduced error rates, and significantly improved data latency are presented (Section 4). An analysis
of the success of the improvement project is included (Section 5) and addresses the impacts the success had on the overall
improvement project. Last, Section 6 communicates the significant impact this project made on the CSC unit and summarizes the
significant contribution that it will make to improving financial technology.

II. LITERATURE SURVEY
Before starting with development, there was an extensive literature, industry and market research that was reviewed to
justify the project using best practice and current innovation. The research was done in four main areas relevant to the eOASIS
enhancement that addressed: credit risk assessment methodologies, collateral valuation methods, agile transformation of financial
institutions, and the current software architecture methodology for financial systems.

2.1 Credit Risk Assessment and Early Warning Systems

Any credit platform's ability to properly evaluate and manage risk is an important component. In a recent study, Machado,
Chen and Osterrieder, (2025) [1] discuss a new type of Early Warning System for keeping track of credit risk within commercial
banks that uses Monti, Peters and other algorithms for predicting customer accounts that will go into default and/or possibly lose
money on accounts due to either fraud or non-sufficient funds. They also emphasize that for institutional approval and use of these
models, explanation of how these models work must be demonstrated and provided to regulatory compliance. Similarly, Wei
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(2025) [6] argues that traditional credit risk assessment systems are biased towards historical data and linearity assumptions;
therefore he develops a predictive framework using machine learning models based on real-time systems using multi-source input
in order to make prediction of risk more accurate during extreme market volatility. The findings from the studies above helped
determine and support improvements in eOASIS risk monitoring processes; specifically the decision to deploy more dynamic /
data-driven collateral valuation techniques.

2.2 Collateral Valuation and Loan-to-Value Methodologies

A critical aspect of collateral monitoring revolves around accurately calculating Loan to Value ratios (LTV). The
comprehensive LTV calculation methodology study by Zhang (2011) [2] examined both rule-based and model-based Value-at-
Risk (VaR) methodologies for equity and bond collateralized portfolios and discovered that as the limit (\LLT\) approaches one,
then both the asset weightings and the diversifications become critical factors in determining concentration risk for LTVs — this
conclusion was subsequently used to assist in developing the new Loan Value module in eOASIS. In addition, Zhang (2011)
utilized diversifying factors and multi-factor frameworks to take into account concentration risk within the geographic area or
within an industry and found that many traditional models based on a Gaussian or Student-t distribution performed poorly as a
benchmark for LTV values. In addition, Industry practices that established the guidelines for AVMs and CRIs were originally
documented in 2008 by Residential Funding Corporation and provided an early framework for AVMs and CRIs. Establishing a
basis of using multiple models with geographic-specific rules for AVMs and CRIs will go a long way toward improving the
accuracy of the valuation process [7].

2.3 Agile Transformation and Development Methodologies in Finance

Robust Development Methods Are Required for the Effective Delivery of Large Scale Financial Platforms using SAFe
(Scaled Agile Framework). This was the focus of a single-case study by Putta, Paasivaara, and Lassenius (2024) [3] which
highlighted numerous benefits that can be attained with SAFe such as improved collaboration, improved transparency, and reduced
time to market when implementing SAFe in a large financial organization. They also provide an overview of the challenges of
implementing SAFe in a large financial organization including aligning the release trains to the value streams and managing
dependencies across Team members. A companion case study described by Team Topologies (2024) [8] focuses on an 18-month
transformation period at a global financial services organization that adopted agile delivery from a monolithic system to agile
delivery, which resulted in a 200% improvement in Lead Time (from 270 days to 67 days on 95% of the changes) through the
adoption of Cognitive Load Management, inverse Conway maneuver, and Team Topologies principles. These findings validate
the iterative, experimental approach used for the eOASIS enhancement project.

