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ABSTRACT. Payment operators processing transactions across sov-

ereign tax jurisdictions encounter a compliance architecture prob-

lem that neither ERP-em- bedded tax logic nor full vendor outsourc-

ing adequately resolves. Indirect tax regimes spanning Value-Added

Tax, Goods and Services Tax, and jurisdiction-specific levies impose

heterogeneous determination rules, mandated invoice schemas, and

period-bound statutory reporting obligations that differ materially

across markets such as Brazil, Mexico, and India. This paper presents

the design rationale, architecture, and production outcomes of the

Strategic Tax, Invoicing and Compliance (STIC) Platform: a multi-

tenant, event-driven system for real-time indirect tax determination,

vendor-agnostic merchant invoice generation, and automated statu-

tory compliance reporting in high-volume payment environments.

The platform delegates tax rule maintenance to a commercial rules

engine via standardised API, enforces vendor-agnostic normalisa-

tion at every external interface, and manages multi-jurisdictional
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statutory submissions through a config-driven remediation pipeline.
A shard-enabled data model provides tenant isolation, horizontal
scalability, and full financial auditability. Twelve months of produc-
tion measurement across Brazil, Mexico, and India demonstrate ap-
proximately 70% reduction in manual compliance effort, more than
80% reduction in statutory filing rejection rates, and 75-80% com-
pression in jurisdiction onboarding timelines. These results support
the position that vendor-agnostic canonical normalisation, combined
with config-driven jurisdiction extensibility and event-sourced audit
trails, constitutes a measurably superior approach to multi-jurisdicti-
onal compliance in payment-scale systems.

1. INTRODUCTION

Operating a global digital payment platform means accepting that every trans-
action potentially triggers a tax obligation in a jurisdiction with its own rules,
its own invoice format, and its own filing deadline. Brazil’s layered indirect
tax system, combining municipal ISS, state ICMS, and federal PIS and COFINS,
operates under different schema requirements than Mexico’s unified IVA frame-
work or India’s dual-structure GST, which distinguishes inter-state from intra-
state transactions through IGST and CGST/SGST, respectively [17]]. For a plat-
form processing millions of transactions daily across these markets, the engi-
neering and compliance demands compound: real-time tax decisions must be
made within payment authorisation flows, legally valid invoices must be gener-
ated and delivered to merchants within jurisdiction-mandated timeframes, and
complete, validated datasets must be submitted to national tax authorities on
statutory schedules.

Prior compliance architectures generally fail at one of two points. Systems
that embed tax logic within application code appear manageable during initial
implementation, but become fragile as jurisdictional rules evolve, a pattern De-
chow and Mouritsen [8] characterise as the integration trap, wherein systems
that attempt to unify data processing and control logic ultimately resist both.
Platforms that fully outsource compliance to external vendors gain maintenance
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simplicity at the cost of auditability: when a tax determination or invoice sub-
mission fails, the operator cannot reconstruct the reasoning chain from within
its own systems. Neither model is appropriate for a regulated payment operator
whose financial regulators demand both real-time responsiveness and complete
auditability.

The Strategic Tax, Invoicing and Compliance (STIC) Platform was designed
to resolve this tension. Its architecture rests on three principles: separation of
tax rule maintenance from transaction orchestration; vendor-agnostic normali-
sation at every external interface; and event sourcing as the foundational audit
trail mechanism. The platform has operated in production across Brazil, Mexico,
and India, and the measurements from that deployment provide the empirical
basis for the architectural claims advanced in this paper.

The contributions are threefold: a reference architecture for unified multi-
tenant compliance infrastructure in payment environments; a vendor-agnostic
invoice normalisation model applicable across divergent jurisdictional standards;
and production evidence that automated remediation materially reduces statu-
tory rejection rates and shortens jurisdiction onboarding timelines. Section 2
reviews the relevant literature. Sections 3 through 6 describe the architecture.
Section 7 presents the data model. Section 8 reports and discusses empirical
outcomes. Sections 9 and 10 address limitations and conclusions, respectively.

