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Abstract: The systems themselves (order management, inventory allocation, pricing engines, store systems) are often the most critical
components of the business, and classic modernization techniques do not apply. The omnichannel imperative, the need for near real-time
data, and composable digital experiences are overwhelming, but uptime requirements on legacy platforms make disruptive replacements
unrealistic. The framework addresses this contradiction with the architectural patterns library: continuous availability enforces continuous
operation as a non-negotiable architectural requirement. Edge-first experience replacement separates the part of the system that users
interact with from the transaction logic, making it possible to enhance the user interface or try out new options without risking the current
transaction processing. In addition to scheduled batch jobs, event-shadowed batch patterns allow the event-driven interfaces to bring
inventory/order and production data very close to real-time without prematurely retiring the relevant interfaces. Progressive store rollout
disciplines the application of change across diverse retail environments in a way that minimizes risk and maximizes proof points from the
live experience before going to full rollout. De-risked cutover patterns drive the transformation of legacy to modernized flows through
parallel operation, quantitative validation, and rehearsed rollback plans. When used together, these three patterns allow retail organizations
to make the transition from tightly coupled, batch-oriented architecture to API-first, adaptive architecture in a disciplined and incremental
manner, without adversely affecting the operational continuity that all retail businesses depend on every day.

Keywords: Retail Core Modernization, Zero-Downtime Migration, Event-Driven Architecture, Legacy Displacement Patterns,
Omnichannel Systems Evolution

agility necessary for modern retailing. These systems are a vital
part of daily retailing for many retailers, and store outages can lead
to lost sales, frustrated customers, and damage to consumer
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real-time omni-channel  reliability confidence.
i i i The problem is that retailers, from global specialty brands through
to large, multi-branded apparel operators, know that many of the
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RETAIL CORE SYSTEMS egacy cores simply cannot support the multi-channel, real-time

demands and comparatively high integration and interoperability
requirements of the future. For teams, the biggest problem is that
there is no safe path for change, a path where change is introduced
but the system does not need to go down, which is more
problematic in environments that support retail and manufacturing.
Production scheduling, allocation, and store replenishment are
tightly coupled, so any disturbance to one of these processes can
create problems in the downstream processes.

The image is a high-level conceptual framework diagram. At its
center sits a single box labeled "Retail Core System" with sub-
labels identifying the four pillars it governs: Orders, Inventory,
Pricing, and Store Operations. Two opposing force arrows press in
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Retail cores operate under constant uptime pressure
while demands keep increasing.

1. . Introduction: The Modernization Paradox in

Retail

Retail core systems rest in a dilemma: key operations are business-
critical and need to run 24/7, whereas the supporting systems need
to evolve fast enough to keep pace with the competition. Order
management, inventory allocation, pricing engines, and store
operations have been mastered in these stable systems over many
years. They are part of the fabric of these organizations, extremely
reliable in service yet structurally misaligned with the velocity and
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from the top and bottom of the core box, creating a visual tension.
The top arrow, colored in a warm tone, is labeled "Rising Business
Demands" and carries three sub-tags: Omnichannel Flexibility,
Near Real-Time Data, and Composable Experiences. The bottom
arrow, in a cooler tone, is labeled "Uptime Constraints" and carries
sub-tags: No Safe Downtime Window, Tightly Coupled
Dependencies, and Batch-Driven Operations. Surrounding the core
on all four sides are four pattern boxes connected by outward-
pointing arrows, each representing one layer of the framework:
Edge-First Experience Replacement (left), Event-Shadowed Batch
(right), Progressive Store Rollout (bottom-left), and De-Risked
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Cutover (bottom-right). A circular arrow running around the
outside of all four pattern boxes carries the label "Continuous Core
Evolution", reinforcing that modernization is an ongoing cycle
rather than a single project.

