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Executive Summary

This brief examines payment gateway infrastructure at transaction scale, covering the architectural
constraints of multi-component state management, the specific failure modes that emerge as volume grows,
and how consolidating gateway state into a single ACID system of record addresses them. The focus is on
authorization success rate, reconciliation reliability, and the operational cost of routing rule deployment.

Who should read this:

Systems engineers, solutions architects, and technology leaders at payment processors, FinTechs, and
banks building or operating payment gateway infrastructure. Engineering leads evaluating routing
optimization, acquirer management, and settlement architecture will find the most directly applicable
material. Product and finance leaders responsible for authorization rate improvement programs and
reconciliation cost reduction are addressed in the business value section.

Related topics addressed in context:

Fraud detection, AML screening, and sanctions compliance are discussed as components of the gateway's

processing budget. The irrevocability requirements of real-time rails (FedNow, SEPA Instant) and their effect
on gateway architecture are addressed where relevant. Dedicated briefs on fraud decisioning and real-time
rail infrastructure are referenced at the end of this document.

What a Payment Gateway is Actually Doing at Scale

Behind every transaction between a merchant and a customer, a payment gateway is orchestrating a
sequence of decisions that the customer never sees and that the merchant rarely thinks about. Which
acquiring bank to route to, based on BIN range, currency, fee schedule, and the bank's current authorization
performance. Which retry path to take if the first attempt is declined. How to maintain idempotency across
acquirer timeouts so that a network hiccup does not produce a duplicate charge. When and how to capture.
How to reconcile the resulting records with settlement systems that run on their own timing, across card
networks, real-time rails, alternative payment methods, and jurisdictional regulatory regimes that each
operate differently.

This infrastructure is what makes sub-second payments possible at global scale. It has evolved over
decades to absorb enormous complexity on behalf of the businesses that depend on it.

Every one of those decisions depends on having the correct, current state of every prior step. At low
volume, approximate consistency across components is tolerable. As transaction volume grows to billions
of events per day, the gaps between components become a reliability and revenue problem. Duplicate
authorizations appear when idempotency checks operate on stale state. Orphaned transactions accumulate
when a timeout creates a state divergence between the gateway’s record and the acquiring bank's.
Authorization success rates deteriorate when routing decisions are made on health metrics that do not
reflect what is happening right now.



The engineering team’s operating burden grows in proportion to these gaps. Reconciliation jobs, compensating
workflows, and incident postmortems consume capacity that would otherwise go into product development.
At large gateway operators, the teams dedicated to reconciliation and exception handling can represent 20-
30% of total payments engineering headcount.

The Multi-component Stack Problem

The conventional gateway architecture distributes state across multiple systems: a primary state store, a
cache layer for low-latency reads, an event bus for async fan-out, and a record-of-truth database for post-
hoc reconciliation. Each component is individually reasonable. The consistency boundary, though, is split
across all of them, and the boundary is where the production bugs live.

The cache reflects a state that is slightly behind the state store. The state store reflects a state that is
slightly behind the most recent authorization response that already left for the acquiring bank. When those
discrepancies compound under load, the downstream effects are specific: duplicate charges on retry flows,
missed retries when state updates are delayed, and auth-to-clear reconciliation failures at volume because
no single component holds canonical state at any given moment.

Acquiring bank routing is particularly sensitive to this. A routing algorithm that selects acquiring banks
based on live decline rates and settlement speed can only improve authorization rates if the data it reads
reflects what is actually happening. Routing on a cached metric that is several minutes old means routing on
a situation that may no longer exist. A corridor that looked healthy at the time of the last cache update may
have developed a network issue in the interval, and the gateway routes into it regardless.

Routing rule changes present a related operational problem. Deploying a new acquiring bank relationship,
renegotiating fees, or applying a regulatory override to a routing rule typically requires a maintenance
window because partial deployment produces inconsistent behavior. Some transactions see the old rule,
others see the new one, and the outcome depends on which database replica or cache shard handled
the request. The engineering constraint that makes maintenance windows necessary is the same multi-
component state distribution that creates reconciliation failures.