2. LITERATURE REVIEW

2.1. Indirect Tax Automation in Digital Commerce. When the OECD [17]
formalised the tax challenges of the digital economy; its focus was primarily on
jurisdictional allocation, which country has the right to tax a digital transaction,
rather than the engineering challenges of implementing real-time tax determi-
nation at scale. Ainsworth [1]] examined VAT fraud mechanisms to argue that
technology, having enabled large-scale evasion, must equally become the in-
strument of its enforcement; his analysis of distributed verification ledgers for
invoice authentication anticipates the API-driven compliance architectures that
followed. The growth of tax-as-a-service platforms shifted the question from
how tax rules should be calculated to how tax rule maintenance should be del-
egated without losing control of the determination pipeline [3]].
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What the literature does not address is the architectural design problem aris-
ing when a high-throughput payment platform must integrate an external rules
engine synchronously within a transaction authorisation flow. Sub-150-millise-
cond p99 latency requirements are non-negotiable in payment authorisation
contexts; any integration that cannot meet that constraint is architecturally in-
admissible regardless of its functional correctness. The OECD [18] acknowl-
edged technology as a primary instrument for compliance improvement but
stopped short of prescribing implementation architecture for real-time payment
environments.

2.2. Electronic Invoicing Standards and Interoperability. Brazil, Mexico, and
India each mandate national e-invoicing schemes that differ fundamentally in
schema, authentication, and submission architecture. Koch [14] traces the tra-
jectory of these mandates, noting that adoption pressure is accelerating globally
as revenue authorities seek real-time visibility into transaction flows. The Eu-
ropean EN 16931-1 standard [10] represents the most formalised attempt at a
canonical semantic model for e-invoice data, establishing a shared vocabulary
for cross-border invoice exchange. Even with regional co-ordination, canoni-
cal data models and adapter patterns at all integration points will be required
for interoperability (the rationale behind the invoicing architecture of the STIC
Platform) [2]. Berg [5] discusses e-invoicing in the context of the digital trans-
formation of B2B payments and finds that invoice normalisation is a precursor
to automated payment reconciliation, rather than just an artifact of compliance.

2.3. Compliance Reporting and Automated Remediation. Brazil’s SPED sys-
tem, Mexico’s DIOT and CFDI complemento requirements, etc., and India GSTR
filing generally impose structured periodic submissions with defined paths for
rejection and re-filing. The supplier/operator must address the rejection by di-
agnosing the problem, correcting it, and resubmitting the document to tax au-
thorities within defined timeframes. The effort involved in compliance manage-
ment is substantial, especially if performed manually, and the labor needs are
unpredictable and potentially high. At scale, compliance automation powered
by technology can produce measurable gains in financial performance and op-
erational efficiency. Companies that invest in RegTech show faster reductions in
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compliance failures over time [|6]. The quality of an organisation’s data infras-
tructure is a binding constraint on the effectiveness of RegTech: automated re-
mediation workflows can only be as reliable as the data pipelines that feed them.
Automated audit trail generation, combined with anomaly detection logic, can
reduce the time necessary for identifying compliance violations in financial sys-
tems [21]].

2.4. Multi-Tenant Architectures for Financial Platforms. Related work on
database sharding, tenant isolation and per-tenant configuration management
in the Software as a Service (SaaS) domain includes Guo et al. [[11]], where
a native multi-tenancy platform is described where tenant configurations are
separated from the platform logic. The STIC Platform extends the native multi-
tenancy model to support compliance, including per-tenant tax rate versioning
and jurisdiction configuration. Data isolation and configuration management
are the primary maintenance challenges for multi-tenancy [4]. This motivates
the use of row-level security and configuration versioning per tenant in the con-
struction of the STIC Platform. Thus, the coordination of legal and technical
obligations requires some form of architectural mediation. This applies to the
single platform’s requirement to comply with the parallel legal obligations of
Brazil, Mexico, and India, without subsuming the different compliance schemas
of these jurisdictions in a single instance [|7].

