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Abstract. Small and medium-sized enterprises (SMEs) increasingly rely on 
ERP-integrated warehouse management systems, yet persistent inconsistencies in 
dimensional-weight calculation, tariff application, and dispute handling continue to 
generate avoidable freight costs and auditability gaps. This study presents a blockchain-
enabled ERP warehouse integration prototype that combines IoT-based dimension capture, 
a machine-learning point-regression service for dimensional-weight reconciliation, 
and a permissioned audit layer for traceability-oriented workflows. The implemented 
prototype links a Node.js ERP/WMS bridge, a synthetic-data XGBoost model using 
the input fields L, W, H, and DF, and a stub-integrated Hyperledger Fabric service for 
measurement, tariff, and dispute events. To improve methodological clarity, the paper 
formalizes the decision layer, defines Freight Cost (c), Risk (c), and Space Penalty (c) 
as deployment-level analytical terms, and reports released training parameters and 
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measured rerun evidence separately from configured scenario indicators. The measured 
rerun confirms that the learning pipeline is reproducible on the synthetic dataset, while 
the scenario package illustrates system-level trade-offs among latency, throughput, 
dispute rate, cost per item, and recovery time. The contribution is strongest at the level 
of ERP/WMS integration architecture, prototype specification, and auditability-oriented 
workflow design for dimensional-weight reconciliation in warehouse operations.
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management, dimensional weight 
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Аннотация. Шағын және орта кәсіпорындар (ШОК) ERP-пен ықпалдасқан 
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қойма менеджменті жүйелеріне көбірек сүйенеді, алайда өлшемді салмақты 
есептеу, тарифтерді қолдану және дауларды өңдеу салаларындағы тұрақты 
сәйкессіздіктер қосымша тасымал шығындары мен аудиттілік тәуекелдерін 
туындатады. Зерттеуде IoT-негізіндегі өлшемдерді тіркеуді, өлшемді салмақты 
салыстыруға арналған машиналық оқыту сервисін және қадағаланатын жұмыс 
үдерістеріне арналған blockchain-аудит қабатын біріктіретін blockchain-қолдауы 
бар ERP қойма интеграциясының прототипі ұсынылады. Іске асырылған 
прототип Node.js негізіндегі ERP/WMS көпірін, L, W, H және DF өрістерін 
пайдаланатын синтетикалық деректердегі XGBoost моделін және өлшемдер, 
тарифтер мен даулар оқиғаларын тіркейтін stub-интеграцияланған Hyperledger 
Fabric қызметін қамтиды. Әдіснамалық айқындық үшін мақалада шешім қабылдау 
қабаты формалданып, FreightCost(c), Risk(c) және SpacePenalty(c) ұғымдары 
deployment-деңгейіндегі аналитикалық терминдер ретінде анықталады, ал оқыту 
параметрлері мен қайта іске қосылған өлшенген нәтижелер бапталған сценарийлік 
көрсеткіштерден бөлек беріледі. Өлшенген rerun нәтижелері оқыту конвейерінің 
синтетикалық деректер жиынында қайта өндірілетінін көрсетеді, ал сценарий 
пакеті кідіріс, өткізу қабілеті, даулар үлесі, бірлік құны және қалпына келтіру 
уақыты арасындағы жүйелік айырбастарды иллюстрациялайды. Зерттеудің негізгі 
үлесі ERP/WMS интеграциясы архитектурасын, прототип спецификациясын және 
қойма операцияларындағы өлшемді салмақты салыстыруға арналған аудиттілікке 
бағытталған жұмыс үдерісін ұсынуда.