The answer to this paradox is not as simple as opting for one
particular technology. The answer is that retailers usually try to
evolve, carefully using an approach that prefers patterns over the
single solution, instead of a replacement approach with a
projectized target architecture. In this approach, legacy and new
components coexist in an interim environment. Techniques to
enable the core to be constantly evolving while the application runs
are the fundamental basis of the framework described in the
remainder of this article. These techniques involve design and
integration patterns as well as deployment disciplines, discussed in
the following sections [1], [2].

2. Why Retail Cores Resist Conventional
Modernization

The complexity of many legacy retail architectures is not usually
due to poor engineering, but the cumulative effect of operational
incrementalism, vendor coupling, and batch-oriented business
processes: solutions easily justified at the time they were
implemented, but which have proven to be more complex when all
taken together. An order management system extended to support
wholesale allocation. A pricing engine extended to support
promotional hierarchies. The store operations platform itself is
also extended to support other functions which were once solely
paper-based. Each of these approaches made sense at the time, but
the result is a tightly coupled environment that seems to reveal the
extent of its interdependencies only when there is a demand for a
change.

As aresult, application modernization is one of the most complex
enterprise technology modernization exercises in the retail sector,
with the sector's key enterprise systems - order management, ERP
systems, POS systems and inventory control systems are among
the most codependent and most likely to impact operations and
human behavior. Retail application modernization studies have
consistently found this coupling to be the primary modernization
roadblock, as retailers only find undocumented dependencies
between systems when the modernization attempt leads to an
unexpected failure [3]. A logical consequence of this is that the
first step for a credible modernization strategy would be to perform
a dependency mapping, as system boundaries do not correspond to
clean architectural seams. The diagram below illustrates this
structural reality: rather than a set of cleanly bounded components,
the legacy retail core presents as a web of overlapping
dependencies in which OMS, ERP, POS, and inventory engines
are connected through layers of custom middleware and batch-
driven integrations that have no natural separation points.
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Patterns around the core sit alongside existing systems to evolve safely over time.

The image illustrates the tightly interlocked relationship between
the core legacy systems OMS, ERP, POS, and inventory engines
connected through layers of custom middleware and batch job
dependencies. It visually communicates that these systems do not
have clean, isolated boundaries; instead, each component touches
multiple others, meaning a change introduced at any single point
propagates unpredictably across the entire estate. The diagram
makes the abstract concept of "undocumented dependencies"
concrete, showing why conventional modernization which
assumes separable components fails when applied to retail cores
that have grown organically over time.

This dependency structure is further compounded by the
operational scheduling constraints that govern when these systems
can safely be modified, constraints that have only tightened as
omnichannel operations have eliminated the low-traffic windows
that legacy batch jobs were originally designed to exploit. Besides
being non-trivial to update, retail cores also tend to resist being
updated for practical reasons. Batch processes that run overnight
to reconcile inventory, update pricing, or close orders can be
scheduled with a high degree of predictability and no window for
surprise delays. They were designed for a business model where
low network traffic in late nights, early mornings, or weekends
allowed processing without interfering with customers and store
associates. This is no longer true in modern retailing, especially in
an omnichannel market where both digital and physical channels
are open and working 24/7. The result of this is that the original
reason for batching, the known quiet periods, no longer apply, but
the jobs never go away, because even now the fundamental
structure of the code means that it would be too disruptive to
eliminate them at the times that the business cannot afford that
disruption.

The pattern library described in the rest of this article resolves this
paradox in a different way: instead of removing all batch
dependencies at once, patterns make change around newly
available options and coexisting processes, reducing the blast
radius of any individual change. All of them are supported by a
general principle: that legacy displacement is most effective when
it is done in small, verifiable steps rather than by displacing the
entire system at once. This principle is widely acknowledged as
best practice in the field of scientific legacy system migration, and
is often applied in the case of retail modernization, where up-time
is paramount [4] [5].