3. SYSTEM ARCHITECTURE OVERVIEW

Three subsystems constitute the STIC Platform: Tax Determination, Invoicing
Engine, and Compliance Reporting. Each is independently deployable, horizon-
tally scalable, and communicates exclusively through the Kafka event bus, no
subsystem calls another synchronously. A common configuration service governs
jurisdiction-specific tax rules, vendor endpoints, and schema mappings across all
three.

The platform’s event-driven topology was not a stylistic choice; it was the
architectural requirement imposed by the competing constraints of real-time
responsiveness and complete auditability. Synchronous coupling between sub-
systems would mean that a latency spike in invoice generation could block
tax determination processing, unacceptable in a payment authorisation flow.
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Event-driven decoupling removes that dependency while preserving the ability
to replay the complete event stream for audit, recovery, or regulatory exami-
nation [[16]. Event-driven microservices architectures in financial services im-
plementations demonstrate that Kafka-based decoupling enables independent
scaling and graceful degradation across high-volume transaction pipelines [12]].
Table|1|summarises each subsystem’s primary responsibility and external depen-
dency.

TABLE 1. STIC Platform: Subsystem responsibilities and primary
external dependencies.

Subsystem Primary Responsibility External Dependency

Tax Determina- | Real-time indirect tax computa- | Thomson Reuters OITD

tion tion per transaction

Invoicing Engine | Jurisdiction-compliant merchant | NF-e, CFDI, GST e-
invoice generation invoicing vendors

Compliance Re- | Statutory dataset preparation | Tax authority APIs and

porting and submission certified intermediaries

Vendor-agnostic normalisation at every external interface reflects the oper-
ational reality that invoice vendor contracts change, tax authority APIs are up-
dated on uncoordinated schedules, and any architecture that hard-codes vendor-
specific schemas into platform logic will require coordinated releases whenever
any external interface changes. Adapter layers absorb vendor-side changes; the
platform’s canonical data model remains stable.

4. TAX DETERMINATION SUBSYSTEM

Delegating tax rule maintenance to Thomson Reuters OneSource Indirect Tax
Determination (OITD) reflects a deliberate boundary decision: maintaining au-
thoritative, continuously updated tax rule sets for multiple jurisdictions is a
legal and regulatory domain competence, not a software engineering compe-
tence [20]. The STIC Platform retains control over everything else, jurisdic-
tion resolution, rate caching, result persistence, and event emission, while OITD
functions as a computational oracle invoked at the moment of need.
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4.1. Tax Computation Process. The computation sequence begins when a pay-
ment event arrives on the Kafka stream and is consumed by the Tax Determina-
tion service instance assigned to the relevant shard. Jurisdiction resolution ex-
tracts the seller and buyer country and state, service classification type, and en-
tity classification from the event payload. A cache lookup against the Redis rate
store attempts to satisfy the request without an external API call; cache misses
trigger a synchronous OITD invocation that returns the applicable tax codes, ef-
fective rates, computed taxable base, and any exemption indicators [20]. The
Tax Splitter then decomposes the gross transaction amount into three compo-
nents: processing fee, indirect tax, and net-of-tax merchant amount, and persists
the full result to the sharded compliance data store. The TAX COMPUTED event
emitted to Kafka activates the Invoicing Engine consumer.

4.2. Indirect Tax Types by Jurisdiction. The platform’s jurisdiction resolver
maps each transaction to the applicable indirect tax type or types based on seller
location, buyer location, and service classification. Table |2|lists the indirect tax
types supported across the three initial deployment jurisdictions, their applica-
ble transaction scope, and the governing authority responsible for rate-setting
and enforcement.

