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ABSTRACT

Order-to-cash (O2C) delays convert operational disruption into lig-
uidity risk when delivered goods remain tied to unresolved in-
voices, unmatched remittances, or missing delivery evidence. This
paper presents Financial Kinetic Stability, a deterministic agentic
architecture for reducing working capital latency in legacy enter-
prise resource planning (ERP) environments. The proposed Legacy
Bridge Architecture (LBA) uses retrieval-augmented generation
(RAG) to ground transformer-based reasoning in ERP metadata,
shipping logs, bank feeds, customer remittance rules, and pol-
icy constraints. A deterministic validation layer then blocks any
ledger write unless amount, proof-of-delivery, proof-of-payment,
tax, authorization, and audit predicates are satisfied. The Resilient
02C Clearing (ROC) algorithm is evaluated through a repro-
ducible simulation of 50,000 invoices, including 5,000 disrupted
cases, for a synthetic Tier-2 aerospace-manufacturing O2C envi-
ronment. To ensure robustness, the evaluation includes compre-
hensive parameter sensitivity testing across confidence thresholds.
Compared with manual processing, rule-based robotic process au-
tomation, and non-grounded LLM baselines, LBA+ROC reduced
mean working capital latency from 45.2 to 26.2 days, increased
reconciliation accuracy to 99.8%, and lowered median process-
ing time from 240.0 to 1.2 minutes per invoice. The results indi-
cate that autonomous financial clearing is viable only when prob-
abilistic reasoning is constrained by deterministic validation, zero-
trust authorization, human escalation, and complete audit evidence.
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1. INTRODUCTION

Industrial resilience is usually assessed through material availabil-
ity, manufacturing capacity, logistics continuity, and supplier re-
dundancy. Financial execution is an equally material resilience
layer. A manufacturer can complete production and delivery while
working capital remains trapped in open invoices, unmatched bank
transactions, disputed shipments, or unverified tax adjustments.
This paper calls that condition financial kinetic instability: the
physical supply chain has moved, but the financial state has not
reached settlement.

The O2C process is a frequent source of this latency. In brown-
field ERP estates, invoice clearing can depend on ERP line items,
delivery records, carrier events, bank feeds, remittance references,
customer-specific rules, tax codes, dispute queues, and spreadsheet
controls. These data are often distributed across aging schema con-
ventions, local customizations, and manual work practices. When a
disruption occurs, such as a partial shipment or delayed wire, the re-
sulting exception can remain unresolved long after the operational
event has been completed.

Generic automation does not remove the control problem. Rule-
based robotic process automation (RPA) is useful for exact-match
cases, but it fails when remittance references, delivery evidence, or
tax fields are incomplete. Large language models (LLMs) can inter-
pret irregular records, yet unconstrained probabilistic output is un-
suitable for ledger execution. Transformer models provide flexible
reasoning capacity [1}2]]; RAG improves factual grounding by cou-
pling a generator to retrieved external evidence [3[]; and tool-using
agents can coordinate reasoning and external actions 7, [8]]. How-
ever, none of these capabilities should be granted direct authority
over financial records without deterministic validation, auditability,
and least-privilege access control.

Existing work addresses process mining, data governance, RAG,
Al risk management, and zero-trust security as largely separate
concerns [9, [11} [12} [13]. The research gap is a controlled archi-
tecture for O2C execution in which model reasoning is grounded
in legacy evidence and then constrained by financial validation be-
fore any ERP write occurs. This paper addresses that gap through
a non-invasive architecture that leaves the ERP as the system of
record while adding an auditable reasoning, validation, and escala-
tion layer.



The main contributions are:

(1) a measurable definition of working capital latency for dis-
rupted O2C workflows;

(2) a Legacy Bridge Architecture that combines RAG-grounded
reasoning with deterministic financial validation, illustrated
through structural flow models;

(3) the Resilient O2C Clearing algorithm for autonomous invoice
clearing under confidence, policy, and audit constraints;

(4) a reproducible simulation protocol with explicit disruption
classes, baseline methods, and comprehensive parameter eval-
uations;

(5) an ablation and stress-test analysis showing why both RAG
grounding and deterministic validation are required.

2. RELATED WORK
2.1 0O2C Automation and ERP Modernization

ERP modernization research emphasizes that core transaction sys-
tems accumulate schema variation, custom fields, manual excep-
tions, and local control procedures. Replacing the system of record
is often risky, so modernization frequently uses overlays, integra-
tion services, metadata catalogs, or process-mining methods. Pro-
cess mining provides a basis for discovering workflow deviations
and bottlenecks from event logs [9]. Data governance literature fur-
ther shows that reliable enterprise data use requires decision rights,
stewardship, quality controls, and accountability rather than iso-
lated technical fixes [10,|11].

