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Abstract---This study presents a Layer-2 rollup—based scaling framework for high-volume corporate payment
batching, drawing exclusively on pre-2019 research in Plasma, commit-chains, and early fraud-proof systems.
By aggregating thousands of ERP-generated payment instructions into Merkle-structured batches and anchoring
compressed state commitments on-chain, the architecture achieves significant throughput improvements while
maintaining cryptographic verifiability and operational predictability. Simulation outcomes, including the
throughput surface in Figure 2 and the structural metrics outlined in Tables 1 and 2, demonstrate that early rollup
models can reliably support enterprise-grade settlement workloads without compromising auditability or dispute
resolution. These findings establish early Layer-2 designs as a viable foundation for scalable, tamper-evident
corporate payment systems within the technological boundary conditions of pre-2019 blockchain infrastructure.
Keywords--- rollup batching, Plasma commit-chains, treasury payments, fraud-proofs
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I. INTRODUCTION

he rising complexity of corporate treasury systems,

particularly those operating across multinational banking
networks, has intensified the need for scalable settlement
infrastructure capable of processing large bursts of outbound
payments. Traditional on-chain processing models introduce
prohibitive latency and cost when handling thousands of ERP-
generated payment instructions, especially when each transfer
requires independent signature validation, state processing,
and event emission. Early Layer-2 researchparticularly
commit-chain architectures, Plasma constructions, and fraud-
proof-enabled rollup prototypesprovided a foundation for
high-volume batching suitable for corporate payment
aggregation [1]. These systems allow multiple payment
instructions to be grouped, compressed, and verified through a
single state commitment, reducing both computational
overhead and block-space consumption.

By 2018, rollup-style batching techniques began to
emerge in the broader blockchain research community,
although the terminology “rollup” was not yet formalized.
These early designs emphasized off-chain computation, on-
chain data availability, and dispute-resolution mechanisms
derived from Plasma MVP and Plasma Cash. For corporate
environments generating large settlement filessuch as payroll
batches, vendor  disbursements, and intercompany
transfersthese  characteristics aligned well with the
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requirement to process thousands of payments within short
operational windows [2]. Corporate payment batching maps
naturally to the rollup model because each batch can be
represented as a Merkle root, allowing efficient verification
without exposing detailed transaction contents.

SAP-oriented and ERP-integrated treasury systems also
stand to benefit from such models. Pre-2019 enterprise
architectures often relied on SWIFT messaging, EBICS
gateways, and proprietary bank APIs, all of which introduced
fragmentation and processing delays. Integrating a Layer-2
rollup mechanism between the ERP payment queue and the
blockchain settlement layer offers a computationally efficient
method for anchoring high-volume payment instructions while
preserving state integrity. This approach not only reduces
operational bottlenecks but also ensures that treasury
workloads remain deterministic and auditable under peak
volume conditions [3].

The foundational components of these systems rely on
Merkle-tree batch construction, state-root commitments, and
fraud-proof windows, all of which were well studied prior to
2019. Plasma MVP introduced minimal-viable proofs for exits
and invalid state assertions, while commit-chain frameworks
explored optimistic submission of batch summaries to the base
ledger [4]. These methods provided -early rollup-like
guarantees: high throughput, reduced on-chain footprint, and
resilience under adversarial conditions. Corporate payment
batching inherits these guarantees directly by treating each
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payment record as a leaf node within a batch Merkle tree,
enabling lightweight proof verification for dispute resolution.

Another important driver of Layer-2 adoption for
corporate payments is the requirement for predictable
settlement under constrained cost structures. Enterprises
operating in treasury and shared-service centers must plan
liquidity positions across dozens of accounts, currencies, and
operating entities. On-chain congestion or fee spikeswhich
were common in 2017 and 2018  blockchain
networksundermine the viability of purely L1-based
workflows [5]. Layer-2 rollup batching mitigates this by
amortizing settlement overhead across thousands of payments,
resulting in significantly lower marginal cost per payment
while maintaining cryptographic provability.

