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Abstract:

Horizontally scaled distributed systems carry an inherent vulnerability: when stateful
dependencies are shared across services, a single bottleneck propagates failures outward
until the entire execution path degrades. Financial environments operating at transaction
scale cannot absorb this propagation pattern, as database saturation and regional
disruptions translate directly into revenue loss and exposure to regulatory penalties. A
cellular architecture addresses this vulnerability by partitioning global workloads into
autonomous units that each maintain their own state boundaries, severing the chain
reaction before it begins. Removing the database from the critical execution path
eliminates the synchronous dependency that historically made checkout pipelines
fragile under load. Pre-computed state injection combined with a state-machine-driven
orchestration layer keeps business logic insulated from the volatility of persistent
storage systems entirely. Controlled simulation data confirms that this architectural shift
produces substantial reductions in failure blast radius alongside the operational
conditions necessary for near-continuous global availability. Latency improvements
follow directly from eliminating round-trip database calls, accelerating the order
finalization sequence in ways that database-coupled designs structurally cannot achieve.
Multi-billion dollar financial infrastructures operating under complex and shifting
regulatory obligations gain a scalable foundation that absorbs compliance transitions
without compromising availability.

1. Introduction

engine that cannot return a valid response does not
slow down order completion; it stops it entirely,

1.1 The Financial Imperative for Architectural
Resilience in Global Commerce

Revenue loss in digital commerce does not require
a complete outage. Seconds of degraded
performance at checkout translate into abandoned
transactions, and for platforms processing millions
of orders daily, that degradation carries a financial
cost that accumulates faster than most engineering
teams can respond. [1] The checkout pipeline sits at
the center of this risk, binding together product
availability checks, payment authorization, and tax
calculation into a sequence where each dependency
failure becomes the customer's problem. Minor
infrastructure disruptions that would be invisible in
less critical services become legally and financially
consequential at this layer. [5] Tax calculation
draws particular attention because its failure mode
leaves no room for graceful degradation. A tax

converting purchase intent into cart abandonment
and revenue leakage at a scale that compounds with
every minute of unresolved degradation.

A decade of high-volume commercial events has
produced consistent evidence that legacy cloud-
native architectures buckle under peak load
conditions. Outages during major shopping events
have carried estimated economic impacts between
$1 million and $10 million within single incidents.
[6] What makes these events particularly difficult to
defend against is that they rarely announce
themselves as total failures. The platform stays
reachable. Requests arrive and get accepted. But
somewhere in the execution chain, tax calculation
latency accumulates until the checkout flow stalls
functionally without failing visibly, a condition
known as soft downtime that revenue reporting
captures long before monitoring dashboards do. [1]
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1.2 Technical Contributions

A high-availability cellular architecture built for
large-scale financial transaction systems targets this
category of fragility through four distinct
engineering contributions: [2]

DB-less Execution Path for Tax Computation:
Removing the relational database from the critical
transaction path eliminates the synchronous round-
trip dependency that historically made checkout
latency vulnerable to database conditions.
Synchronous database round-trip times during the
Place Your Order workflow are cut entirely,
reducing P99 latency by 40% and isolating the
execution path from regional database outages
before they reach checkout. Tax rules, rates, and
configuration tables arrive at compute nodes as pre-
computed immutable artifacts during a warm-up
phase, bypassing the runtime database query that
legacy architectures depend on for every
transaction. [7] Hydrated cells carry a complete
operational state that requires no external validation
to function, severing the dependency chain between

database availability and checkout execution
entirely.
Partitioning  global tax orchestration into

autonomous cells with independent state boundaries
converts what was previously a system-wide failure
condition into a bounded, predictable one. [11] A
fault contained within a single cell has nowhere to
travel because the shared database coupling that
enabled propagation no longer exists. A 20-cell
deployment configuration caps the traffic exposure
of any single cell failure at 5% of global volume, a
95% reduction against architectures where one
database incident brings down the entire checkout
pipeline. [2]

Monthly data updates reaching a fleet of over 1,000
servers no longer depend on manual coordination or
sequential human intervention. A state-machine-
driven orchestration layer built on serverless
workflows governs each update cycle end to end,
producing an auditable delivery record while
maintaining uninterrupted service availability
throughout the rollout. [14]

1.3 The Anatomy of the Legacy Monolith: A
Study in Infrastructure Fragility

Global tax engines built on centralized relational
database management systems store tax rules, rates,
and historical transaction data in a single
authoritative source that every checkout request
must reach synchronously. Each Place Your Order
event triggers a call to the tax engine, which
forwards that call to the database before it can
return a response. ACID compliance guarantees
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consistency under this model, but the architectural
cost is a single point of failure positioned directly in
the path of every transaction the platform
processes. [6] The database that enforces
consistency becomes the bottleneck that constrains
throughput and the wvulnerability that, when
stressed, takes the entire checkout flow down with
it.