The latency budget for the gateway's own processing is typically under 100ms. Distributed consistency
checks across multiple systems cost time that this budget does not accommodate.

How Volt Addresses It

Volt holds the entire gateway state in a single ACID system: the idempotency key store, token state, routing
rules, acquirer health metrics, the transaction state machine across every step from received to settled, retry
queues, and the partner balance ledger. Every state transition is a transactional write with sub-10ms latency.

The routing decision is a stored procedure that reads acquirer health, BIN routing rules, currency and fee
schedule, and partner balance in one round trip. The same logic that would otherwise require five network
hops to five separate systems executes inside the database against in-memory state. The selected acquiring
bank reflects actual current conditions, not a snapshot from several minutes ago.

Idempotency works correctly because the check and the state write are part of the same transaction. A checkout
event that arrives twice cannot produce two authorizations; the second execution reads the already-

committed idempotency record and returns the original response. This eliminates the class of duplicate-charge
bugs that occur when idempotency is implemented at the application layer against eventually consistent storage.

Routing rule changes deploy atomically under live load. Adding a hew acquiring bank relationship or applying
a fee renegotiation is a transactional update. The moment it commits, every subsequent transaction uses the
new rule. No transaction sees a mixed state. No maintenance window is required. At a Tier-1 bank, this same
pattern for fraud rule deployment has been in production with 2,000+ rules operating this way; the same
architectural property applies to gateway routing.



Settlement state tracks continuously. Capture events, refunds, and chargebacks all update the same
canonical record in Volt. The auth-to-clear reconciliation breaks that accumulate at volume when multiple
components hold partial views of the same transaction do not occur, because there is only one record.

Kafka or Pulsar remains in place for async fan-out to analytics systems and downstream consumers.
Volt becomes the sink of truth without displacing the existing event bus infrastructure.
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The merchant POST arrives at the gateway edge API. Volt handles the idempotency check in under 2ms.
Token state lookup runs in Volt, with cryptographic operations delegated to the HSM. The routing stored
procedure reads acquirer health, BIN rules, partner balance, and fee schedule and returns the selected
acquiring bank in a single round trip. The outbound authorization call to the acquiring bank goes out with
the transaction state already durably written to Volt before the wire call leaves. The acquiring bank response
updates the state transition atomically. The retry state machine, including scheduled wake-ups for pending
retries, runs in Volt. Capture, refund, and chargeback events update the same canonical record through the
settlement lifecycle. Kafka carries the event stream to the data lake for analytics; Volt remains the system of
record and does not serve OLAP queries.

Observability integrates through standard Prometheus and Grafana endpoints that Volt exposes natively.



Outcomes

1to 3 percentage point improvement in authorization success rate from routing on live acquirer state.
Authorization rate improvements of this magnitude are material: every 0.1 percentage point on a $10
billion per year GMV gateway recovers approximately $10 million in revenue. The improvement comes
from routing decisions that reflect what acquiring banks are actually doing now, not what they were doing
several minutes ago.

P99 gateway-side latency under 100ms, consistently achievable. The single-system architecture removes
the coordination overhead that multi-component stacks accumulate under load.

70% or greater reduction in reconciliation breaks, based on the Barclays precedent from a comparable
orchestration consolidation. When one system holds canonical state across the full transaction lifecycle, the
discrepancies between components that produce reconciliation failures do not arise.

Acquiring bank deployment time from weeks to hours. New acquiring bank and PSP relationships deploy
through the same hot-swap mechanism that governs every other rule change. Engineering time previously
spent on deployment windows and staged rollouts redirects to building new functionality.

Multi-component stack simplified to Volt plus event bus. The headcount and SRE burden associated with
operating, monitoring, and debugging a four-system state plane reduces materially.

