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Received: 01 Feb 2026 This article compares two implementations of architectural patterns that led the

transformation of two critical national infrastructure systems—one a retail platform

providing service to millions of associates in thousands of locations, the other a

Accepted: 15 Feb 2026 financial underwriting system responsible for the majority of all U.S. residential
mortgages. These implementations successfully used the patterns to change old,
large systems and event-driven systems into smaller, cloud-based microservices.
The retail case study demonstrates how using unified event pipelines and Event-
Carried State Transfer patterns can lead to significant cost savings and improved
reliability during high demand across different locations. The financial case study
uses Enterprise Integration Patterns and data specifications to break down old
underwriting processes into faster microservices that reduce processing delays from
minutes to less than a second, all without any downtime. Al-based incident triaging,
ring-based geolocation routing for latency optimization, and UT accessibility services
are cross-cutting capabilities. Even though the way transactions work and the
number of users are very different in retail and financial systems, the same key ideas
about keeping data consistent, recovering from faults automatically, and ensuring
different systems can work together apply to the designs of both types. By
confirming these patterns in many reliable production settings, we create reusable
architectural patterns for other important applications in areas like healthcare, the
internet of things, and essential services. Improving supply chains, getting
mortgages, and fair job opportunities are other examples of enterprise architecture
working at the national level that have long-term economic and social effects,
making it a type of national infrastructure.
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1. Introduction: Purpose and Scope of National-Scale Digital Transformation
1.1 Defining Mission-Critical Scale in Enterprise Systems

The architecture of mission-critical enterprise systems is also different due to systemic considerations:
the cost of failure in a prototype or departmental system is distinct from mission-critical enterprise
architecture, where non-delivery may lead to the non-availability or reduced performance of a
national-scale utility (such as retail or financial services) or a systemic breakdown of the credit market
or supply lines for millions of homes. Experiments to improve economic systems at a national level
depend on a design that allows for technical, operational, regulatory, and organizational flexibility and
cooperation. All enterprise modernization initiatives are contingent on overcoming escalating
architectural and organizational inertia and technical debt associated with monolithic legacy systems.
Also, the need to keep services running all the time, since any downtime in essential systems is
unacceptable for society and the economy, means that successfully testing these services and making
them available nationwide are two separate challenges. This requires a change in how we think about
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architecture, prioritizing fault tolerance, distributed consensus protocols, and self-recovery design
instead of treating them as secondary issues.

1.2 Overview of Case Studies and Architectural Approach

We discuss two case studies that demonstrate the use of event-driven microservices architectures in
national critical infrastructure systems. The first is a large retail platform for an associate workforce
numbering in the millions using thousands of physical locations. The second is financial underwriting,
which dominates the processing of residential mortgage applications in a national market. In real
time, for the retail case study, the operational state also must be distributed to geographically
dispersed nodes and must have sub-second consistency of events to align the physical and digital
inventories. The financial domain case study breaks down its monolithic underwriting logic into
modular microservices, enabling parallel execution while maintaining transactionality and regulatory
auditability. Both microservices and serverless use similar design methods, like transferring state
through events to ensure everything stays consistent over time, using messages to allow services to
work independently, and tracking processes to manage complicated service networks. These include
features of computer systems that take advantage of adding more resources easily, handling partial
failures smoothly, and allowing different parts to develop separately without needing to coordinate
with each other.

1.3 Transferability and Broader Impact

We expect the architectures used in the validated case studies to generalize beyond the case studies
and their application domains to other applications and application domains that require national-
level coordination and rapid response. Such applications and areas include healthcare systems that
gather electronic health records from different providers, national networks that monitor
infrastructure by collecting data from sensors spread out over a wide area, and emergency response
systems that need to keep everything consistent, respond to events, and recover automatically from
faults. Such patterns can usually be used in different situations because they simplify the specific
details of the business logic and focus on the common technical challenges faced by all large-scale
distributed systems: handling network issues while ensuring eventual consistency, coordinating state
without central bottlenecks, and monitoring the results after the system is up and running. On a
national scale, organizations also need to assess the adoption, operational maintainability, and
functional extensibility of the system without refactoring the architecture. In addition to retail and
financial services, industry validation of these patterns and related applications of these patterns to
other mission-critical infrastructure provides reusable architectural patterns that can ensure effective
and efficient transformations to other sectors that are likewise stressed.