02C workflows combine transaction processing and operational
evidence. A payment can be received but remain unapplied; a ship-
ment can be delivered but lack matched proof; a customer dispute
can block settlement despite valid delivery. These conditions make
02C automation different from simple document classification. It
requires evidence assembly, policy-controlled state change, and au-
ditability.

2.2 RAG and Agentic Reasoning

RAG was introduced to improve knowledge-intensive generation
by retrieving non-parametric context during generation [3[. Dense
retrieval and approximate nearest-neighbor methods make such re-
trieval feasible at scale [4, S} [6]. In the O2C setting, the retrieved
corpus can include ERP table definitions, invoice attributes, carrier
records, bank-feed patterns, tax rules, customer remittance instruc-
tions, and prior exception outcomes.

Tool-using language agents extend language models from passive
generation to action selection [7, [8]. This is useful for enterprise
workflows, but it creates a control boundary: a model may propose
an action, yet operational systems require deterministic precondi-
tions before execution. The architecture in this paper treats RAG as
a grounding mechanism, not as an execution guarantee.

2.3 Al Governance, Security, and Auditability

Financial automation must satisfy reliability, access control, and
audit constraints. NIST SP 800-207 defines zero trust as an ar-
chitecture in which no implicit trust is granted and access is con-
tinuously evaluated against users, assets, and resources [12]]. The
NIST AI Risk Management Framework emphasizes governance,
measurement, management, and mapping of Al risks [13]. Indus-
try surveys also indicate that many organizations still struggle to
scale Al from pilots into governed enterprise workflows [21} [22].
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These observations motivate the deterministic control layer used in
this paper.

2.4 Research Positioning

The proposed approach differs from prior automation in three ways.
First, it formalizes O2C resilience as a latency-minimization prob-
lem tied to working capital. Second, it uses RAG over legacy ERP
evidence to improve contextual interpretation without replacing the
ERP. Third, it requires a deterministic validation gate before write
execution, preventing the LLM from acting as an unconstrained fi-
nancial actor.

3. PROPOSED METHOD
3.1 System Model and Objective

Let the enterprise O2C environment be represented as a directed
graph G = (V, E), where vertices include the manufacturer, cus-
tomers, banking systems, carriers, and ERP modules. For invoice i,
let t4(4) be confirmed delivery time and ¢ (7) be settlement or valid
clearing time. Working capital latency is

Ai = t5(1) — tq(). (1
For N invoices, mean latency is
1 X
N ; @)

The clearing policy 7 should reduce latency while avoiding incor-
rect clearing and maintaining audit completeness. The normalized
objective is

min J(7) = aX + BE, +~vCp, + 6R. — nA., %))

where ) is normalized mean latency, F,. is reconciliation error rate,
C,, is normalized manual effort, R, is policy-risk score, A, is audit
evidence completeness, and «v, 3, 7y, §, 7 > 0 are selected according
to risk appetite. In this study, all terms are scaled to [0, 1] before
aggregation.

3.2 Legacy Bridge Architecture

The Legacy Bridge Architecture (LBA) is a non-invasive overlay. It
reads from existing systems, retrieves relevant evidence, proposes
clearing actions, validates those actions, and writes only when all
constraints are satisfied. This deterministic flow is illustrated in Fig-

ure [T}

Table 1. Architecture Components

Function

Reads ERP, bank, shipping, customer,
and policy records.

Retrieves schema metadata and evidence
for each invoice.

Proposes a clearing, dispute, or escalation
action.

Applies deterministic financial and secu-
rity predicates.

Execution layer Writes approved actions and audit
records only.

Routes uncertain or failed cases to human
review.

Component
Perception layer

Retrieval layer

Reasoning layer

Validation layer

Escalation layer




ERP State Bank Feeds

|
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Fig. 1. Legacy Bridge Architecture (LBA) for deterministic agentic O2C clearing.

For invoice ¢, the evidence tuple is
ship _bank _tax _policy
€ I C))

x; ={ef" e e e

Retrieved context is

where ¢; is the invoice-specific query, K is the indexed evidence
store, and k is the retrieval depth. The model proposes action a;
and confidence c;:

(ai,ci) = fo(xi, Ci). (6)
Execution is allowed only if
C; >T A V(a’i7xi7P):17 (7)

where 7 = 0.99 in the main experiment. The validation function is
the conjunction

V= Va7nt A Vpod A Vpuy A ‘/taw A Vuuth A Vaudit- (8)

Here Vg,,: checks amount tolerance, V.q verifies proof-of-
delivery, Vj,q, verifies proof-of-payment or valid receivable state,
Viaz checks tax and jurisdiction constraints, V., checks least-
privilege authorization, and V., 4;¢ confirms that evidence is suffi-
cient to reconstruct the decision.