Business Value

Payment gateway infrastructure is revenue infrastructure. The architectural decisions made about state
management and routing directly determine the revenue the gateway generates, the cost of operating it, and
the regulatory exposure it carries.

Authorization rate as a revenue metric.

Every 0.1 percentage point improvement in authorization success rate has a quantifiable revenue value that
depends on GMV. At $10 billion per year, that is $10 million. At $50 billion, it is $50 million. Authorization
rates deteriorate as a direct consequence of routing on stale acquirer health data. Institutions that have
moved to live-state routing consistently report improvements in the 1to 3 percentage point range, with the
largest gains on corridors where acquirer health is volatile. For large gateway operators, closing this gap is
among the highest-return infrastructure investments available.

Reconciliation cost as an operating expense.

Reconciliation failures are not a compliance problem in isolation. They are an operating expense. Exception
handling, duplicate charge resolution, chargeback investigation, and the engineering time dedicated to
reconciliation tooling all carry direct costs. At large gateway operators, this work represents 20-30% of
payments engineering capacity. The 70% reconciliation break reduction achieved through single-system
state management is therefore also a significant headcount efficiency gain.

Acquiring bank relationship economics.

The ability to deploy new acquiring bank routing in hours rather than weeks changes the economics of
acquiring bank relationships. PSP fee renegotiations, corridor-specific routing optimizations, and competitive
routing strategies all depend on the ability to make routing changes faster than the market moves.
Institutions constrained to weekly deployment cycles cannot execute time-sensitive routing decisions at the
speed that acquiring bank economics require.



Regulatory and fraud cost within the processing budget.

Gateway infrastructure operates under increasing regulatory scrutiny as real-time rails become the dominant
payment method in many markets. Fraud controls, AML screening, and sanctions checks must complete
within the gateway's processing budget. Architectures that cannot accommodate these checks at sub-
100ms are increasingly exposed as regulators require stronger real-time controls. The single-execution-path
architecture that resolves the reconciliation and routing problems also creates the headroom required to run
compliant fraud and AML controls without exceeding the processing window.

Agentic Al

Routing optimization is the most immediate agentic Al application in the gateway stack. An agent that continuously
rebalances acquirer routing based on live decline rates, settlement speed, FX cost, and risk signals can improve
gateway economics by 30 to 80 basis points on net, which on any substantial GMV is a significant number.

The constraint is the quality of the data the agent reads. An agent that moves a corridor to a different
acquiring bank based on a 5-minute-old decline rate that has since deteriorated will route material volume
into a failing pipe before a human notices. The economics of autonomous routing optimization only work
when the agent reads authoritative current state, not an approximation.

Volt's sub-10ms read latency and consistency guarantee is what makes autonomous routing agents viable

in production rather than in controlled environments. The agent reads current acquirer health from Volt via

MCP tools during its reasoning cycle. When it writes a routing rule change, the change commits atomically.
The full interaction chain, what the agent queried, what Volt returned, what rule it deployed, is recorded for
audit and for agent fine-tuning.

Related Reading

Real-Time Fraud Prevention Covers fraud rule execution, velocity counter architecture, device
fingerprinting, and ML model integration in detail. The fraud controls that run within the gateway's
processing budget are examined in the context of a dedicated fraud decisioning layer. Available from
voltactivedata.com/bfsi.

Real-Time Rails: FedNow, SEPA Instant, RTP, Pix, UPI Covers irrevocable payment processing, AML and
sanctions screening within the rail processing window, pre-funded liquidity management, and the regulatory
evidentiary requirements created by APP-fraud reimbursement mandates. Gateway operators adding real-
time rail connectivity will find this brief directly relevant. Available from voltactivedata.com/bfsi.

Talk To Us

We work with gateway engineering teams on the specific architectural
questions around state migration, Kafka integration, and routing rule

deployment. Reference implementations and migration paths are available
for the most common starting architectures.
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