2.4 Software Architecture for Financial Systems

More businesses today are using modern technology to increase their agility, scalability, and resilience in their financial
businesses by implementing microservices and an event-driven architecture. Through a study of independent researchers, 2025
microservices and event-driven architecture allow for greater improvements in deployment speeds and throughput, as well as lower
latency, while also achieving a high level of security and regulatory compliance [5]. The review conducted by Zhao, Yang, Yang,
and Chen, 2025 on real-time payments, looked at four types of event-driven architectures: e.g., Command Query Responsibility
Separated (CQRS), event sourcing (depositing and withdrawing), and Saga (teller transaction tracking). They concluded that
hybrid models that included both synchronous and asynchronous processing would allow for a throughput of greater than ten
million transactions per hour while maintaining ACID principles. These principles have guided the design of the new Credit Line
Maintenance (CLM) workflow as a loosely coupled service within the new eOASIS platform [10].

2.5 Integration Testing in Financial Systems

Due to the criticality of financial systems application to conducting business and making money, testing must be done with
precision. Brekelov, Borisov, and Barygin (2015) have developed a case study regarding integration test automation of financial
data exchange modules using the Financial Information eXchange (FIX) protocol. Their research shows that by using automated
integration testing techniques, it enables faster testing processes and the ability to quickly adjust to specification changes. In
addition, they highlighted the need for thorough test documentation, and the requirement to estimate function coverage; these two
principles were directly applied in the development of integration testing suites for the eOASIS CLM and Loan Value modules

[9].

III. METHODOLOGY
Using the SDLC methodology to develop this project emphasises an agile approach with continuous integration amongst
the projects and high quality assurance throughout project development. The SDLC process divides the project development
process into separate phases and allows each phase to be completed before moving to the next phase:

3.1 Requirements Analysis and Design

To develop the Loan Value, Cash Equity, and CLM features being built, we initiated our project (Phase I) through a series
of detailed workshops with critical stakeholders in the CSC unit to collect requirements. During this phase of the project, user
stories were created that defined new functionality, including calculating the loan-to-value ratio in real time and having credit lines
automatically replenished when the account exceeds the established threshold. The primary design goal was to ensure all new
functionality was designed to seamlessly integrate with the existing eOASIS modules, thereby providing users with a single-user
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experience. An architecture diagram was created to show how new and existing components interact with one another (see Figure

).

3.2 Development and Feature Implementation

Iterative sprints were used for development effort on the below areas of focus:

e Cash Equity and Loan Value Enhancements: Development of new algorithms to allow for calculation of real-time loan value
based upon fluctuations in the price of collateral (equity, bond). Relationship Managers now have an 'what if' scenario modeling
capability around a cash Equity position.

e Credit Line Maintenance (CLM) Flow: A completely automated workflow developed from scratch provides an end-to-end
(from front office business user initiating request for Credit Line Increase, through compliance checks, to final approval and
booking in core banking system) process for adjusting credit lines.

3.3 Integration Testing Strategy
As part of developing a testing strategy for the financial industry, it was essential to create an effective testing strategy to
validate that the entire system would work well from end-to-end. This meant testing the system under all possible conditions. The
team created multiple integration tests that provided for all possible test cases:
e Positive conditions: Increase in credit limit with successful credit line increases, Collateral valuation is successfully updated.
e Negative conditions: Requests to draw from Credit Line exceed available amounts, Collateral is not eligible to support the credit
line.
e Edge conditions: Multiple requests to create or modify Credit Lines at the same time were handled properly, Corporate actions
such as stock splits were processed correctly on Collateral.

3.4 Deployment

To reduce the risks involved, we utilized a multi-level deployment process:

e Development: This is where the application was initially built and unit tested.

e Staged (Pre-productions/UAT): The applications developed & tested went to this environment for SIT and UAT. The Pre-
Prod/UAT mirror production and were used to validate the business users' CLM flows with "real" data.

e Production: After UAT sign off and approval, and during a scheduled maintenance window with a detailed rollback plan, the
code goes into production.

IV. ARCHITECTURE
The eOASIS platform is designed with a service-oriented architecture, which allows it to be durable, responsive, and
maintainable. The enhancement project adhered to this architectural framework by utilising the microservices and event-driven
architectures identified through the literature survey [5][10].