Түйін сөздер: машиналық оқыту, блокчейн, ERP жүйелері, қойма 
менеджменті, өлшемді салмақ 
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Аннотация. Малые и средние предприятия (МСП) всё чаще опираются 
на интегрированные с ERP системы управления складом, однако устойчивые 
несоответствия при расчёте габаритного веса, применении тарифов и обработке 
споров по-прежнему приводят к лишним транспортным затратам и пробелам 
в аудируемости. В статье представлен прототип blockchain-поддерживаемой 
интеграции ERP-склада, сочетающий IoT-регистрацию размеров, сервис машинного 
обучения для согласования габаритного веса и разрешённый аудитный слой для 
трассируемых рабочих процессов. Реализованный прототип объединяет мост 
ERP/WMS на Node.js, XGBoost-модель на синтетических данных с входами L, W, 
H и DF, а также stub-интегрированный сервис Hyperledger Fabric для регистрации 
измерений, тарифов и событий споров. Для повышения методологической ясности 
в статье формализован слой принятия решений, а функции Freight Cost (c), Risk 
(c) и Space Penalty (c) заданы как аналитические термины уровня развёртывания; 
параметры обучения и результаты контрольного повторного запуска отделены 
от настроечных сценарных индикаторов. Повторный запуск подтверждает 
воспроизводимость обучающего конвейера на синтетическом наборе данных, 
тогда как сценарный пакет иллюстрирует системные компромиссы между 
задержкой, пропускной способностью, долей споров, стоимостью на единицу и 
временем восстановления. Основной вклад работы состоит в архитектуре ERP/
WMS-интеграции, спецификации прототипа и проектировании аудируемого 
рабочего процесса для согласования габаритного веса в складских операциях.
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Introduction.
Enterprise resource planning (ERP) and warehouse management system 

(WMS) integrations operate at the point where physical measurement, tariff logic, and 
accountability requirements meet. In everyday warehouse practice, inconsistencies 
between device readings, tariff rules, and operator decisions can create avoidable freight 
leakage, delayed reconciliation, and repeated billing disputes.

Blockchain-oriented logistics research has shown that immutable logs and 
contract-based workflows can strengthen provenance and governance, while warehouse 
analytics studies have explored dimensional-weight calculation, measurement capture, 
and operational decision support. Even so, these strands are often treated separately, 
leaving a practical gap between warehouse measurement, ERP execution, and auditable 
dispute handling.

This study addresses the gap by proposing a blockchain-enabled ERP warehouse 
integration prototype that combines IoT-based dimension capture, a machine-learning 
point-regression service for dimensional-weight reconciliation, and a blockchain-
oriented audit layer. The emphasis is on executable integration: how warehouse 
measurements, tariff application, and dispute workflows can be linked in a reproducible 
prototype suitable for SME-oriented deployment scenarios.

The contribution is threefold. First, the study specifies an ERP/WMS integration 
architecture that links measurement capture, tariff application, and dispute workflows 
to an auditable ledger service. Second, it formalizes the implemented learning pipeline 
and the associated decision layer, including explicit definitions for Freight Cost (c), Risk 
(c), and Space Penalty (c). Third, it reconciles measured rerun evidence with configured 
scenario outputs so that tables, figures, and conclusions refer to the same documented 
evidence hierarchy.

Literature Review
As research on blockchain-enabled ERP systems and their warehouse management 

modules has expanded, the literature reflects diverse emphases ranging from traceability 
and quality assurance to ERP integration and warehouse automation.

(Korapati, 2025) and (Moalagh and Ghadi, 2022) emphasize blockchain’s 
capacity to embed immutability, compliance, and smart contracts within ERP workflows, 
thereby enhancing the reliability and automation of enterprise processes. Extending this 
perspective, (Imane et al., 2024) proposed a structured pre-implementation framework 
that underscores the importance of consortium-based adoption and resource alignment to 
ensure effective integration. Complementing these theoretical contributions, (Ilochonwu, 
2024) and (Teodorescu et al., 2021) provide case-based analyses that illustrate both the 
opportunities of blockchain adoption—such as improved traceability and transparency—
and the barriers, including organizational resistance to change, persistent interoperability 
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challenges, and regional variation in state support and IT competencies.
 (Korkusuz et al., 2024) proposed a Quality 4.0 warehouse model that integrates 

process quality metrics with immutable blockchain records, thereby strengthening 
accountability and ensuring data integrity across warehouse operations. Building on 
transactional efficiency, Xu and Lee (2024) designed a blockchain-based warehouse 
sharing mechanism that employs Bayesian algorithms to optimize allocation, though 
their findings indicate persistent scalability concerns. Addressing system-level 
transparency, Hande and Chandak (2024) incorporate blockchain into warehouse 
management systems (WMS) to enhance auditability, while also identifying performance 
bottlenecks that limit operational throughput. Extending these approaches, (Tufano et 
al., 2024) explored machine learning-enhanced digital twins for optimizing warehouse 
operations, demonstrating the potential of simulation-driven decision support, though 
without integrating blockchain-based provenance mechanisms. Further, Ospanov and 
Zhumadillayeva (2025) combined IoT sensors and machine learning to enable intelligent 
warehouse monitoring and predictive oversight. In this respect, the warehouse-focused 
studies by (Jararweh et al., 2025) and Hande and Chandak (2024) are particularly useful 
because they tie dimensional-weight and reconciliation issues to operational system 
design. (Jararweh et al., 2025) propose dimensional weight algorithms that reduce freight 
cost variance, though their models do not incorporate blockchain-based auditability.