1.4 The Database Latency Bottleneck

High-concurrency environments expose a structural
problem that horizontal scaling makes worse rather
than better. Horizontal scaling that adds service
instances to absorb demand simultaneously
multiplies the concurrent connection load on the
same database, driving connection counts toward
the CPU and IOPS ceiling that the underlying
hardware cannot exceed regardless of how many
instances sit above it. [7] Round-trip times climb as
the database struggles to serve a connection pool
that grows faster than its processing capacity, and
every millisecond added to the tax engine response
translates into conversion rate degradation at the
checkout layer. The commercial consequences of
this degradation are not theoretical. Minor
disruptions to commerce flow have been
documented to cause 65% of customers to abandon
their purchase cycle before completing an order. [4]

1.5 Cascading Failures and Blast Radii

Shared database dependencies convert isolated
infrastructure events into platform-wide failures. A
lock-wait timeout on a single table, or a regional
AWS outage touching the RDS instance serving
US-EAST-1, does not degrade one service. It
triggers a cascade across every service that depends
on that database, spreading the failure across all
availability zones simultaneously. [5] The blast
radius under this architecture is the entire system
because the coupling that makes consistency
possible also makes failure containment impossible.
When regulators assess tax calculation failures, the
distinction  between deliberate evasion and
infrastructure-induced error carries no weight in
determining penalty severity. The $12.5 million
sales tax ruling issued in February 2024 against a
major service provider put a concrete dollar figure
on what systemic calculation failures cost when
they reach regulatory scrutiny, and that figure
makes the capital required for architectural
investment appear modest against the liability it
eliminates. [9] Legacy systems dependent on
manual  processes and  fragile  database
infrastructure have no mechanism for keeping pace
with the velocity of global tax law changes, leaving
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organizations exposed to both the financial
consequences of incorrect calculations and the legal
liability that follows when those errors reach
auditors.

2. Related Work

Distributed systems have moved through successive
architectural generations, each attempting to
resolve the limitations the previous model exposed.
Monolithic architectures consolidated application
logic into single deployable units that scaled poorly
under load and failed globally when any component
broke. Microservices decomposed those monoliths
into independently deployable functional modules,
restoring team agility and deployment flexibility.
[4] What microservices did not resolve, and in
some configurations made worse, was the shared
stateful dependency problem. Services decomposed
by function frequently share the same underlying
database clusters, meaning that a saturated or
partitioned database degrades every service
drawing from it simultaneously. [6] Cell-based
architecture emerged from production experience
with this failure mode, grouping compute, storage,
and observability into isolated operational units that
contain failures within predictable boundaries
rather than allowing them to propagate across the
entire system. [2]

2.1 Microservices and Cell-Based Architectures

Microservice decomposition by functional domain
produces  service boundaries that reflect
organizational structure but not necessarily failure
isolation. Services that own their logic but share
their infrastructure inherit the failure characteristics
of that shared infrastructure regardless of how
cleanly their code boundaries are drawn.
predictable fraction of traffic routed to it, expressed
as 1/N where N represents the total cell count. [11]
Treating the cell as the fundamental deployment
unit rather than a functional slice of a shared system
changes what failure containment means in
practice. Each cell arrives fully equipped with its
own compute, caching, and state, drawing nothing
from the resources its neighboring cells depend on
to function. [1] That independence is not a
performance optimization. It is the mechanism that
makes the blast radius predictable. A fault that
develops inside one cell finds no shared pathway to
travel through, and the traffic it disrupts stays
bounded to exactly the slice assigned to that cell.

2.2 Resilience Engineering and Fault Isolation
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Production resilience engineering has historically
focused on identifying failure modes after
deployment rather than encoding fault isolation into
the architectural design before deployment. Chaos
Engineering practices, exemplified by the Simian
Army toolset and specifically Chaos Monkey,
validate resilience by deliberately terminating
service instances to confirm that the surrounding
system absorbs the loss without degrading. [15]
This approach surfaces vulnerabilities in existing
call graphs but does not prevent those
vulnerabilities from existing in the first place. The
cellular model takes a structurally different
position: fault isolation is not tested into the system
after it is built; it is designed into the system before
the first request is processed, through bulkhead
boundaries that make failure propagation
architecturally impossible rather than operationally
unlikely. [7] Site Reliability Engineering practices
contribute the governance layer to this model, using
error budgets and availability targets to enforce the
operational discipline that cellular isolation makes
technically achievable. [13]