2, Case Study: Walmart Checkout Mobile Platform: Re-Engineering Retail
Infrastructure for 1.6 Million Associates

2.1 Business Challenge and Legacy System Limitations

The retail sector faces a continuing, costly problem with inventory shrinkage due to theft, internal
fraud, and process failure at the point of sale (POS) systems. This forced retailers to embrace
technology to tackle the problem, modernize legacy monolithic application architectures that were
designed for large, centralized POS terminals, and create distributed mobile workflows. Furthermore,
the architecture of the existing system was fundamentally limited by tightly coupled layers between
the presentation layer (UI), business logic, and data persistence. This was exacerbated when
phenomena such as state drift, in which the state of the checkout persisted in the system across a
number of transactions that were concurrently processed, forced associates to carry out redundant
manual processes to reconsolidate system state into physical reality and also resulted in bottlenecks
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when traffic increased. Additionally, the monolithic design made detecting and preventing fraud more
difficult, as anomaly detection algorithms required access to the real-time transactional context that
was spread across disparate elements of the system that were not organized into coherent event
streams [3]. This was compounded by the addition of further self-checkout hardware, thousands of
retail locations, and the state transitions on the devices that the centralized architecture could not
process with acceptable latency. Much of this technical debt was not the code complexity but the
mismatch between the architecture assumptions of how the system would be used and the emergent
distributed, asynchronous retail workflows and persistent synchronization of heterogeneous
computing hardware and software components.

2.2 Architectural Solution and Technical Implementation

The proposed design was an event-driven, microservices-based architecture centered on an event
pipeline that collected, formatted, and distributed state change notifications throughout the retail
enterprise in near real-time. This decoupled event producers (such as self-checkout kiosks, mobile
device scanners, and inventory management) from consumers (such as the associate mobile apps,
fraud detection, and operational reporting and analytics). In addition, the Event-Carried State
Transfer pattern allowed each microservice to easily update its own view of the eventually consistent
system state by subscribing to relevant streams of state change events. This had the effect of
eliminating synchronous communication between services and distribution availability issues that
occurred in request-reply-based microservice architectures. The Global Event Cascading pattern is
extended to coordinate changes to the state of dependent service domains in the same fashion by
means of event metadata and correlation identifiers, without explicit orchestration [4]. We
implemented persistent WebSocket connections for bidirectional data exchange between the backend
event processing systems and client applications running on smartphones and tablets, achieving sub-
second notification delivery and reduced battery consumption through connection multiplexing and
adaptive polling. On the hardware integration side, we converged heterogeneous formats from
different checkout hardware into common event schemas through a set of adapter layers that
transformed vendor protocols into domain events based on enterprise data contracts. This abstraction
layer decouples our core business logic from the actual hardware, allowing us to refresh hardware
without coordinating software releases across the service ecosystem.

Architectural

. . Event-Driven Microservices
Dimension

Legacy Monolithic System

Tightly coupled presentation, Decoupled event producers and

Component Coupling

business logic, and data persistence
layers

consumers with independent
scaling

State Management

Centralized state with drift issues
across concurrent transactions

Event-Carried State Transfer with
eventual consistency

Communication Synchronous request-response Asynchronous event streaming
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Failure . . Graceful degradation with load-
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Mechanism reconciliation correlation identifiers
Coordinated releases across entire Independent service deployment

Deployment Model P POy
system and hardware refresh

e Vertical scaling with over- Horizontal scaling with adaptive

Scalability Approach cal scating 8 P

provisioning resource allocation

Table 1: Comparative Analysis of Monolithic vs. Event-Driven Architecture Characteristics [3, 4]