FRONTEND_WEBUI
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l
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Figure 1: High-Level Architecture Diagram of eOASIS with New Modules

V.RESULTS
All features planned as part of this project have been implemented successfully and meet all requirements set forth at the
beginning of the project regarding performance/reliability. After 3 months in production mode, key metrics show the value added
to the business as a result of this project.
The speed had increased significantly by decreasing the wait time for credit lines' approvals from 120 minutes to 45 minutes
(62.5%), and also reducing the rate of manual data entry errors from approximately 8-10 per month to 90% fewer (approximately
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0-1). The time it took to refresh data decreased drastically from 5 minutes to less than 30 seconds (90% faster). The percentage of
end-to-end tests conducted within Application Performance Management (APM) increased significantly from 30% to 95%. The
cumulative number of people who adopted the solution was approximately 85% 3 months after the solution was released.

Performance Metrics Comparison

8%
25%
17% ManualDataEntryErrors [90]
DataRefreshLatency [90]
UserAdoptionRate [85]
CreditLineApprovalTime [62.5]
EndToEndTestCoverage [30]
24% 25%

Figure 2: Key Performance Metrics Before and After Enhancement

Metric

Before Enhancement

After Enhancement

Improvement

Credit Line Approval Time

120 minutes

45 minutes

V 62.5% faster

Manual Data Entry Errors

8-10 per month

0-1 per month

V¥ 90% reduction

Data Refresh Latency 5 minutes <30 seconds V 90% faster
End-to-End Test Coverage 65% 95% A 30% increase
User Adoption Rate N/A 85% (3 months) High adoption

Table 1: Performance Metrics Comparison Before and After Enhancement

Additional Results:

e Test Coverage: This integration testing suite includes coverage for 95% of all possible end-to-end scenarios in both CLM and
Loan Value modules resulting in a significant drop in probability of production defects [9].

e User Adoption: Staff from the CSC unit provided feedback on the new features’ intuitive designs by quickly adopting them
resulting in decreased need for manual intervention.

VI.DISCUSSION
The successful enhancement of the eOASIS system was due to both technical talent and strict adherence to the process
applied as outlined by the findings from the literature survey. The development of a new automated Credit Line Maintenance
(CLM) flow represents a major accomplishment. Prior to this project, CLM was performed through manual execution of the current
process that included the use of email and a spreadsheet to track transactions. This manual process had inherent delays and risk.
Incorporating the CLM flowing within the eOASIS system allowed the bank to implement a compliant, efficient and error free
process.

The other key success factor was the emphasis placed on developing comprehensive integration test cases. Financial
applications have a significant monetary cost associated with failure. To mitigate some of that cost, the team simulated all possible
test scenarios, including complex edge cases; ensuring that the new CLM features could address the complex nature of actual
financial data and the manner in which users behave when transacting. The result of using this rigorous testing methodology,
combined with sound problem-solving skills, enabled changes to be deployed smoothly in both non-production and production
environments without any significant incidents.

The enhancements made to the Loan Value and Cash Equity modules provided the CSC unit with more precision when
monitoring risk. The new algorithms developed through the application of the LTV methodologies identified in the literature
provide immediate data updates allowing for margin calls to be made proactively and for more informed credit decisions.
Therefore, the new algorithms contribute directly to the bank's risk management framework and will continue to be improved
based on results identified in recent research regarding modern practices for assessing credit risk.

The literature regarding the transformation of financial services through the use of Agile and DevOps practices facilitated
the iterative delivery of new features and enabled rapid feedback loops with stakeholders from the business unit. The use of the
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microservices architecture approach produced a delivery environment where new features could be developed and deployed
separately and independently without destabilizing the core platform [11].

VIL.CONCLUSION

The eOASIS platform's improvement enabled the CSC unit of Citigroup Private Bank to handle enhanced Credit Line
Maintenance, Loan Value, and Cash Equity reporting. The project's success stemmed from a systematic and methodological
approach, combined with current research in credit risk evaluation, software architecture, and agile development, which led to an
innovative and solid architecture that could handle the added functionality. The result is that the improvements have eliminated
many instances of manual operations and errors while allowing for real-time monitoring of Citigroup's credit portfolio. It is clear
from this study that these improvements in technology, combined with superior technical and communication abilities, result in
increased operational efficiency and risk control within the private banking sector.
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