Table 1. Why Retail Cores Resist Conventional Modernization [3, 4]

Resistance Factor

Resistance Factor

Resistance Factor

Tight system
coupling

OMS, ERP, POS,
and inventory
engines share
undocumented
dependencies
Changes in one
system trigger
failures in adjacent
systems
Batch-driven data
flows

Tight system
coupling

OMS, ERP, POS,
and inventory
engines share
undocumented
dependencies
Changes in one
system trigger
failures in adjacent
systems
Batch-driven data
flows

Tight system
coupling

OMS, ERP, POS,
and inventory
engines share
undocumented
dependencies
Changes in one
system trigger
failures in adjacent
systems
Batch-driven data
flows
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3. Edge-First Experience Replacement

The least operationally disruptive entry point for retail core
modernization is the user-facing layer, the screens that store
associates, planners, buyers, and customer service representatives
see and use every day. These surfaces are often tightly coupled to
transaction screens and proprietary navigation mechanisms that are
artifacts of the systems they were built on, rather than the needs of
the people who use them. Replacing them with web or mobile
experiences that interface with existing backend programs via
stable, versioned APIs is one of the safest, most straightforward
moves in a constrained modernization environment.

Edge-first works because the interface of the presentation layer is
completely decoupled from the core of the transaction business
logic and doesn't require changes to the transactions themselves.
For example, when a store associate looks up an order, initiates a
transfer, or checks inventory availability with the new program, the
core processing program doesn't have to know or care that the
interface calling it has changed. The core continues to behave
exactly as it always has, only the surface through which users reach
it is different. This separation means that the store teams still
benefit from clean workflows, responsive design, better data
presentation, and use. It also guarantees the uptime behavior and
operational practices system administrators prefer.

This value compounds as time passes. Once the edge is separated
from the core screen layer, the backend logic can change behind
the same stable interfaces, and users don't have to learn new tooling
cach time a subsystem changes to accommodate the changes. For
large retailers, with high turnover of store associates, the cost of
retraining as well as the cost of planning is non-negligible. Retail
modernization roadmaps that describe applying the pattern explain
how investing in edge decoupling early reduces the efficiency cost
of subsequent backend modernization by separating the user
experience from the backend so it does not need to change in
lockstep with every change to the underlying systems [9]. The most
practical retail technology roadmap that develops the experience
layer first to build organizational confidence with change before
approaching core transactional logic, steadily showing success
along the wayi, is far superior to a core replacement and experience
replacement at the same time [5].

Especially, the interface stability should be a main concern. The
new experience layer's APIs to the old core system should be
designed to last, and there should be versioning strategies in place
so that the core system can evolve over time without breaking these
interfaces to the experience layer. The tradeoff for that satisfaction
is the investment in an integration layer that abstracts away the
details of the legacy platform: its data formats, its transaction
semantics, and its error handling from the experience components
that call it. This abstraction also provides a natural seam for future
backend replacement. When the day comes when a legacy program
is replaced or retired, it is the integration layer that will need
updating, and not the experience tools that teams have come to rely
on. In the APIs section of its 2026 State of Application
Modernization report, Retool said the predominant patterns for
sustainable decoupling at scale across retail enterprises would be
API-first architecture and domain-driven decomposition [6][3].

Table 2. Edge-First Experience Replacement [5, 6]

Pattern Element

Pattern Element  Pattern Element

Legacy State
Post-Pattern

Legacy State
Post-Pattern State

Legacy State
Post-Pattern State

State

User interface User interface User interface
Tightly bound Tightly bound to core Tightly bound to core
to core transaction screens transaction screens
transaction

screens

Decoupled web
or mobile layer
connected via

versioned APIs

Decoupled web or
mobile layer connected
via versioned APIs

Decoupled web or mobile
layer connected via
versioned APIs

Backend Backend transaction Backend transaction logic
transaction logic
logic

4. Event-Shadowed Batch: Introduce data
freshness without impacting other jobs

It is common for many older retail architectures to rely on large
scheduled batch jobs in order to drive the data flows that keep the
business running. For example, inventory reconciliation, price
propagation, order status updates, and replenishment signals may
be scheduled to run overnight or during off-peak periods, and
results are made available to downstream systems hours after the
transactions occur. Although this latency was acceptable and not
visible when all retail channels used the same time horizon, in an
omnichannel world where a customer's digital expectation is for
inventory visibility, order status, and pricing to be accurate to the
minute, the gap causes a structural mismatch in what the core
knows and what the business needs to show.