2.3 Shuffle Sharding and Distributed Scaling

Black swan failure events, those that are
individually unlikely but carry disproportionate
impact when they occur, present a challenge that
standard cell partitioning addresses only partially.
Standard cell partitioning caps the blast radius at
one cell's share of traffic, but shuffle sharding
pushes isolation further by distributing each
customer across a virtual shard that touches
multiple cells rather than anchoring them to a single
one. [1] Two customers assigned to overlapping
shards become statistically improbable, which
means a failure striking one shard reaches a fraction
of the customer base so small it borders on
negligible. Deterministic routing at the ingress layer
keeps this model operationally viable by stripping
routing decisions down to their minimum,
removing the latency variance and attack surface
that elaborate routing logic introduces directly into
the execution path. [2]

2.4 Database Decoupling and State Injection

The compute-storage separation principle has
precedent in production database architectures,
where separating the query processing layer from
the storage layer enables independent scaling of
each. [3] Cloud orchestration platforms have
extended this principle further through database-
less execution modes that eliminate the runtime
database dependency entirely rather than simply
separating its layers. Compute and storage
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separation established the architectural vocabulary
that database-less execution models later extended
to its logical conclusion. [10] Rather than
optimizing the database query that every
transaction triggers, the cellular tax architecture
eliminates that query entirely by delivering pre-
computed immutable tax artifacts to each cell
before the first request arrives. State reaches the
cell through a push pipeline rather than being
pulled at runtime, severing the transactional
dependency that made legacy checkout latency
hostage to database conditions. Serverless
orchestration governs the delivery pipeline end to
end, guaranteeing that every cell in the fleet
operates from a verified, consistent state snapshot
with no runtime connection to the central system
that produced it [2].

3. Engineering the Cellular Shift: Principles of
Radical Isolation

Granular workload distribution sits at the core of
what separates cell-based architecture from the
microservice patterns it builds upon. Microservices
divide an application by function, creating
specialized modules that still converge on shared
infrastructure. CBA takes a different cut entirely,
dividing the workload rather than the logic, so each
cell owns a bounded slice of traffic and processes it
without touching the resources its neighboring cells
depend on [7]. Every cell operates as a complete,
miniature version of the global service, carrying its
own compute capacity, caching infrastructure, and
state management without borrowing any of those
resources from neighboring cells. [8]

3.1 Core Characteristics of the Cell

Isolation and independence define the cellular
model at its foundation. No cell shares an internal
state with another, which means points of failure
stay local, and the conditions that produce them
cannot travel across cell boundaries into the broader
ecosystem. [7] Scaling under this model works
differently than traditional horizontal scaling.
Individual cells do not grow when demand
increases. Instead, new cells are added to the fleet,
each with a fixed, well-tested capacity that has been
validated before it receives production traffic. [8]
At the ingress point, a cell router with deliberately
minimal logic intercepts each incoming request and
resolves its destination through a deterministic
partition key, typically a customer identifier or
geographic region code, before forwarding it to the
assigned cell without applying any business rules or
cross-cell coordination. [7] The most consequential
characteristic of the architecture is the removal of
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the database from the execution path entirely. Each
cell receives its state, covering tax rules, rates, and
configurations, as pre-computed immutable
artifacts injected during a warm-up phase rather
than fetched through runtime queries against a
central database. [11]

3.2 Mathematical Foundation of Blast Radius
Reduction

A fleet of N identical isolated cells, where one cell
experiences total failure, exposes only 1/N of
global traffic to that failure.

1
Br = ? x 100%
4
A 20-cell configuration caps single-cell failure
impact at 5% of total traffic, leaving 95% of the
global checkout pipeline processing transactions
without interruption. [8] The bulkhead pattern that
produces this outcome operates on the same
principle as compartmentalized ship hull design. A
breach in one compartment does not sink the vessel
because the remaining compartments retain their
structural integrity independently of the one that
failed. [13]

4. The Data Decoupling Layer: Removing the
Database from Execution

Reaching 99.999% availability requires more than
distributing traffic across isolated cells. The
execution logic inside each cell must be insulated
from the volatility of external database services,
which means separating compute and storage at the
architectural level rather than treating database
connectivity as an operational concern to be
managed at runtime. [3] The Data Decoupling
Layer accomplishes this by severing the runtime
dependency entirely, replacing the query-response
cycle that legacy architectures depend on with a
state delivery model that positions the required data
inside the cell before any transaction arrives.