(Rahman et al., 2025) and (Kramer et al., 2021) demonstrate blockchain’s 
effectiveness in enhancing traceability for perishable goods, showing how immutable 
records reduce waste and strengthen accountability across agri-food supply chains. 
(Kramer et al., 2021) further emphasize blockchain’s role in improving vertical 
coordination within agri-food networks, highlighting its potential to align stakeholders 
and streamline information flows.

Beyond the security risks noted in the ERP-integration literature, (Butt et al., 
2025) and Moalagh and (Ghadi et al., 2022) identify persistent barriers to blockchain 
adoption at the institutional level, particularly in relation to scalability, privacy, and 
regulatory compliance, underscoring the tension between technological potential and 
organizational constraints. Extending this discussion, (Xu and Lee et al., 2024) and 
(Aleksieva et al., 2024) examine logistics transaction models that leverage blockchain 
for operational efficiency, yet their approaches remain limited by the absence of validated 
key performance indicators (KPIs). From a methodological perspective, (Seelaboyina et 
al., 2025) provide a bibliometric mapping of blockchain research in logistics and supply 
chain management, revealing fragmented approaches and a lack of unified frameworks.

The bibliography thus establishes the relevance of blockchain-ERP integration, 
warehouse traceability, and enterprise workflow governance, but the gap addressed 
in this paper is more specific than broad claims about algorithmic novelty. The most 
relevant prior studies are those that connect implementation concerns measurement 
reconciliation, tariff handling, auditability, and enterprise integration rather than those 
that report standalone optimization gains detached from deployable workflow constraints. 
Together, these strands of work—governance and interoperability challenges from ERP-
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blockchain integration, measurement and reconciliation concerns from warehouse-
focused studies, and traceability demands from supply chain applications—motivate 
an integration-oriented contribution: not a new learning algorithm, but a reproducible 
artifact that makes the interaction among measurement, estimation, tariff application, 
and audit logging explicit.

A second point emerging from the surveyed literature is methodological opacity. 
Many papers discuss integration architectures or optimization benefits at a high level, 
yet provide limited information about runnable artifacts, scenario definitions, model 
training details, or result provenance. For applied ERP and warehouse research, this gap 
matters because practical value depends not only on conceptual soundness but also on 
whether the workflow can be inspected, rerun, and bounded appropriately.

The present study is positioned in that reproducibility-oriented space. Related 
work by Ospanov and Zhumadillayeva (2025) on IoT- and ML-enabled warehouse 
monitoring, and by Ospanov, (Alonso-Jordá et al., 2025) on ERP modernization through 
emerging technologies, helps frame the current prototype as part of a broader enterprise-
systems agenda. Hybrid optimization studies by Ospanov, (Alonso-Jordá et al., 2025) 
further highlight synergies between ERP and ML systems, yet these remain disconnected 
from blockchain provenance frameworks. Here, however, the emphasis is deliberately 
narrower: a recoverable prototype for warehouse measurement reconciliation, 
documented with explicit evidence boundaries.

Materials and Methods
Through the reviewed studies, blockchain technology is consistently associated 

with traceability, compliance, and transparency, while ERP-integration research 
emphasizes governance structures and decision-support workflows. Research on 
warehouse management likewise highlights auditability and quality assurance, yet key 
cost drivers such as dimensional-weight reconciliation and freight-billing control remain 
comparatively underexplored despite their operational significance.