The event shadowing mechanism has no impact on the legacy jobs.
Whenever the legacy core tries to perform an operation on a
business entity that has business importance: like moving stock
around, marking an order with a different state, or completing a
particular step in production, a dedicated component monitors the
operation and emits an event into a message broker or into an event
stream. A consumer service is then built that consumes these
events to maintain a continually updated view of the same data that
is produced by the batch jobs on their fixed schedules. The digital
channels, planning tools, and reporting applications are then
updated on the basis of this event-based view, in iterations, while
batch outputs are consumed by systems which have not yet
transitioned.

This pattern is very similar to the "leave and layer" modernization
approach, in which event-driven services are placed alongside
existing systems, rather than replacing them, so that the legacy
system does not need to know about the event layer at all. Such an
event stream can be built with change data capture, with changes
to the audit log, or through thin wrapper components that observe
transactions without modifying them. This non-intrusive
instrumentation preserves the behavioral integrity of the core while
enabling the new data flows that modern retail operations require
[7]. The change from batch dependence to event dependence now
becomes a question for the consumers that every system that reads
from the batch output can migrate to the event stream on its own
schedule and with its own needs, independently of others.

The value of this pattern is not only mechanical: Running the
event-based views and the batch-based views in parallel, and
comparing their outputs over time, helps a team build up
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confidence in the approach before the system is committed to using
the event stream as the master data source. Zero-downtime
migration frameworks uniformly recognize the parallel validation
period (in which legacy and new data paths run side by side, and
their outputs are compared against known accuracy thresholds) as
anecessary requirement for safely retiring legacy data flows in any
context in which data integrity is a non-negotiable operational
requirement [8]. Retailing provides a clear example. Where
inventory accuracy is a prerequisite for fulfilling commitments to
customers, catering for the validation discipline is not optional. It
is how the business earns the right to replace batch processes that
have anchored its operations for years [7], [8].

BATCH PATH (LEGACY) EVENT PATH (NEW LAYER)

ly Batch Job ‘ Event Emitter ‘

€DC - Audit Log - Wrapper

Downstream Systems ‘ ‘

Message Broker
Still consuming batch outputs

Event Sream

Consumer Service
Rest-vima data view

‘ Digital Channel:

lanning - Reporting ‘
mentall

Bath paths run on live data - Gutputs compared a

Fig 2. Batch and event-driven paths coexist during the transition.
Consumers migrate independently on their own schedule [7, 8].

Table 3. Event-Shadowed Batch [7, 8]

Dimension Batch-Only Event-Shadowed
Architecture Architecture

Data Hours: dependent fegg ;edal)-:r:;h state-
freshness on job schedule p

change event

Batch retained,
Legacy job ?2 t(ei;v:r;:;rei? consumers migrate to
dependency Y y the event stream

batch outputs incrementally

Event capture Change data capture,

. Not present audit log monitoring,
mechanism .
or transaction wrappers
Old and new data paths
Parallel . compared against
validation Not applicable accuracy thresholds on
live data
transition cutover required & P y

on its own schedule

5. Progressive Rollout and De-Risked Cutover

Even sound technical patterns for modernizing legacy systems can
result in operational risk if not deployed in a disciplined manner to
manage the transition from legacy to modernized behavior at scale.
Because each retail environment is heterogeneous, store volumes,
network reliability, staff experience levels, and local operating
practices vary across geographies and location types. Even a
change that has been stable in a controlled test environment may
expose unanticipated edge cases when released into a high-traffic
retail environment at the height of trading periods. This is why a

progressive rollout is used, so that any edge cases are detected
before full release.