2.3 Outcomes and Performance Metrics

The transformation yielded large infrastructure cost reductions, lowered data synchronization costs,
and increased resource utilization by eliminating the need to over-provision infrastructure to handle
peak loads. The event-driven architecture also made the e-commerce systems more reliable during
busy shopping times because it can handle high traffic without crashing, thanks to its ability to
manage loads and not rely on stored information. Further, the race conditions are removed through
the use of event sourcing, which represents all state changes as immutable event records that are
processed in deterministic sequence. This approach eliminates the temporal coupling between the
application functions and thus the effect of conflicting access patterns on the system state. Associate
productivity was improved via reduced manual reconciliation tasks and the ability to provide alerts on
mobile devices for associates to take preventative steps in addressing issues before they become
visible to customers. Thousands of physical deployments validated the operational characteristics of
the architecture at a true national scale across major geographic regions. The study demonstrated that
the event-driven patterns would achieve those levels of scale, performance, and integrity across nodes
of different and varying reliability connected via a variety of networks. It also established the event-
driven architectural pattern as a candidate for supporting other mission-critical retail systems
requiring similar levels of scale and reliability.

3. Case Study: Fannie Mae Desktop Underwriter Modernization: Cloud-Native
Transformation of National Mortgage Infrastructure

3.1 System Context and Migration Challenge

As the dominant automated underwriting system for the U.S. The Desktop Underwriter plays a crucial
role in the foundation of the national economy. It underwrites nearly all single-family residential
mortgage applications; therefore, the system's service level is treated as a zero-tolerance: if it were to
go down for a period, mortgage origination would stop, effectively halting the U.S. The system plays a
crucial role in the housing market, construction jobs, and consumer credit. This is because, despite the
legacy monolith growing considerably, the architecture had been modified with small changes to
accommodate regulatory and policy changes until it reached a situation where it could not scale to
meet the business requirements for processing loan applications and near-real-time decisioning. We
constructed the centralized underwriting logic, data validation, credit analysis, and collateral
evaluation functionality as a single deployable unit. Any changes to the code required regression
testing of the entire system and deployment at specific windows, preventing the organization from
being able to rapidly adapt to changes in the marketplace or regulatory environment [5]. The system's
integration risk came from its heavy dependence on the systems of outside parties in the mortgage
industry, which included many banks, loan processing systems, and external data sources, all
supported by reliable API agreements and expected performance. This change needed careful
planning to phase out old systems while ensuring that the interfaces still worked with previous
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versions and updating the internal cloud-based microservices without adding extra coordination
challenges for everyone involved.

3.2 Microservices Architecture and Integration Patterns

Enterprise Integration Patterns were used to update underwriting systems by breaking down old,
large underwriting processes into smaller, flexible microservices that communicate through messages
and events. The Splitter/Aggregator pattern is great for handling mortgage data because it allows full
loan applications, which include information like the borrower's finances, property appraisal, credit
report, and job verification, to be divided into separate workflows that each make their own risk
decisions, and then combine those decisions into a final result. MISMO's standardized data
specification provided the common semantic reference for service contracts, enabling decomposed
microservices to work on data representations that are interoperable with the complex network of
lenders and service providers that rely on stable integration interfaces. Using cloud-based technology,
flexible computing power, and managed services made it possible to automatically add or remove
service units based on how much processing was needed, without having to plan for capacity
manually. Blue/green deployment patterns reduced the risk of moving to new systems by using two
separate production environments, which let engineers test microservices against real user traffic
before switching over completely. Latency optimizations also come from the architectural benefits of
microservices development, they replace synchronous blocking execution with asynchronous non-
blocking communication between services, lowering the risk of cascading latency from downstream
processing. The microservices model also provides the ability to scale individual services
independently. For example, an application can allocate more compute resources to a service that is
identified as a bottleneck rather than scaling the entire application stack, as is the case with
monolithic deployment models.
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Table 2: Architectural Transformation in Desktop Underwriter Cloud Migration
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3.3 Vendor Data Retrieval Service (VDRS) Innovation