TABLE 2. Indirect tax types by jurisdiction, applicable transaction
scope, and governing authority.

Jurisdiction| Tax Type Applicable Scope Governing Au-
thority
Brazil ISS Services Municipal
Brazil ICMS Goods and interstate ser- | State
vices
Brazil PIS / COFINS | Revenue contributions Federal
Mexico IVA Goods and services Federal (SAT)
India CGST / SGST | Intra-state transactions Central / State
India IGST Inter-state transactions Central

5. INVOICING ENGINE SUBSYSTEM

Brazil’s NF-e schema, Mexico’s CFDI format, and India’s GST e-invoice struc-
ture share almost no field names, reference number formats, digital signing
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mechanisms, or submission channels. Building separate invoice generation ser-
vices for each jurisdiction would mean that every new market requires a new
service, and every regulatory schema update requires a coordinated change
across multiple codebases. The canonical data model and adapter pattern re-
solve this by defining a single jurisdiction-neutral invoice representation from
which jurisdiction-specific adapters generate the required output format, con-
sistent with the interoperability principles documented in both the EN 16931-1
standard [10]] and the electronic invoicing model analysis published by EDICOM
Group [9].

5.1. Canonical Invoice Data Model. The canonical invoice schema provides
a jurisdiction-neutral representation of all tax-relevant transaction attributes.
Jurisdiction-specific adapters transform this schema into the exact format re-
quired by each national invoicing standard prior to vendor submission. Table
maps each canonical field to its jurisdiction-specific equivalent across Brazil
NE-e, Mexico CFDI, and India GST e-invoicing.

TABLE 3. Canonical invoice field mapping across Brazil NF-e, Mex-
ico CFDI, and India GST e-invoicing.

Canonical Brazil NF-e Mexico CFDI India GST

Field

Seller Tax ID CNPJ RFC GSTIN

Buyer Tax ID | CNPJ / CPF RFC GSTIN

Invoice Refer- | Chave de acesso | UUID (folio fis- | IRN

ence (44 digits) cal)

Tax Amount Valor total dos | Total impuestos | CGST +
impostos trasladados SGST / IGST

Digital Signa- | NF-e XML signa- | CFDI sello + cer- | Signed QR

ture ture tificado code

Submission SEFAZ webser- | SAT PAC IRP API

Channel vice

5.2. Exception Handling Pipeline. Schema rejections, data mismatches, and
tax rate mismatches are categorized by the exceptions pipeline so that they can
be routed to the appropriate automated corrective transform wherever possible.
Production data from the India IRP integration, in which 20 million IRNs were
generated with a 99.99% success rate after the integration matured, shows what
a well-tuned canonical model and exception pipeline can achieve at scale [|13].
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Rejections that do not match the rules are escalated with the complete audit
history to the original transaction, allowing for all exceptions to be traced re-
gardless of resolution.

6. COMPLIANCE REPORTING SUBSYSTEM

Statutory filing is where the consequences of compliance architecture deci-
sions become visible. A misconfigured schema mapping or a stale tax code
does not produce a system error, but it produces a rejected filing, a remediation
window, and potential regulatory exposure. Automated remediation cannot be
regarded as a luxury but a prerequisite for reliability, which is proven by the
empirical literature on the adoption of RegTech practices by financial firms [6].

The Rejection Parser consumes these rejection files received either from ven-
dor SFTP endpoint or its callback API, extracts error codes, record identifiers and
rejection reason classifications, and passes them to the Rule Engine for inspec-
tion, which compares each rejection against a corrective rules table maintained
by error code and jurisdiction (mimicking the audit trail generation frameworks
of ERP systems in finance, according to Kotte [15]]). The remediated records are
put back into the queue for resubmission, and an immutable audit trail entry is
created for the corrective transforms. Records that exhaust the corrective rule
set or exceed the retry threshold enter the supervised manual review queue. Ta-
ble 4| defines the canonical schema used across compliance dataset generation
and statutory submission pipelines.