In practice, the pattern achieves this by deploying in waves. The
first wave is a small number of locations that are representative of
the estate as a whole, and it is small enough that issues do not have
a systemic impact. Each wave only expands the deployment
footprint once the preceding wave has met defined performance
criteria and a documented rollback path has been established at the
individual location level. This pattern is similar to the phased
geographic rollout typical in many retail legacy replacement
events, where limiting the scale of impact of any particular change
is a design principle to permit business continuity during the
transition period [9].

The de-risked cutover pattern is used for the most critical transition
any core modernization has to manage: the cutover of the core
system for any critical function from its legacy flows to its
modernized flows. The standard cutover pattern, where the system
is cut at a low-traffic time to either a successful cutover or an
emergency recovery, is generally not good enough for retail
systems where the revenue and operational impact of downtime
can be important at promotional times. A more controlled approach
runs the old and new versions on live traffic in parallel for an
observation period, comparing metrics against quantitative success
criteria, before promoting the new code to primary.

In a valid parallel run, the metrics that define the equality of the
two paths (e.g., order processing accuracy, inventory position,
allocation, etc.) must be defined. The duration of the parallel run
must be long enough to include the range of activity that the system
will be expected to handle. Furthermore, there must be a written
and practiced procedure for rolling back to the old path in the event
of any problems with the newly activated path. Zero-downtime
migration control practices, such as automated migration tools and
pre-migration validation, as well as parallel operation, quantitative
validation, and rehearsal rollback, are the basis of cutover risk
management for mission-critical enterprise systems [10]. Business
stakeholders have high confidence in the modernization because
they can see side-by-side results during the parallel run and are
aware that rollback has already been tested and can be conducted.
This is particularly true in organizations that have lost faith in the
ability of IT to successfully lead change [9] [10].

Change Ready for Deplojyment

e o ]

| Deploy 1o Small Representative Store Cohort |

Petrics Maet
M ) Defined Thresholds?

| P — —

| Expand to Mext Location Tier |

| Initiate Parallel Run |

Output Equivalence
Mo . Confirmed?

‘ —

Promote New Path to Primary

Legacy path retained a= Gallbeck

Cutowver Complete - Core Modermized

Fig 3. Each wave gate and parallel run decision point has a
documented rollback path before proceeding [9, 10].
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Table 4. Progressive Rollout and De-Risked Cutover [9, 10]

Stage Activity Success Criterion
. ti t
Small, representative Uptime, error rate,
Wave 1 . and workflow
store cohort receives .
deployment change completion meet
& defined thresholds
Deplovment Previous wave
Wave ploy metrics sustained
. extended to the next
expansion over the full

Parallel run

location tier

Old and new core
paths operate

observation window
Output equivalence
confirmed across

initiation simultaneously on order, inventory, and
live data allocation metrics
Reversion sequence Full rollback
Rollback executed in staging completed within the
rehearsal against production- defined recovery
equivalent data time target
All success criteria
New path designated have; been met.
Cutove? primary, legacy path Business
promotion ’ stakeholders have

retained as a fallback. confirmed parallel

run results

6. Conclusion

Retail core systems will continue, and accelerate, to face pressure
to support additional channels, faster data, and more flexible
fulfillment models. The existing legacy systems, while durable in
terms of uptime performance, generally have structural limits on
how much of this type of change they can support. The pattern-
based framework described here offers some guardrails on how to
think about moving this evolution forward without interrupting
availability. Edge decoupling, integration,
progressive deployment, and validated cutover techniques each
resolve a separate dimension of the modernization problem,
empowering enterprises to move from a legacy architecture to
composable, API-first architectures with a sequence of
individually reversible and directionally forward steps. The key
enabler throughout is to think of uptime not as a constraint on
change, but as the primary design goal, supporting all architectural
and operational decisions. And that takes discipline, which
retailers must impose on themselves. One way for retailers to
respond to their changing business requirements and maintain their
competitive advantage is to develop the ability to continuously
evolve their core systems rather than occasionally rewrite them
wholesale. The patterns in this paper provide practical guidance on
that process, based on the design of live systems that cannot be
taken out of service.

event-driven
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