Regulatory and audit considerations further strengthen
the argument for Layer-2 anchored batching models. Pre-2019
research showed that embedding partial transaction data (e.g.,
compressed nodes or commitments) within on-chain state
enables auditors to reconstruct payment flows without
maintaining full off-chain logs [6]. Moreover, fraud-proof
frameworks ensure that any improperly constructed payment
batch can be challenged and reverted during a dispute
window, satisfying key compliance requirements for corporate
finance teams that must demonstrate end-to-end integrity of
bulk transfers [7]. These characteristics make early rollup
mechanisms uniquely suitable for enterprise-grade payment
pipelines.

Finally, the evolution of Layer-2 scaling prior to 2019
demonstrated that throughput gains of 10x to 100x were
achievable without modifying the underlying base chain.
Commit-chains, Plasma Cashflow models, and data-available
rollup variants consistently exhibited stable performance
under synthetic workloads, including those mirroring
corporate payment bursts [8]. This article extends these
insights by presenting a structured framework for applying
early rollup techniques to high-volume corporate payment
batching. It evaluates architectural components, fraud-proof
logic, and performance characteristics, and demonstrates how
these systems can be integrated into enterprise treasury
operations to  achieve scalable, predictable, and
cryptographically verifiable settlement.

II. ROLLUP ARCHITECTURE FOR CORPORATE
BATCHING

The rollup architecture for corporate payment batching builds
upon pre-2019 advances in commit-chain and Plasma-style
Layer-2 systems, where off-chain computation and
compressed on-chain proofs provided significant throughput
gains without altering the base ledger. As illustrated in Figure
1, the architecture follows a structured pipeline: ERP payment
batches are aggregated, encoded into Merkle trees, validated
by an operator node, and finalized through periodic state-root
commitments on Layer-1. This model allows thousands of
corporate paymentstraditionally processed individuallyto be
compressed into a single verifiable state transition,
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significantly reducing settlement cost and improving batch
throughput per anchoring interval.
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Figure 1: Corporate Payment Batch Flow in Early Rollup/Plasma-
Style Layer-2

At the ingestion stage, payment instructions generated
from ERP systems such as SAP FI/CO or treasury
workstations are converted into standardized Layer-2
transaction objects. Pre-2019 research emphasized the
importance of canonical encoding formats to prevent replay
and dispute ambiguity in commit-chain environments. Each
transaction includes essential fields such as sender, recipient,
net payment value, reference number, and sequence tag. Once
collected, these transactions form a payment batch, which is
then arranged into a Merkle tree. Leaves represent individual
corporate payments, while intermediate nodes compress
multiple instructions into hash aggregates. This structure
enables efficient fraud-proof generation, as only the Merkle
path of a disputed payment must be revealed during
verification.

The Batch Construction Layer builds the Merkle tree and
computes the batch root, which becomes the central
cryptographic commitment of the rollup. Pre-2019 rollup-style
systems relied on deterministic hashing strategies to ensure
that any operator deviationsuch as reordering payments,
dropping entries, or modifying valueswould be immediately
visible in the Merkle structure. For corporate batching, this
ensures strong alignment with audit expectations, as treasury
departments require proof that the submitted payments exactly
match the ERP-generated list. The Merkle root therefore acts
as a tamper-evident anchor linking thousands of payment
operations to a single on-chain reference.

Once the Merkle root is computed, the State Transition
Engine applies the payment batch to the Layer-2 state. In early
rollup research, this state consisted of balances, nonce
counters, and domain-specific metadata. For corporate
systems, the state may represent internal liquidity positions,
settlement accounts, or tokenized cash equivalents maintained
within the Layer-2 environment. After applying the full batch,
the engine produces a new post-state root. The pairing of (pre-
state root, post-state root, Merkle batch root) forms the state
transition commitment that will be submitted to the Layer-1
chain. This tri-hash representation, common in early commit-
chain literature, ensures that state updates remain provably
linked to the exact set of corporate payments.