TABLE 4. Compliance dataset canonical schema: key fields and descriptions.

Field Type Description

merchant_id UuID Tenant-scoped merchant identifier

fiscal_period DATE Reporting period (YYYY-MM)

tax_type ENUM ISS / IVA / GST / IGST / CGST /
SGST

taxable_base DECIMAL | Gross transaction amount before tax

tax_amount DECIMAL | Computed tax liability

invoice_ref VARCHAR | Jurisdiction-specific invoice refer-
ence

submission_statusENUM PENDING / SUBMITTED / AC-
CEPTED / REJECTED

remediation_attempi¥d Count of automated corrective re-
submissions
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7. MULTI-TENANT, SHARD-ENABLED DATA MODEL

Two structural requirements drove the data model design: regulatory-grade
tenant isolation and the horizontal scalability needed to sustain processing across
millions of daily transactions. Composite shard key assignment derived from
merchant identifier and fiscal filing period places all transactions for a given
merchant within a given compliance period on a single shard, eliminating cross-
shard joins from statutory aggregation queries.

Isolation operates at five enforcement layers. Row-level security on tenan-
tld prevents cross-tenant data access even in the event of application logic
errors, consistent with the SaaS isolation model described by Bezemer and
Zaidman [4]]. JWT bearer token claims are validated against tenantld by the
API gateway before any query reaches the database layer. Compliance export
pipelines are tenant-scoped by construction; no cross-tenant data can enter a
statutory submission dataset. Tax configuration, rates, codes, vendor endpoints,
and schema versions are versioned per tenant, enabling independent regulatory
responses without system-wide coordination, consistent with the native multi-
tenancy framework described by Guo et al. [11]. Tenant-scoped encryption keys
ensure that data-at-rest isolation holds even at the storage layer. Table [5/ sum-
marises the five isolation mechanisms and the protection each provides.

TABLE 5. Multi-tenancy isolation mechanisms and enforcement layers.

Layer Mechanism Protection

Database Row-level security on ten- | Cross-tenant  access
antld prevention

API Gateway JWT tenantld claim vali- | Unauthorised  query
dation blocking

Compliance Tenant-scoped export con- | Cross-tenant data ex-

pipeline struction clusion

Configuration Per-tenant versioned con- | Independent rule evo-
fig store lution

Encryption Tenant-scoped key mate- | Data-at-rest isolation
rial

8. NON-FUNCTIONAL REQUIREMENTS AND EMPIRICAL OUTCOMES

8.1. Quality Attributes. Sub-150-millisecond p99 tax determination latency
was the binding non-functional constraint for the synchronous OITD integration
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path; Redis rate caching with a warm-up strategy was the primary mechanism
for meeting it (Author’s primary research data, STIC Platform production de-
ployment, 2023). The 99.95% availability target, essential for a compliance sys-
tem whose downtime produces missed filing windows, was achieved through a
three-availability-zone deployment and Kubernetes pod auto-recovery (Author’s
primary research data, STIC Platform production deployment, 2023). Complete,
immutable event logs for all determinations, invoice generations, and compli-
ance submissions provide the auditability required by both internal SOX controls
and external regulatory examination, consistent with the event sourcing princi-
ples described by Lytvynov and Hruzin [[16].

8.2. Empirical Outcomes. Production measurements over twelve months against
pre-platform baselines yield the results in Table[6] Baseline measurements were
established using the manual and semi-automated processes that the STIC sys-
tem replaced.

TABLE 6. Empirical outcome metrics: operational efficiency im-
provements post-deployment. Source: Author’s primary research
data, STIC Platform production deployment, 2023.