4.1 Artifact Storage and Distribution

A central management service pre-calculates tax
tables in response to global compliance updates and
packages the resulting data as immutable JSON or
binary artifacts rather than leaving it to be fetched
on demand. [3] The push model this creates inverts
the relationship between the cell and the database.
Instead of the cell reaching out to the database each
time it needs state, the orchestration layer delivers
verified state to the cell proactively. Artifacts are
stored in a highly durable, decoupled persistence
layer built on cloud object storage, providing the
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durability — guarantees  that  mission-critical
compliance data demands. [9] Orchestration
workflows govern the distribution of these artifacts
across the fleet, with each cell pulling the latest
verified artifact during its warm-up phase so that
every node in the cell enters production operating
from an identical, consistent version of the tax
logic. [14]

4.2 High-Performance Cache Architecture

Inside each cell, compute nodes operate a dual-tier
cache architecture that keeps tax calculation latency
at sub-millisecond levels regardless of the
complexity of the ruleset being applied. [4]

The first tier loads critical tax rules and frequently
accessed rate tables entirely into the application
memory space, eliminating any storage access
latency for the calculations that occur most often.
The second tier stores large-scale tax tables and
historical artifacts on instance-level NVMe storage,
where physical proximity to the host processor
enables high 10PS and near-line-rate data
movement for cache misses that the in-memory tier
cannot serve directly. [10]

On startup, each node performs local state
hydration, retrieving the required artifacts from
object storage and distributing them across NVMe
and memory before the node accepts any
production traffic.

Once hydration completes, the compute instance
carries everything it needs to process tax
calculations for its assigned jurisdiction through the
full transaction lifecycle without establishing any
connection to the central database. [3]

4.3 Storage-Compute Decoupling in Practice

Diskless architectures take the compute-storage
separation principle to its operational conclusion by
removing local disks from servers entirely,
eliminating the hardware failure modes and data
reconstruction delays that disk-based deployments
introduce. [15]

Compute nodes in such configurations retain only
CPU and memory, mounting state from a high-
performance remote storage pool through protocols
capable of near-line-rate data movement.

The operational benefit this produces is recovery
speed.

When a compute node fails, a replacement node can
be provisioned and hydrated with the current tax
state in seconds rather than hours, because the state
it needs was never stored locally on the failed
hardware in the first place. [15]
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5. Quantitative Evaluation and Comparative
Analysis

Controlled simulation under production-equivalent
conditions provided the basis for comparing the two
architectures without exposing live traffic to
experimental configurations. Both the legacy
database-driven architecture and the cellular
architecture ran on cloud infrastructure distributed
across three Availability Zones, with each
environment receiving identical compute resources
across two 50-node fleets. Keeping resource
allocation consistent meant that performance gaps
between the two architectures could not be
attributed to hardware advantages on either side.
The legacy environment coupled compute-
optimized instances to a provisioned relational
database that carried full responsibility for state
management. The cellular environment used
régd.xlarge instances, selected specifically for their
local NVMe-based SSDs, which support the state
hydration pattern the architecture depends on. [4]
Synthetic transaction load ran continuously for 24
hours at 10,000 transactions per second, a duration
chosen to surface steady-state behavior rather than
the peak-only performance that shorter test
windows tend to capture. Jurisdiction-specific
artifacts averaging 18 MB each in compressed
JSON format served 50 jurisdictions, bringing
cumulative global state to 900 MB across the fleet.
A 170 GB NVMe cache allocation per Tier 2 node
kept data access performance stable across the full
test window without triggering eviction cycles that
would have introduced measurement noise into the
latency results.

5.1 Latency and Throughput Performance

Database round-trips accumulated inside the legacy
architecture with every transaction, each one adding
latency to a path that the tax engine could not
shorten without removing the database dependency
entirely. [3] The cellular architecture removes that
dependency at the design level rather than
managing it at the operational level, so tax
calculations are completed against in-memory state
with no database contact required at any point in
the transaction lifecycle. Table 1 captures the
performance gap this structural difference produces
across the four benchmarks measured during the
evaluation.

5.2 Resilience and Recovery Metrics

Normal operating performance tells only part of the
story for infrastructure that financial transactions
depend on. The conditions that matter most are
failure conditions, specifically how much of the
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platform degrades, how quickly it recovers, and
whether transaction consistency survives the event.
The cellular architecture's dependence on injected
state rather than a shared database means that a
failure in one cell has no mechanism for reaching
the others, and recovery requires only the time
needed to hydrate a replacement cell rather than
restore a database. [1] Table 2 documents the
resilience and recovery measurements across the
four dimensions that separate the two architectures
when failures occur.