3.3 Resilient O2C Clearing Algorithm

4. EXPERIMENTAL DESIGN
4.1 Synthetic Data Generation

The evaluation uses a synthetic O2C dataset because production re-
ceivables, bank feeds, and customer disputes are confidential. The

dataset is designed to test architectural behavior rather than to es-
timate universal industry performance. It contains 50,000 invoices
across twelve simulated months and 5,000 disrupted cases. Each
invoice contains customer, invoice, delivery, payment, tax, dispute,
and remittance fields.

4.2 Baselines and Metrics

Four methods are compared. Manual Legacy represents analyst
clearing through ERP screens and spreadsheets. Rule-Based RPA
clears only exact-match cases. End-to-End LLM uses the same in-
voice evidence but no retrieval index and no deterministic valida-
tion. LBA+ROC is the proposed method.

The primary metrics are mean working capital latency, autonomous
clearing rate, and reconciliation accuracy. To provide a comprehen-
sive evaluation, secondary metrics track computational overhead
(median processing time), false autonomous clearance rates, and
audit evidence completeness.

4.3 Implementation Protocol

The simulation uses retrieval depth & = 8 and a baseline confi-
dence threshold of 7 = 0.99. Each baseline is evaluated on the
same invoice population, with reported values averaged across five
simulation seeds to ensure statistical reliability. The deterministic
validation predicates restrict write-access as defined in the system
model.

5. RESULTS AND DISCUSSION

5.1 Primary Results and Statistical Significance

The proposed LBA+ROC method significantly outperformed all
baseline approaches in latency reduction and accuracy. Table 4
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Table 2. Resilient O2C Clearing Algorithm (ROC)

Output: Updated ledger state S’, audit trail A, escalation queue H.

Input: ERP state .S, bank feed B, shipping logs L, policy set P, evidence index K.

3. Build query ¢; and retrieve context C; = R(q;, K, k).

1. Query S for open or disputed invoices eligible for automated review.
2. For each invoice i, retrieve ERP attributes, bank evidence, shipping evidence, tax fields, and applicable policies.

4. Generate proposed action a; and confidence c; using the reasoning model.

5. Evaluate validation predicates: Vamt, Vpod> Vpay» Viazs Vauth, and Vaydit-

6. If ¢; > 7 and all validation predicates pass, execute the approved ERP clearing action and append evidence to A.
7. Otherwise, append ¢ to H with retrieved evidence, failed predicates, and recommended reviewer action.

8. Update feedback records for future retrieval, monitoring, and policy review.

Table 3. Synthetic Dataset Rules

Generation Rule

50,000 records

10% of records

Log-normal distribution, nor-
malized for reporting

Variable
Invoice count
Disrupted cases
Invoice value

Payment delay Gamma-distributed baseline
delay plus disruption penalty

Partial shipment 2.5% of records

Missing delivery evidence 2.0% of records

1.5% of records
1.2% of records
2.8% of records

Incorrect tax code
Duplicate remittance reference
Bank-feed delay

details the exact performance metrics across the four evaluated
methodologies.

As visualized in Figure[2] LBA+ROC reduced mean working capi-
tal latency from 45.2 to 26.2 days in simulation. A two-sample t-test
confirms this 42.0% reduction is statistically significant (p < 0.01).
This acceleration is primarily driven by the architecture’s ability to
autonomously clear 94.0% of invoices while restricting the false
autonomous clearance rate to a negligible 0.1%.

40 |-

1 I I I I
0

Manual E2ELLM LBA+ROC

Mean Latency (Days)

Fig. 2. Comparison of Mean Working Capital Latency across baseline
methodologies.

The non-grounded E2E LLM baseline processed cases quickly but
created an unacceptable 5.0% false-clearance rate, rendering it un-
viable for financial ledgers. The rule-based RPA baseline preserved
control but failed to scale in irregular cases, achieving only a 61.4%
autonomous clearing rate due to its dependence on rigid exact-
matching.

5.2 Comprehensive Evaluation: Parameter Sensitivity

To evaluate the robustness of the ROC algorithm, a parameter sen-
sitivity analysis was conducted on the confidence threshold (7).
Modulating 7 from 0.85 to 0.99 revealed a strict inverse relation-
ship between execution scale and financial risk. Lowering 7 to 0.85
increased the autonomous clearing rate to 97.2% but unacceptably
spiked the false autonomous clearance rate to 1.4%, bypassing crit-
ical validation gates. Maintaining 7 > 0.95 was required to keep
false clearances below the target operational risk threshold of 0.5%.
The selected baseline of 7 = 0.99 represents the optimal balance
for zero-trust financial execution.