Collectively, the literature shows sustained interest in blockchain for supply-
chain transparency, ERP integration, and warehouse monitoring, but several gaps remain. 
Empirical validation with warehouse-specific key performance indicators (KPIs) is 
still limited; few studies explicitly address freight-cost reconciliation or dimensional-
weight decision support; and hybrid architectures tailored to the needs of small and 
medium-sized enterprises remain underdeveloped. In particular, the joint treatment 
of IoT-enabled dimension capture, ML-supported dimensional-weight estimation, 
and blockchain provenance has rarely been documented through a reproducible ERP-
integrated prototype.

To address these gaps, the present study combines three methodological layers: 
(i) an ERP/WMS bridge for measurement, tariff, and dispute events; (ii) a synthetic-
data XGBoost regression service that supports dimensional-weight reconciliation; and 
(iii) a blockchain-oriented audit layer that records workflow events for traceability and 
governance.

The following sections describe the implemented architecture, the formal decision 
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model, the synthetic-data generation process, the XGBoost training configuration, 
and the evidence package used to separate measured rerun results from deterministic 
scenario-analysis outputs.

System Architecture and Workflow
Figure 1 shows the implemented system boundary recovered from the repository. 

The runtime architecture consists of: (i) a Node.js ERP/WMS bridge exposing 
warehouse, tariff, and dispute endpoints; (ii) an XGBoost-based point predictor with a 
deterministic fallback rule; (iii) a deterministic Fabric stub service used by the backend 
to persist measurements, tariff policies, and disputes during prototype execution; (iv) a 
Go chaincode prototype retained as the blockchain contract source; and (v) CSV-based 
artifact files for synthetic data and scenario outputs.

Fig. 1. Implemented prototype architecture. The runtime backend uses a deterministic Fabric stub for 
auditability-oriented workflows, while the manuscript analysis relies on CSV-based illustrative scenario files rather 

than production blockchain benchmarks.

Figure 2 summarizes the operational workflow. Item data enter through the ERP/
WMS bridge. The learning service returns a point estimate ŷ with explicit prediction 
metadata. The backend then records the event, applies tariff or dispute logic, and exposes 
the resulting state through the API. The present artifact therefore demonstrates workflow 
integration and traceability, not autonomous optimization or independent blockchain 
performance benchmarking.

Fig. 2. Implemented workflow in the released prototype. The predictor provides a point estimate; tariff 
calculation and dispute handling are recorded through the stub-integrated ledger service.

Formal Models and Implemented Method Specification
Notation and Recoverable Variables
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Table 1 defines the symbols used in the implemented prototype. A key correction 
is that the dataset field DF in the repository is a synthetic density factor, not a carrier 
dimensional divisor. The earlier manuscript conflated these concepts, which contributed 
to unsupported dimensional-weight formalism.

Table 1 – Symbols used in the implemented prototype. 
Symbol / field Meaning in the released artifact
L, W, H Length, width, and height captured per item (cm)

d_f / DF Synthetic density factor used by the data generator 
(unitless)

V Item volume, computed as L × W × H (cubic 
centimeters)

y / optimal_weight Synthetic target weight generated for supervision (g)

ŷ Point prediction returned by the XGBoost model or 
fallback rule (g)

S Scenario set: baseline A, baseline B, proposed

L_rec Reconciliation latency recorded in the scenario files 
(s)

T Throughput recorded in the scenario files 
(decisions/s)

E_MAE
Configured kilogram-level MAE field in the 
scenario summary file; distinct from the measured 
rerun MAE summarized in Table 2.

C_item Cost per item reported in the summary file ($)
D Dispute rate reported in the summary file (%)
R_rec Recovery time reported in the summary file (min)

DW_i
Carrier-style dimensional weight derived from 
volumetric rules and tariff rounding (conceptual 
deployment variable).

Δ_i Operator- or policy-selected guard-band around the 
point estimate (conceptual deployment variable).

C_i Candidate decision set for deployment-level choice 
among dimensional and predicted weights.

J_i(c) Deployment-level decision objective combining 
tariff cost, risk, and space penalty.

FreightCost_i(c) Tariff-derived billed transportation cost for 
candidate c under the active schedule.

Risk_i(c) Expected penalty of dispute escalation, underbilling, 
or non-compliance for candidate c.

SpacePenalty_i(c) Operational penalty associated with inefficient 
volume usage, slotting, or excess handling.

L_f
Planning-level confirmation latency for a 
permissioned ledger deployment; not a measured 
runtime output.