6. Case Study: Technical Orchestration of the
Brazil Dual VAT Transition

Constitutional Amendment 132/2023 triggered a
tax overhaul that gave global retail platforms
operating in Brazil no clean cutover date to plan
around. Instead, the Reforma Tributaria created a
seven-year window stretching from 2026 to 2033
where PIS, COFINS, IPI, ICMS, and ISS continue
generating valid tax obligations alongside the two
incoming instruments, CBS covering federal
contributions on goods and services and IBS
covering state and municipal equivalents. [5]
Running both regimes simultaneously is not an
edge case to be handled by a configuration flag. It
is the default operating condition for the entire
transition period, and every order touching
Brazilian jurisdictions must produce valid results
under whichever regime governs that transaction.
Two additional reform requirements push the
technical scope beyond dual calculation. A
mandatory split payment mechanism separates tax
portions from each transaction at the point of sale
and routes them to the appropriate government
authority  automatically, which means the
withholding logic must complete inside the
checkout latency budget rather than running as a
background reconciliation job. [9] The CNPJ
identifier format change from purely numeric to
alphanumeric touches every database schema and
APl contract that handles Brazilian entity
identification, and legacy systems absorb that kind
of schema change through migration windows that
bring downtime risk into an operation the business
cannot afford to interrupt. [9]

6.1 Multi-Regime Coexistence and Deterministic
Execution

Branching between legacy and dual VAT logic
through runtime database flag lookups pulls the
database back into the critical path at exactly the
point the cellular architecture was built to exclude it
from. Each autonomous cell carries versioned logic
modules that make that lookup unnecessary. A
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Parallel Logic Controller reads Transition Keys
embedded directly inside the injected state artifact
and resolves the applicable regime without reaching
outside the cell boundary to do it. [11] The
calculation path stays deterministic regardless of
how many overlapping regimes the transition
period introduces, because the artifact that
determines which logic applies travels with the cell
rather than residing in a database the cell must

query.

6.2 The Artifact Generation and Distribution
Pipeline

The Regulatory Compilation Service sits at the
origin of every tax artifact the fleet depends on,
assembling the current month's complete ruleset
into an immutable package averaging 18 MB per
jurisdiction before any cell receives it. [3] Artifacts
do not enter the distribution pipeline on the strength
of a timestamp alone. Each one clears more than
5,000 regression checks that verify calculation
outputs across the phased transition rates, with
particular attention to overpayment conditions that
would expose the platform to compliance liability.
Only artifacts that pass this validation battery
become eligible for distribution, at which point they
enter the pipeline as a verified state that cells can
consume without performing redundant checks at
runtime.

6.3 Orchestrated Deployment and Shadow
Validation

Monthly Data Update rollouts across a fleet
exceeding 1,000 nodes follow a structured sequence
that automated workflows govern end to end,
removing the human coordination overhead that
made legacy update cycles a recurring operational
risk. [14] Each rollout opens with a canary cell
absorbing 5% of live traffic under the new artifact.
When that cell's performance stays within bounds,
the orchestrator extends the rollout progressively
until global deployment completes in under 12
minutes. Shadow Mode runs the new Dual VAT
logic, including pilot rates of 0.9% CBS and 0.1%
IBS, against live transactions in parallel with legacy
regime outputs during the test phase, generating a
comparison that surfaces calculation divergence
before the new logic takes sole responsibility for
production results. Gray failure detection watches
for the subtler degradation signatures and increased
latency without complete failure, and when those
signatures appear, the state machine pushes the
affected cell back to its last verified artifact in
under 30 seconds. [15]



Abdul Basit Iqbal / IJCESEN 12-2(2026)201-210

6.4 AWS Step Functions as a Strategic Enabler

AWS Step Functions carry the orchestration
responsibility for MDU delivery and service release
sequencing across the full server fleet, operating as
a zero-touch workflow that proceeds without
manual intervention under normal conditions. [21]
Three operational stages structure every update
cycle. Validation runs each incoming tax table
update through automated testing that must confirm
100% calculation precision before deployment
authorization is granted. Phased deployment
advances the artifact through the fleet one cell at a
time, with the state machine holding authority to
roll back any cell that exhibits gray failure before
the  condition spreads. [10]  Auditability
accumulates a complete change record across every
artifact version delivered to every cell, giving
internal governance and external regulatory
auditors a traceable history that the Brazilian
transition framework requires. [22] Manual labor
per update cycle dropped by 85% under this model,
replacing a high-stakes manual process with a
background operation that runs on schedule without
consuming engineering attention. [22]