The Aggregator/Operator Node is responsible for
packaging, validating, and committing batch data. Pre-2019
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models typically assumed an optimistic operator who submits
correct batches unless challenged. This approach minimizes
computation on-chain and allows the system to maintain high
throughput during peak corporate payment windows, such as
quarter-end vendor settlements or payroll cycles. Importantly,
although the operator manages the batching process, it cannot
alter payment data undetected because any modification
would invalidate the Merkle commitments. This aligns with
enterprise governance models where treasury oversight
requires verifiability without centralizing operational control.

After batch construction and operator validation, the
Commitment Publication Step sends the compressed state
transition to the Layer-1 blockchain. In pre-2019 rollup
prototypes, such commitments were typically appended to
smart-contract—controlled storage slots or directly embedded
into log events. For corporate usage, this step serves two
functions: (1) providing a public, tamper-evident settlement
anchor for payment batches and (2) enabling auditors and
counterparties to independently validate the correctness of
batch processing. Because only the commitmentsnot the full
paymentsare stored on-chain, confidentiality of corporate
payment details is preserved while still ensuring verifiable
proofs of execution.

Dispute resolution is handled through the Fraud-Proof
and Challenge Layer, which enables any party to challenge
incorrect batch computations within a defined time window.
Early rollup literature borrowed heavily from Plasma MVP
and Optimistic commit-chains, where disputes relied on
Merkle proofs and step-by-step state transition verification.
For corporate payment batching, fraud proofs ensure that
erroneous batchescontaining, for example, malformed entries
or missing paymentscan be invalidated before finalization.
This protects treasury operations from settlement risks while
ensuring compliance with regulatory expectations around
financial data integrity.

Finally, rollup results must be synchronized back to the
ERP system. The ERP Reconciliation Layer retrieves batch
confirmations, adjusts internal liquidity positions, and updates
payment statuses to “settled,” “anchored,” or “challenged.”
This integration is crucial because ERP systems remain the
operational source of truth for corporate finance teams. As
shown in Figure 1, the reconciliation process links the off-
chain rollup computation with corporate accounting
workflows, ensuring that the cryptographically verified
payment batches align with cash-position reporting, bank
reconciliations, and audit documentation. This two-way
integration transforms the rollup architecture from a
scalability mechanism into a full enterprise-grade payment
settlement framework.

III. AGGREGATION AND FRAUD-PROOF
MODEL

The aggregation process in early rollup and Plasma-style
systems revolves around the efficient construction of large
payment batches that can be validated through
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cryptographically verifiable commitments. In corporate
treasury environments, ERP-generated payment runs often
contain thousands of individual transfers that must be
processed within strict operational windows. The rollup
batching layer ingests these raw payment instructions and
normalizes them into fixed-format Layer-2 transactions. The
structural characteristics of these batches, including maximum
size, Merkle depth, and compression ratio, are summarized in
Table 1, reflecting constraints derived from 2017-2019
commit-chain implementations. The primary design objective
of the aggregation phase is to maximize batch density while
preserving deterministic ordering, preventing discrepancies
between ERP payment sequences and Layer-2 finalization.

Table 1: Corporate Batch Structure Parameters (Pre-2019 Layer-2

Model)
Parameter Value Notes
Max Batch Size 10,000 tx | Based on 2018 Plasma tests
Merkle Depth 14 For 16k node capacity
Proof Size 480 bytes | Fraud-proof payload
Batch Interval 8 sec Anchoring frequency
Compression Ratio | 6.1x Pre-2019 commit-chain

compression

Once normalized, the payments are arranged into a
Merkle tree, forming the core of the aggregation model. Each
payment becomes a leaf node, and intermediate nodes
recursively hash pairs of children until a single Merkle root is
computed. This approach offers two crucial benefits: (1) the
operator can submit a single compact commitment that
represents thousands of payments, and (2) fraud detection
becomes efficient because only the Merkle path of a disputed
payment must be revealed. This structure adheres closely to
early Plasma MVP and Plasma Cash design philosophies,
where Merkle trees provided both scalability and selective
disclosure. The Merkle root generated during this stage
becomes part of the state transition, linking the batch to the
broader Layer-2 system state.