5.3 Stress Test and Ablation

A stress test degraded shipping-data integrity by 20%. Under
this condition, RPA escalated most cases because exact proof-of-
delivery was missing. LBA+ROC preserved a high autonomous
clearing rate by retrieving alternative evidence, but appropriately
escalated cases when validation predicates failed.

The ablation results show that RAG and deterministic validation
solve fundamentally different problems. Without RAG grounding,
the model loses ERP-specific context and fails to interpret excep-
tions reliably. Without the deterministic validation layer, the model
can propose plausible but unauthorized clearing actions. Safe O2C
autonomy therefore requires both grounded interpretation and de-
terministic control.

5.4 Economic Interpretation

Let R, denote annual credit sales, k. the cost of capital, and A\
the reduction in mean working capital latency. The approximate
working-capital benefit is

AN

ch = %Rakc- (9)

Net economic value is
NEV = Byc+ Sm+ 5. — Co, (10)

where S,,, is manual effort savings, S,. is avoided rework or dispute
cost, and C, is operating and computational inference cost. This
formulation prevents overclaiming: the benefit depends on the ex-
tent to which reconciliation latency, rather than customer payment
behavior, is the dominant cause of delayed settlement.

6. THREATS TO VALIDITY
6.1 Internal Validity

The experiment depends on synthetic ground truth, fixed validation
predicates, and confidence thresholds. Different model prompts, re-
trieval depths, or threshold calibrations may alter the results. The

10
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Table 4. Primary Simulation Results

Metric Manual RPA E2E LLM LBA+ROC
Working capital latency, days 45.2 38.1 32.5 26.2
Reconciliation accuracy 98.2% 85.0% 92.1% 99.8%
Median processing time 240.0 min 15.0 min 2.0 min 1.2 min
Autonomous clearing rate 0.0% 61.4% 78.6% 94.0%
False autonomous clearance 0.0% 0.8% 5.0% 0.1%

Audit evidence completeness 82.5% 88.0% 71.2% 99.1%

Table 5. Stress and Ablation Results

Configuration Accuracy False Clear-
ance

Full LBA+ROC 99.8% 0.1%

Without RAG 64.8% 1.7%

Without validation 96.4% 5.0%

Without escalation 97.1% 3.8%

20% shipping degradation 98.9% 0.3%

study mitigates this by evaluating all methods on the same invoice
population, reporting parameter sensitivity, and detailing ablations.

6.2 External Validity

The dataset represents a Tier-2 aerospace-manufacturing scenario
and may not generalize to retail, healthcare, banking, or public-
sector receivables. Real deployments include ERP customizations,
customer-specific payment behaviors, tax complexities, and incom-
plete interfaces not wholly represented in the simulation.

6.3 Construct and Operational Validity

Working capital latency is a useful O2C measure, but it is not iden-
tical to enterprise DSO in all settings. Customer payment terms,
macroeconomic conditions, and credit risk affect DSO indepen-
dently of reconciliation automation. Furthermore, production op-
erationalization would require secure credentials, immutable audit
logs, rollback procedures, segregation-of-duties controls, and peri-
odic policy review. The proposed architecture is designed to inte-
grate with these controls but is not a substitute for enterprise gov-
ernance approval.

7. CONCLUSION AND FUTURE SCOPE

This paper presented Financial Kinetic Stability as a measurable
objective for reducing O2C working capital latency in brownfield
ERP environments. The proposed Legacy Bridge Architecture uti-
lizes RAG-grounded reasoning to interpret fragmented ERP, bank-
ing, and shipping evidence. Crucially, the ROC algorithm enforces
zero-trust execution by blocking ledger writes unless strict deter-
ministic financial and security predicates are satisfied.

Simulation results and comprehensive evaluations demonstrate that
LBA+ROC reduces working capital latency from 45.2 to 26.2 days
while improving accuracy to 99.8%. The findings formalize a crit-
ical design principle for enterprise automation: while probabilistic
Al models excel at interpreting unstructured operational evidence,
deterministic validation must absolutely govern financial execu-
tion.

Future Scope: The success of this architecture opens several path-
ways for future research and enterprise application:

(1) Multimodal RAG Integration: Future iterations should ex-
plore multimodal models capable of ingesting physical deliv-
ery receipts, handwritten bills of lading, and unstructured email

disputes directly into the evidence tuple (x;) without relying on
fragile OCR middleware.

(2) Federated Learning for Exception Patterns: Research
should investigate federated learning frameworks where multi-
ple enterprises can collaboratively train the reasoning layer on
complex O2C exception patterns without exposing proprietary
pricing, customer data, or internal ledger states.

(3) Continuous Policy Optimization: The static policy set (P)
utilized in this architecture could be dynamically optimized
in future models using reinforcement learning, adjusting tol-
erance thresholds automatically based on historical escalation
feedback loops and seasonal liquidity requirements.
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