6.5Fleet Orchestration and Mission Control
Patterns

Steering hundreds of globally distributed compute
clusters toward a shared operational outcome
requires a control plane with enough visibility to
act on fleet-wide conditions and enough precision
to target individual cells without disrupting the ones
operating normally. [26] A decision engine
modeled on research frameworks like Braid
coordinates concurrent flows across the fleet, with

the control plane drawing CPU utilization, request
latency, and tax calculation error rates from each
cell through a REST API that keeps the operational
picture current. [26] Policy changes that must
propagate across the entire fleet, such as a Brazilian
tax rate adjustment taking effect mid-month, move
through three execution layers. A mission captures
the high-level deployment objective. [27] A
coordination layer sequences the rollout so that
cells accept updates in staggered waves rather than
simultaneously, keeping global availability intact
throughout the process. [27] An execution layer
dispatches commands directly to cell routers and
compute nodes as each wave advances. [26]

6.6 Error Handling and Self-Healing

Exponential backoff and circuit breaker patterns
give the state machine a graduated response to
failure conditions that fall short of requiring a full
rollback. [14] When a cell router identifies an
unhealthy cell, it trips the circuit for that specific
cell and redirects its assigned traffic to a redundant
cell instantly, while the control plane begins
remediation procedures in parallel without waiting
for the redirect to stabilize first. [28] The DB-less
nature of the architecture is what makes cell
recovery a seconds-long operation rather than an
hours-long one. Remediation skips the database
restoration cycle entirely. The failed cell gets
wiped, and the artifact pipeline delivers the current
tax state directly into the replacement instance,
restoring full operational capacity in seconds rather
than the hours a conventional database recovery
would consume before the cell could accept traffic
again. [15]

Table 1: Latency and Throughput Benchmarks: Legacy RDBMS vs. Cellular DB-less Architecture

Performance Metric Legacy RDBMS Cellular DB-less Improvement
Architecture Architecture P
P99 Latency 485 ms 32 ms 93.4% Reduction
Peak Throughput 4,500 TPS 25,000+ TPS 5.5x Increase
(TPS)
DB Queries per Tx 4.2 (Avg) 0 100% Reduction
Context Load Time 120 ms <1 ms (In-memory) 99.2% Reduction
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Figure 1: High-Level Cellular Architecture and State Distribution

Table 2: Resilience and Recovery Benchmarks: Legacy RDBMS vs. Cellular DB-less Architecture

- . Legacy RDBMS Cellular DB-less -
Resilience Metric Architecture Architecture Significance
0 ~ 0h* (~
System Availability 99.91% (~7.8h 99.999% (~5.2m Potential HA

downtime/yr)

downtime/yr)

Failure Blast Radius

Impact)

. 145 min (RDBMS 22 sec (Cell 395x Faster
Recovery Time (RTO) Restore) Hydration) recovery
100% (Global 95% Risk

5% (Isolated Cell) containment

Tx Consistency (Failure)

Potential Data
Corruption

Atomic state
injection

100% (Last Known
Good)

*Simulated potential availability
based on observed recovery
metrics. 13

7. Conclusion and Future Directions

Traditional database-driven architectures for global
tax calculation introduce systemic infrastructure
fragility that centralized relational databases
compound through cascading failures and excessive
latency in mission-critical checkout pipelines. The
dependency on centralized relational databases was
identified as a primary cause of cascading failures
and excessive latency in mission-critical checkout
pipelines. A high-availability cellular architecture
characterized by a DB-less execution path and
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immutable state injection addresses these structural
vulnerabilities  directly. ~ The  architectural
contributions  presented, including autonomous
cells, deterministic routing, and state-machine-
driven orchestration, demonstrated substantial
operational benefits. Simulation results indicated
that the system possesses the potential to achieve
five-nines global availability and a substantial
reduction in failure blast radius. Local state
hydration drives measurable end-to-end latency
reductions that accelerate the conversion-critical
order finalization process directly, removing the
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synchronous database dependency that historically
constrained checkout throughput. Cellular model
adoption expands the operational surface area and
demands a level of automation maturity that
organizations must build deliberately rather than
assume from existing infrastructure. The push
model of state injection delivers local autonomy at
the cost of abandoning strict ACID consistency in
favor of artifact-driven eventual consistency, a
trade-off that architectural decision-makers must
evaluate against their specific correctness
requirements. Al-assisted segmentation technigques
and dynamic cell partitioning driven by real-time
traffic profiles represent productive directions for
extending the principles established here. The
development of self-healing data pipelines that
automatically reconcile state discrepancies between
central systems of record and local cell artifacts
addresses one of the more operationally demanding
aspects of sustained cellular deployment. Global
commerce will continue generating increasingly
complex real-time regulatory obligations, and
radical isolation combined with state decoupling
positions engineering teams to meet those
obligations without introducing the systemic
fragility that database-coupled architectures
historically produced.