	
Problem Formulation
The implemented learning task is a supervised regression problem over synthetic 

warehouse records. For each item, the feature vector is
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                   x_i = [L_i, W_i, H_i, d_f,i].                                                           (1)                                                                                                                 
where L, W, and H are dimensions in centimeters and d_f is the synthetic density 

factor stored in the DF column. The item volume is
        V_i = L_i × W_i × H_i.                                                                             (2)
The repository generator uses this volume to construct the target field optimal_

weight. In its nominal form, the synthetic target is derived from              
y_nominal,i = 0.85 × d_f,i × V_i.                                                          (3)                                                                                                                                             

which yields a weight in grams under the generator’s simplifying assumptions. 
The script then applies bounded perturbations, clipping, and explicit edge-case injections 
for large or small parcels. Consequently, the target used for training is a synthetic 
supervision signal rather than a carrier-invoiced ground-truth label.

Deployment-Level Analytical Extension
For operational use, the choice layer can be expressed through a deployment-

level analytical extension. Let DW_i denote a tariff-derived dimensional-weight 
estimate, ŵ_i the machine-learning point prediction, and Δ_i a policy guardrail:

              C_i = {DW_i, ŵ_i, ŵ_i ± Δ_i}.                                                              (4)                            
For a candidate c ∈ C_i, the deployment-level decision objective combines 

transportation cost, expected dispute or non-compliance risk, and a warehouse space-
utilization penalty:

         J_i(c) = FreightCost_i(c) + λ · Risk_i(c) + μ · SpacePenalty_i(c).                         (5)
Here FreightCost_i(c) denotes the billed transportation cost produced by the 

active tariff and rounding ladder; Risk_i(c) denotes the expected penalty associated 
with underbilling, dispute escalation, or policy non-compliance; and SpacePenalty_i(c) 
denotes the operational penalty associated with volumetric inefficiency, slotting friction, 
or avoidable handling overhead. The conceptual deployment decision is therefore

c_i* = arg min_{c ∈ C_i} J_i(c).                                                                              (6)
The released repository does not benchmark these functions directly. They are 

retained here to make the decision layer explicit and to define the operational meaning 
of the previously ambiguous terms Risk(c), SpacePenalty(c), and FreightCost(c) in a 
deployment-oriented setting.

                          TPS ≈ B / t_b,    L_f = t_b · d_conf.                                                                               (7)
where B is block capacity, t_b is block interval, and d_conf is the confirmation 

depth assumed by the governance policy. These planning expressions are analytical 
aids only; they are not presented as measured outputs of the current artifact.

Synthetic Data Generation
The data generator creates 1,000 synthetic shipment records with the fields id, 

L, W, H, DF, and optimal_weight. Length, width, and height are sampled from bounded 
ranges and coupled through a shared base-size variable so that the dimensions are not 
fully independent. The generator then computes the nominal weight, adds bounded 
variation, clips implausible values, injects large-item and small-item outliers, perturbs a 
subset of density factors, shuffles the rows, and writes the results to synthetic_data.csv. 
The revised script fixes the random seed at 42 and makes the generation logic explicit 
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in the repository.
Learning Model and Training Script
The learning component is implemented as a standard XGBoost point-regression 

script. The released training configuration specifies feature names [L, W, H, DF], target 
optimal_weight, an 80/20 shuffled split, random seed 42, objective reg:squarederror, 
evaluation metrics rmse and mae, num_boost_round = 50, max_depth = 6, eta = 0.1, 
subsample = 1.0, and colsample_bytree = 1.0.

At runtime, the backend uses the trained model when the artifact is available; 
otherwise, it falls back to a deterministic volume-density rule and records the prediction 
source explicitly. This preserves workflow executability even when the Python/XGBoost 
path is unavailable.

Decision Pipeline
Algorithm 1. Prototype decision pipeline.
• Capture item dimensions and optional measured weight through the ERP/WMS 

bridge.
• If weight is not supplied, compute a point estimate using the XGBoost model 

or a deterministic fallback rule.
• Record the measurement event through the stub-integrated blockchain service.
• Apply stored tariff policies using weight-, volume-, or item-based rules.
• Create or update disputes when an operator or auditor flags a discrepancy.
• Aggregate configured scenario indicators from the canonical CSV outputs for 

manuscript reporting.
Measurement Integrity and Calibration Boundaries
The repository records measurements, timestamps, and dispute events, but it 

does not contain calibration certificates, drift logs, or secure device-attestation records. 
Accordingly, calibration is treated as a deployment requirement rather than as an 
empirically validated property of the current prototype.