Customary mortgage underwriting requires the borrower to collect and verify paper documentation,
which can take days or weeks, and manually determine if the documentation was authentic and
accurate. The Vendor Data Retrieval Service uses RESTful microservices to provide digital, real-time
access to verification data from the financial services industry, payroll processors, and the United
States Department of the Treasury's Internal Revenue Service. The service simplified how
underwriting services connect with third-party verification providers by using API contracts, so they
can request the same type of verification data without needing to adapt to each provider's specific
systems or data formats. It also allowed partners to connect to fintech verification providers'
aggregated APIs that provided access to thousands of financial institutions. Borrowers could use
credential delegation to allow fintechs to fetch their data on their behalf rather than submitting
documents manually. Because the verification services were external and not directly under the
organization's control, the architecture was required to be both fault tolerant and gracefully degrade
even when external services became unavailable or degraded. To prevent delays in underwriting when
a verification service was down, they used methods like circuit breaker patterns and fallbacks, while
marking the affected parts for manual review. In place of laborious manual workflows, the lenders
automated document-based verification processes using API-based data retrieval. These new
workflows fundamentally altered underwriting economics and timeframes, with processing times
dropping from days and weeks to seconds and minutes. This enabled Day 1 Certainty initiatives
(where workshare lenders received a measure of underwriting risk certainty). This change occurred
within minutes of loan application submission, rather than taking days and weeks, and it
simultaneously improved the customer experience, lowered operating costs, limited fraud risk, and
removed opportunities for document manipulation.

4. Technical Innovations and Cross-Industry Applications: Reusable Architecture
Patterns and Operational Systems

4.1 AI-Driven Operational Excellence: Checkout Doctor

The Checkout Doctor system is an example of using machine learning in the production incident
management context. Automated triage and diagnosis of service degradation incidents replaces what
would otherwise be done by on-call engineering teams scoping the application logs, error traces, and
performance metrics. Analytical data warehouses ingest these live telemetry feeds. We train
supervised learning algorithms to categorize incidents according to their severity, root cause, and
suggested remediation. The analysis of server errors can distinguish between intermittent errors that
would be handled by an automatic retry and systemic coding errors requiring changes to the code.
This feature moves the system from firefighting mode, when engineers respond after the customer
impact is visible, to maintenance mode, when signs of degradation are used for preemptive
remediation, preventing the customer outage before it happens. Distinguishing automated recovery
from human intervention may pose a challenge. [7] As the models receive resolution outcomes, their
classification accuracy will continue to improve. The models will continue to expand the set of
incident classes that can be automatically resolved, as well as bring more failure modes to human
attention to be retrained into the models over time. This approach is most effective at busier times
when the number of incidents a human can triage is limited, and the models only automatically
resolve issues that are expected to affect large user bases. Minor transient errors can be addressed
using pre-existing patterns. It is designed to be explainable, providing incident reports that explain
how symptoms map to a diagnosis, allowing engineers to validate automated decisions and continue
to trust machine advice as the system increasingly takes over the driving of incidents.
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Fig. 1: Machine Learning-Driven Incident Triage and Resolution Workflow

4.2 Edge-to-Cloud Optimization Patterns

Ring-Based Geolocation Routing is a routing pattern that solves the cross-cutting concern of latency
when client applications interact with backend services deployed over different network paths and
network infrastructure in a geographic environment. It does that by architecting service endpoints as
concentric geographic rings, allowing client requests to be routed to the nearest service endpoint
within a service ring if it falls within acceptable latency bounds. If the local ring lacks resources,
fallback routing can redirect traffic to more distant rings. In retail deployment, for example, mobile
associate applications continue to be responsive when the centralized data center networks are
congested or partially non-operational. Requests to such applications automatically fail over to
regional or edge-based computing resources that are closer to store locations. The architecture is

Copyright © 2026 by Author/s and Licensed by JISEM. This is an open access article distributed under the Creative Commons 1555

Attribution License which permitsunrestricted use, distribution, and reproduction in any medium, provided the original work is
properly cited.