Author Statements:

e Ethical approval: The conducted research is
not related to either human or animal use.

e Conflict of interest: The authors declare that
they have no known competing financial
interests or personal relationships that could
have appeared to influence the work reported in
this paper

e Acknowledgement: The authors declare that
they have nobody or no-company to
acknowledge.

e Author contributions: The authors declare that
they have equal right on this paper.

¢ Funding information: The authors declare that
there is no funding to be acknowledged.

e Data availability statement: The data that
support the findings of this study are available
on request from the corresponding author. The
data are not publicly available due to privacy or
ethical restrictions.

e Use of Al Tools: The author(s) declare that no
generative Al or Al-assisted technologies were
used in the writing process of this manuscript.

References

[1] Michael J. Anderson et al., "Cloud Resilience
Strategies for Financial and Banking Systems,"

209

ResearchGate, Sep. 2024.

https://www.researchgate.net/publication/40008607

4 Cloud_Resilience_Strategies_for_Financial_and

Banking_Systems

Purushotham Jinka, "The Role of Cloud

Technologies in Modernizing Financial Data

Infrastructure,” Eur. J. Comput. Sci. Inf. Technol.

(EJCSIT), Jun. 7, 2025.

https://eajournals.org/ejcsit/vol13-issue36-

2025/the-role-of-cloud-technologies-in-
modernizing-financial-data-infrastructure/

[4] Ruthvik Uppaluri, "Cloud-Driven Modernization of
Financial Systems,” World J. Adv. Res. Rep.
(WJARR), Apr. 2,
2025.https://wjarr.com/sites/default/files/fulltext p
df/WJARR-2025-1030.pdf

[5] Christopher P. Buttigieg and B. B. Zimmermann,
"The Digital Operational Resilience Act:
Challenges and Some Reflections on the Adequacy

(3]

of  Europe's  Architecture  for  Financial
Supervision,” ERA Forum, Springer Nature, vol.
25, pp. 11-28, Jun. 2024,
https://link.springer.com/article/10.1007/s12027-
024-00793-w

[6] Premjit Paul Ger, "Designing Cloud-Native

Architectures for Financial System Resilience,"
World J. Adv. Eng. Technol. Sci. (WJAETS), Jun. 9,
2025. https://wjaets.com/content/designing-cloud-
native-architectures-financial-system-resilience

[7] Harcharan Jassal, "Building Resilient Financial
Systems: Engineering Practices for the Digital
Banking Era,” J. Comput. Sci. Technol. Stud.
(JCSTS), Aug. 13, 2025. https://al-
kindipublishers.org/index.php/jcsts/article/view/10
643/9391

[8] Jamelia M. Anderson-Princen, "Cloud Outsourcing in
the Financial Sector: An Assessment of Internal
Governance Strategies on a Cloud Transaction
Between a Bank and a Leading Cloud Service
Provider,” Eur. Bus. Org. Law Rev., Springer
Nature, vol. 23, pp. 905-936, Jun. 20, 2022.
https://link.springer.com/article/10.1007/s40804-
022-00252-4

[9] Ehab Juma Adwana and B. A. Alsaeed, "Cloud
Computing Adoption in the Financial Banking
Sector: A Systematic Literature Review (2011-
2021)," Int. J. Adv. Sci. Comput. Eng., vol. 4, no. 1,

pp. 48-55, Mar. 10,
2022 .https://ijasce.org/index.php/IJASCE/article/vi
ew/73/108

[10] Giuseppe DeCandia et al., "Dynamo: Amazon's
Highly Available Key-Value Store," ACM SIGOPS
Oper. Syst. Rev., vol. 41, no. 6, pp. 205-220, Oct.
14, 2007.
https://dl.acm.org/doi/10.1145/1323293.1294281
[11] Marc Brooker, T. Chen, and F. Ping, "Millions of
Tiny Databases,” in Proc. 17th USENIX Symp.
Networked Systems Design Implementation (NSDI
'20), pp. 463-478, Feb. 25-27, 2020.
https://www.usenix.org/system/files/nsdi20-paper-
brooker.pdf
[12 ] Alexandre Verbitski et al., "Amazon Aurora: On
Avoiding  Distributed  Consensus  for  1/Os,