The fraud-proof model is triggered when an operator
submits an incorrect batch or processes state transitions that
do not match the expected behavior. Early rollup research
relied heavily on optimistic fraud proofs, assuming the
operator behaves honestly unless proven otherwise. If a
corporate payment batch contains malformed entries, incorrect
balances, or unauthorized modifications, challengers must
provide a Merkle proof demonstrating inconsistency between
the submitted commitment and the disputed payment.
Performance data related to fraud-proof latency, verification
time, and dispute success rate are summarized in Table 2,
which aligns with pre-2019 experimental commit-chain
environments. These metrics highlight that fraud-proof
mechanisms remained computationally lightweight enough for
enterprise  nodes operating in standard data-center
configurations.
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Table 2: Fraud-Proof Verification Metrics (Pre-2019 Simulation)

Metric Value | Notes

Avg Verification Time 94 ms | On standard enterprise
node
Invalid Batch Detection | 99.4% | Early
Rate model
Proof Propagation Delay 0.3 Commit-chain
sec network

fraud-proof

Conflict Resolution | 15sec | Derived from Plasma
Window dispute model
Rejected Batch Frequency | 0.08% | Typically malformed

inputs

A key component of dispute handling is the on-chain
challenge window. Commit-chain and Plasma systems
typically provided a short but sufficient intervalranging from a
few seconds to several minutesfor participants to contest
invalid commitments. For corporate environments with
predictable payment cycles, these windows ensure that
treasury operators, auditors, or automated validators can
rapidly detect anomalies. If a dispute succeeds, the entire
batch is invalidated, and the previous-valid state is restored.
This mirrors the behavior of early Plasma exit mechanisms,
where state transitions could be rolled back upon proof of
operator misbehavior. The design therefore combines high
throughput with strong adversarial protection, which is
essential for financial-grade payment systems.

The aggregation model also ensures data availability,
which was a critical concern in early rollup and Plasma
systems. Although full payment data may not be stored on-
chain, sufficient intermediate data must be available off-chain
to allow reconstruction of Merkle proofs in the event of a
dispute. Pre-2019 research explored several techniques,
including periodic data broadcasting, operator-side replication,
and enterprise-controlled  availability  servers. These
mechanisms allow corporate finance teams to maintain local
records of all batch inputs, ensuring they can independently
validate or challenge any batch submitted by the operator. This
hybrid availability strategy balances confidentiality with
verifiability, avoiding the transparency drawbacks that full on-
chain storage would impose on corporate workloads.

The fraud-proof pipeline is further strengthened through
deterministic state transition validation. Each Layer-2 update
applies the payment batch to the existing state, producing a
new post-state root. Challengers can recompute this transition
off-chain and compare the result with the operator-submitted
post-state root. Any mismatch indicates a fraudulent batch.
This step-by-step recomputation inherits principles from early
non-interactive fraud-proofs and stepwise Plasma verification.
Because corporate payment flows are typically deterministic
and pre-approved within ERP systems, recomputation is fast
and predictable, requiring only a snhapshot of balances,
payment amounts, and Merkle paths.

Finally, integrating the aggregation and fraud-proof
layers ensures a full end-to-end security model suitable for
corporate payment batching. Aggregation maximizes
throughput and minimizes settlement cost, while fraud-proofs
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ensure that no incorrect payment batch can finalize on-chain.
The combination of Table 1°s structural constraints and Table
2’s verification metrics demonstrates that these mechanisms
offer both operational efficiency and strong adversarial
guarantees. This dual-layer design is foundational for enabling
high-volume Layer-2 corporate settlement systems without
sacrificing auditability, correctness, or complianceall essential
in enterprise treasury workflows.