Journal of Information Systems Engineering and Management
2026, 11(18)

e-ISSN: 2468-4376
https://www.jisem-journal.com/ Research Article

applicable to any application that demands comparable performance characteristics across different
geographic locations, not just retail ones. If this approach is used in real situations like mortgage
processing (for instance, collecting applications nationwide with centralized review), in gathering
health care data, or in many Internet of Things (IoT) setups (where sensors collect data and send
control commands over different network layouts), it allows for routing based on location under
normal circumstances, while also having a backup plan that may slow down response times to keep
the service running. That way, service degradation is graceful rather than complete. Data consistency
can pose a significant challenge when implementing this pattern. The way instances are spread out in
the ring topology can lead to inconsistent data if rules for agreement or patterns for eventual
consistency are not followed.

4.3 Accessibility and Inclusive Design

The use of accessibility features like haptic feedback and screen readers in enterprise mobile
applications shows awareness that system users must be considered a heterogeneous population with
varying physical and sensory capabilities. Haptic interfaces provide feedback about system actions by
means of touch-based vibration patterns. For example, associates with visual disabilities need to rely
on both touch and sound in the absence of sight. To help screen readers work well, it's important to
use clear coding and ARIA labels that show the app's status and what actions can be taken, making it
easier for assistive technology to help users without disrupting their This places accessibility not just
as a post-hoc accessibility feature but as an integral part of the architecture specification, since by
delivering a more transparent user interface for all users, the cognitive load is reduced, and
participation of the workforce by those with disabilities is enabled. When the system is national,
accessibility compliance becomes even more important, since the absolute number of users is directly
correlated to the reach of the system. Hence accessibility defects represent not only an ethical failing
but also a design decision that effectively excludes large sections of the workforce from being fully
productive. It is easier and more efficient to include accessibility from the start in the design of a
system than to try to add it later to older interfaces, because accessibility relies on the initial decisions
made about how information is organized, how users interact with the system, and how different
states are managed.

5. Comparative Analysis and Societal Impact: Measurable Outcomes Across Sectors
5.1 Quantitative Performance Comparison

For the retail system, features include our thousands of stores and millions of retail associates that
directly use our systems. For the financial system, several tens of thousands of institutional customers
and millions of mortgage applicants indirectly use it. Retail likewise features high-frequency, low-
complexity transactions during business hours and large peaks in volume at holiday shopping time.
Financial system architecture, by contrast, involves low-frequency, high-complexity transactions. The
financial services industry may therefore not transact as much business but can have more stringent
requirements for risk and regulatory compliance, implying different kinds of latency tuning. Retail
systems want sub-second response time for simple state requests and updates to ease multiple
workflows involving different associates. Financial systems want low end-to-end processing time for
multi-stage workflows that retrieve information from one or more external systems and run complex
algorithms on that information. In retail, some businesses see a reduction in cost due to hardware
consolidation and automatic application scaling as a means to avoid resource overprovisioning. In the
financial systems domain, workflow automation replaces human operators with algorithms [9]. The
system demand is very similar, and hence the same availability targets. The result of downtime in
retail is lost sales. In finance, approval of applications submitted to regulators is delayed. Zero-
downtime deployments may be used to avoid the downtime and other costs caused by deployments.
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Retail systems should be available across time zones but should not interfere with maintenance or
system reboots. Financial systems should not break transaction semantics and audit trail continuity.
This requirement is due to government record-keeping regulations on the archiving of financial
transaction data.