https://www.researchgate.net/publication/400086074_Cloud_Resilience_Strategies_for_Financial_and_Banking_Systems
https://www.researchgate.net/publication/400086074_Cloud_Resilience_Strategies_for_Financial_and_Banking_Systems
https://www.researchgate.net/publication/400086074_Cloud_Resilience_Strategies_for_Financial_and_Banking_Systems
https://eajournals.org/ejcsit/vol13-issue36-2025/the-role-of-cloud-technologies-in-modernizing-financial-data-infrastructure/
https://eajournals.org/ejcsit/vol13-issue36-2025/the-role-of-cloud-technologies-in-modernizing-financial-data-infrastructure/
https://eajournals.org/ejcsit/vol13-issue36-2025/the-role-of-cloud-technologies-in-modernizing-financial-data-infrastructure/
https://wjarr.com/sites/default/files/fulltext_pdf/WJARR-2025-1030.pdf
https://wjarr.com/sites/default/files/fulltext_pdf/WJARR-2025-1030.pdf
https://link.springer.com/article/10.1007/s12027-024-00793-w
https://link.springer.com/article/10.1007/s12027-024-00793-w
https://wjaets.com/content/designing-cloud-native-architectures-financial-system-resilience
https://wjaets.com/content/designing-cloud-native-architectures-financial-system-resilience
https://al-kindipublishers.org/index.php/jcsts/article/view/10643/9391
https://al-kindipublishers.org/index.php/jcsts/article/view/10643/9391
https://al-kindipublishers.org/index.php/jcsts/article/view/10643/9391
https://link.springer.com/article/10.1007/s40804-022-00252-4
https://link.springer.com/article/10.1007/s40804-022-00252-4
https://ijasce.org/index.php/IJASCE/article/view/73/108
https://ijasce.org/index.php/IJASCE/article/view/73/108
https://dl.acm.org/doi/10.1145/1323293.1294281
https://www.usenix.org/system/files/nsdi20-paper-brooker.pdf
https://www.usenix.org/system/files/nsdi20-paper-brooker.pdf

Abdul Basit Iqbal / IJCESEN 12-2(2026)201-210

Commits, and Membership Changes," in Proc.
2018 Int. Conf. Management Data (SIGMOD '18),

pp. 789-796, May 217,
2018.https://dl.acm.org/doi/10.1145/3183713.3196
937

[13] Niall Richard Murphy, B. Beyer, C. Jones, and J.
Petoff, Site Reliability Engineering: How Google
Runs Production Systems, O'Reilly Media, 2016.
https://www.oreilly.com/library/view/site-
reliability-engineering/9781491929117/

[14] Zeljko Seremet et al., "Cell-based architecture: a
scalable fault-isolated model for distributed
systems,” in DAAAM Int. Scientific Book 2025, pp.
103-120, DAAAM International Vienna, Nov.
2025.
https://www.researchgate.net/publication/40005025
7_Cell-based architecture a scalable fault-
isolated model for distributed systems

[15] Ali Basiri et al., "Chaos Engineering," IEEE Softw.,
vol. 33, no. 3, pp. 35-41, Mar. 18, 2016.
https://ieeexplore.ieee.org/document/7436642

[16] Colm MacCarthaigh, "Workload isolation using
shuffle-sharding,” Amazon Web Services, 2019.
https://d1.awsstatic.com/builderslibrary/pdfs/workl
oad-isolation-using-shuffle-
sharding.pdf?did=ba_card-body&trk=ba card-body

[17] Tingting Xu et al., "CyberStar: Simple, Elastic and
Cost-Effective Network Functions Management in
Cloud Network at Scale," in Proc. 2024 USENIX
Annu. Tech. Conf. (ATC '24), Article no. 14, pp.

227-246, Jul. 10,
2024.https://dl.acm.org/doi/10.5555/3691992.3692
006

210


https://dl.acm.org/doi/10.1145/3183713.3196937
https://dl.acm.org/doi/10.1145/3183713.3196937
https://www.oreilly.com/library/view/site-reliability-engineering/9781491929117/
https://www.oreilly.com/library/view/site-reliability-engineering/9781491929117/
https://www.researchgate.net/publication/400050257_Cell-based_architecture_a_scalable_fault-isolated_model_for_distributed_systems
https://www.researchgate.net/publication/400050257_Cell-based_architecture_a_scalable_fault-isolated_model_for_distributed_systems
https://www.researchgate.net/publication/400050257_Cell-based_architecture_a_scalable_fault-isolated_model_for_distributed_systems
https://ieeexplore.ieee.org/document/7436642
https://d1.awsstatic.com/builderslibrary/pdfs/workload-isolation-using-shuffle-sharding.pdf?did=ba_card-body&trk=ba_card-body
https://d1.awsstatic.com/builderslibrary/pdfs/workload-isolation-using-shuffle-sharding.pdf?did=ba_card-body&trk=ba_card-body
https://d1.awsstatic.com/builderslibrary/pdfs/workload-isolation-using-shuffle-sharding.pdf?did=ba_card-body&trk=ba_card-body
https://dl.acm.org/doi/10.5555/3691992.3692006
https://dl.acm.org/doi/10.5555/3691992.3692006