Metric Baseline Post- Change
Deployment

Manual compliance ef- | 100% (base- | ~30% of base- | ~70%  re-

fort (FTE-hours per pe- | line) line duction

riod)

Statutory filing rejec- | 100% (base- | <20% of base- | >80%  re-

tion rate line) line duction

Jurisdiction onboard- | 16-24 weeks | <4 weeks 75-80%

ing timeline compression

Tax determination la- | Manual / | Sub-150ms Real-time

tency (p99) batch

8.3. Discussion of Results. Three automation investments compound to pro-
duce the approximately 70% reduction in manual compliance effort (Author’s
primary research data, STIC Platform production deployment, 2023): auto-
mated tax determination replacing per-transaction manual rate lookup; auto-
mated invoice generation and vendor dispatch replacing manual file prepara-
tion; and rule-driven remediation substantially replacing the manual rejection-
response process. Residual manual effort is structurally concentrated in the



278 S.K. Kumara Chinnaian

supervised exception queue, the category of rejections for which no automated
corrective rule exists and which requires human judgment. The residual irre-
ducible manual category is characteristic of mature RegTech implementations:
automation does not eliminate human oversight but relocates it to higher-value
exception handling [6].

The greater-than-80% reduction in statutory filing rejection rates (Author’s
primary research data, STIC Platform production deployment, 2023) traces pri-
marily to canonical normalisation, eliminating the schema and format error class
that historically dominated rejection counts. Rejections that persist after canon-
ical normalisation fall into a single identifiable category: genuine tax author-
ity rule changes occurring in the interval between OITD rule-set update cycles.
That residual is a known architectural limitation, not a normalisation failure.
The compression of jurisdiction onboarding timelines from 16-24 weeks to un-
der four weeks demonstrates that the config-driven extensibility model has ef-
fectively eliminated the technical component of onboarding time; the remaining
weeks are occupied by legal and regulatory due diligence that no technical archi-
tecture can eliminate, as documented in the context of cross-border e-invoicing
compliance by Sovos [[19].

9. LIMITATIONS AND FUTURE RESEARCH

The empirical results derive from a single deployment context. Replication at
other operators and across additional jurisdiction combinations would strengthen
the external validity of the reported improvements. The platform’s accuracy is
bounded by the OITD rule-set currency: legislative changes enacted between
update cycles create a known accuracy exposure window. Hot-shard risk under
highly skewed merchant volume distributions remains unresolved; virtual-node
shard assignment is under evaluation as a mitigation, consistent with partition-
ing strategies described in the multi-tenancy literature [11].

Future directions include machine-learning-assisted rejection classification to
extend the rule engine’s reach to novel rejection patterns; direct-to-authority API
submission for jurisdictions that support real-time invoice validation, reducing
certified intermediary dependency [|19]]; open-source formalisation of the ven-
dor adapter library to enable broader community adoption; and longitudinal
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analysis of compliance rejection trends across jurisdictions to identify systemic
patterns in tax authority rejection behaviour.

10. CONCLUSION

The compliance architecture problem facing multi-jurisdictional payment op-
erators is not primarily a regulatory problem, and it is an engineering problem
with regulatory consequences. Embedding tax logic in application code and
fully outsourcing compliance both fail for architectural reasons that predate any
specific regulatory requirement: the former cannot adapt without code changes;
the latter cannot audit without vendor access. The STIC Platform demonstrates
that a third architecture, vendor-agnostic canonical normalisation, config-driven
jurisdiction extensibility, event-sourced audit trail construction, and rule-driven
remediation, resolve both failure modes and produce measurable operational
improvements at payment scale.

The patterns described are not organisation-specific. Any financial services
operator processing transactions across multiple indirect tax jurisdictions faces
the same structural challenge and can apply the same architectural response.
The production evidence from three major mandated markets, Brazil, Mexico,
and India, provides a generalisable reference data point: compliance automa-
tion at this architectural depth can reduce manual effort by approximately 70%,
cut statutory filing rejection rates by more than 80%, and compress jurisdic-
tion onboarding timelines by 75-80%. In that sense, this paper offers both a
case study and a reference architecture for the financial technology compliance
community.
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