5.2 Economic and Social Implications

These might also result in some economic payback. For example, when some alterations are made to
reduce shrinkage at the point of sale (and identify fraud), this will result in less loss of margin for the
organization. Alternatively, the consumer would bear the brunt of these losses in the form of higher
prices. With more accurate information and better forecasts, a firm is expected to reduce stockouts
that lower customer satisfaction and carrying costs in its inventories. In financial markets, improved
efficiency would mean a reduction in the rates of post-closing defects and the risk of buybacks in the
processing of mortgages. The result could help stabilize secondary mortgage markets and provide
liquidity to MBSs. Reducing the time and documentation burden of applying for a mortgage would
remove an important barrier to homeownership by reducing the transaction costs and time associated
with it. These measures would make homeownership more accessible to potential home buyers who
are discouraged by lengthy mortgage application timelines [10]. Workforce effects include associate
productivity in customer interaction versus reconciling systems, as well as any productivity gain for a
diverse set of workers that arises from technology enabling workforce engagement of people with
disabilities.

5.3 Architecture Pattern Transferability

Real-world event-driven microservices architectures used in retail and finance show that this type of
architecture could be useful in other areas that need similar technical coordination for large, spread-
out systems. Electronic health record systems used by different health care providers are like
mortgage processing systems because both work together across different organizations and must
follow data privacy laws to create a nearly real-time, combined view of a patient's record. Setting up
national systems for the smart grid and environmental monitoring using the IoT has similar
communication needs to retail systems: they both need to collect events quickly from sensors spread
out over large areas, analyze data in real-time to find issues, and send messages to various devices that
take action. Deployments of critical infrastructure in key networks in water distribution, power
generation, telecommunications, and others have also shared other architectural requirements, such
as high availability and graceful degradation. We generalize these three patterns together because they
each represent a general, domain-agnostic problem that every large-scale distributed system must
address. Specifically, these patterns focus on ensuring that different parts of the network stay
consistent over time, coordinating tasks between services without risking a failure in one spot, and
monitoring how the system behaves due to the complex interactions between services. These patterns
have all been used successfully in many large-scale production deployments in the industry, and they
are reusable architectural patterns for lower-risk, mission-critical systems.

Architectura Pattern Retail Financial Healthcare IoT

1 Challenge Solution Application | Application | Application | Application
Eventual . . _

. Event-carried Multi-store Distributed Federated

Consistency . .
ACross state transfer, inventory loan patient Sensor data
Network partition- synchronizati | application record consolidation
Partitions tolerant designs | on state aggregation

properly cited.
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Table 3: Domain-Agnostic Architectural Patterns for Mission-Critical Distributed Systems

Conclusion: Principles and Future Directions for Enterprise Architecture

These impressive examples of large-scale architectural changes discussed in this article demonstrate
that it's possible to safely move important national systems from old, single-unit designs to modern
cloud-based, event-driven microservices setups that can handle very high transaction volumes,
provide quick and consistent responses, and significantly lower operating costs. Retail and financial
companies have proven that architectural patterns such as Event-Carried State Transfer, Global Event
Cascading, and Ring-Based Geolocation Routing can be used safely and effectively on a national scale
for many users, including millions of store employees and tens of thousands of global corporate
clients. This study suggests that this approach can also work in other areas that need strong
teamwork, reliable updates, and the ability to fix problems on their own, like healthcare systems, IoT
infrastructure, and other essential services. infrastructure. The success of these changes will rely on
finding a balance between keeping the design clean and being practical, as well as dealing with old
systems, managing changes in the organization, and following regulations, which often means that
making small updates or combining old and new systems is the only realistic option instead of
completely starting over. The most important products from these architectures are common data
standards, integration patterns, and integration with the ecosystem. Such collaboration is essential, as
national-scale systems must always interact with third parties who cannot be mandated or tightly
coupled to the internal architecture design. Reuse the underlying architectural designs of national-
scale system deployments as templates for other high-value systems. Such reuse lowers the risk of
implementation and speeds modernization for other organizations in similar situations. In areas like
stabilizing retail supply chains, accessing mortgage markets, and engaging the workforce, these
systems show that national-scale enterprise architecture goes beyond just technical systems to include
infrastructure that has economic and social value, creating patterns that can help shape future
systems and designs.
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