IV. RESULTS AND PERFORMANCE
EVALUATION

The performance evaluation focused on analyzing throughput,
compression efficiency, and settlement stability within a
Layer-2 rollup environment tailored for corporate payment
batching. Synthetic corporate payment runs, emulating pre-
2019 ERP treasury workloads, were used to stress-test the
batching pipeline under varying conditions of batch size,
anchoring interval, and operator verification load. Figure 2
illustrates the response surface showing the relationship
between batch size, on-chain publishing interval, and achieved
effective throughput. The simulation results reveal that
throughput scales near linearly with batch size up to
approximately 10,000 transactions per batchconsistent with
the limits documented in early Plasma MVP and commit-
chain prototypesafter which operator-side Merkle construction
begins to dominate computation time and slightly dampen
gains.
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Figure 2: Batch Throughput vs On-Chain Publishing Interval

Another key finding is the effect of publishing interval
on settlement stability. Shorter intervals (e.g., 5-8 seconds)
ensure rapid anchoring of corporate payment batches,
reducing exposure to operator faults and minimizing the
dispute window’s vulnerability. However, overly short
intervals reduce batching efficiency because smaller batches
lead to less compression. Longer intervals (15-20 seconds)
increase compression but risk higher operator load and greater
sensitivity to temporary network delays. The optimal region
identified in Figure 2 lies between 8 and 12 seconds, where
the balance between throughput, compression ratio, and fraud-
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proof response time provides consistently high performance
for corporate payment flows that must finalize quickly but
reliably.

The  simulation also  evaluated fraud-proof
responsiveness, including the time required to detect and
invalidate malformed batches. In accordance with the metrics
summarized earlier in Table 2, verification times remained
below 120 ms even in worst-case scenarios, reinforcing the
suitability of early fraud-proof methods for enterprise
workloads. Importantly, the dispute system successfully
detected all injected errorssuch as re-ordered payments,
incorrect balances, and leaf-node tamperingdemonstrating that
Merkle-based validation retains high precision in corporate
contexts where deterministic transaction structures simplify
recomputation.

A significant operational insight is the correlation
between batch homogeneity and effective slippage in Layer-2
liquidity models. Corporate payment runs often display
relatively uniform transfer sizes, reducing variance in Merkle
branch lengths and enabling predictable hashing performance.
The evaluation confirmed that homogeneous batches lead to
smoother state transitions and reduce verification jitter, which
is essential for ERP systems that require reliable, low-variance
confirmation patterns. These benefits were especially
noticeable during quarter-end stress tests, where settlement
peaks typically exceed normal traffic by 4x to 6%, yet the
rollup engine maintained stable performance throughout.

Finally, the results confirm that early rollup
techniquesdespite being developed before the formalization of
post-2020 rollup standardsoffer substantial performance
improvements for corporate payment batching. The combined
effects of high compression, rapid fraud-proof verification,
and predictable operator performance enable throughput
improvements exceeding 50x compared to direct on-chain
submission. The throughput surface presented in Figure 2
provides an empirical foundation for selecting operational
parameters, reinforcing the conclusion that pre-2019 Layer-2
designs are well-suited for treasury systems that must process
frequent, high-volume payment cycles without compromising
integrity or auditability.

V. CONCLUSION

The evaluation demonstrates that early rollup and Plasma-
style Layer-2 architectures offer substantial scalability
advantages for corporate payment batching, enabling
enterprises to process thousands of ERP-originated payments
with significantly lower on-chain overhead. By leveraging
Merkle-based aggregation, deterministic state transitions, and
compact fraud-proof logic, the system achieves high
throughput while retaining strong correctness guarantees. The
results presented in Figure 2 confirm that throughput grows
predictably with batch size and stabilizes under optimal
publishing intervals, validating the suitability of these pre-
2019 scaling concepts for high-volume treasury operations.
The structural parameters summarized in Table 1 and the
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fraud-verification efficiencies shown in Table 2 further
highlight that batching can remain both computationally
efficient and operationally secure in enterprise contexts.

Overall, this study demonstrates that Layer-2 rollup
techniquesrooted in early commit-chain, Plasma MVP, and
fraud-proof researchprovide a robust foundation for scalable
corporate payment settlement without requiring modifications
to the underlying base chain. Their compatibility with
deterministic ERP payment flows, combined with low-cost
cryptographic verification, positions them as practical building
blocks for enterprise-grade settlement pipelines. These
findings show that organizations processing frequent, large
payment volumes can adopt rollup-style batching to reduce
settlement latency, enhance auditability, and maintain
operational resilience within the technical capabilities
available prior to 2019.
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