Blockchain and Governance Scope
The runtime backend does not benchmark a live multi-organization Fabric 

deployment. Instead, it uses a deterministic stub service to support item recording, 
tariff creation, tariff calculation, dispute creation, and dispute resolution workflows. 
The blockchain-oriented contribution is therefore governance and auditability-oriented 
rather than a production-scale performance benchmark.

Experimental Results
Measured ML rerun
The released XGBoost workflow was rerun exactly as documented in 

optimization/train.py, the model artifact was regenerated, and the split and parameter 
metadata persisted in optimization/model_metadata.json. Table 2 summarizes the rerun 
metrics together with a deterministic rule-based comparator recovered from the data 
generator.

The rerun results show that the XGBoost surrogate is reproducible on the 
synthetic dataset, but they also reveal an important boundary condition: a deterministic 
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clamped rule recovered from generate_expanded_data.py remains materially stronger 
than the learned model on the same synthetic labels. This indicates that the present target 
encodes hand-crafted generator logic more strongly than unknown warehouse behavior.

Across five additional shuffled split seeds, as shown in Figures 3 and 4, XGBoost 
test MAE averaged 3.85 ± 0.42 g and test RMSE averaged 22.36 ± 4.16 g. These 
stability checks support reproducibility of the training path on the synthetic dataset, but 
they should not be interpreted as validation on live warehouse measurements or carrier 
billing records.

Table 2 – Rerun metrics and rule-based comparator.
Method Evaluation setting MAE (g) RMSE (g) R² / note
XGBoost Seed-42 test split 5.70 30.60 R² = 0.950
Rule-based comparator Same test split 0.045 — Deterministic generator rule
XGBoost 5 extra shuffled seeds 3.85 ± 0.42 22.36 ± 4.16 Mean ± SD

Fig. 3–4. Measured rerun plots: observed versus predicted synthetic-target values on the seeded test split, 
and test-set MAE/RMSE across five additional shuffled split seeds.

Prototype Execution Trace
Explicit API traces were also captured for both runtime modes exposed by the 

backend. When the Python environment lacks the XGBoost dependency, the health and 
optimize endpoints report source = volume_density_fallback while keeping the ledger 
workflow operational. When the backend is launched with an XGBoost-enabled Python 
runtime, the same endpoints report source = xgboost_model. The Jest API suite passed 
in XGBoost-enabled mode with 13/13 tests covering item capture, optimization, tariffs, 
disputes, health reporting, and service-unit behavior. These traces strengthen confidence 
in prototype executability, but they do not change the fact that the blockchain layer 
remains a deterministic stub and that the measured ML evidence is still synthetic-data 
evidence rather than warehouse-field validation.

In Figure 5, the traces demonstrate that the ledger workflow remains operational 
in both modes (stub blockchain service). Panel A compares the health endpoint under 
fallback and XGBoost-enabled execution modes, showing that the blockchain service 
remains in stub mode while the prediction source changes from volume_density_fallback 
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to xgboost_model. Panel B compares optimize-endpoint outputs for the same sample 
parcel, illustrating source switching at execution time. This figure documents prototype 
executability rather than benchmark performance.

Fig. 5. Prototype runtime-mode evidence from captured API traces

Illustrative Scenario Design
The repository defines three illustrative scenario labels in demo/scenario_config.

json: baseline A (ERP-only), baseline B (on-chain tariff/dispute workflow without 
the proposed ML-assisted positioning), and the proposed scenario (ML-assisted + 
blockchain-audited prototype). The scenario files are generated deterministically from 
this configuration and written to results_kpi.csv and summary_results.csv. In this 
manuscript, summary_results.csv is treated as the canonical source of truth for the 
illustrative scenario package, not as an empirical benchmark file.

Configured Indicators.
The scenario-analysis package tracks six configured fields already present in 

the repository outputs: reconciliation latency, throughput, mean absolute error (MAE), 
cost per item, dispute rate, and recovery time. These values are deterministic scenario 
outputs. They are not production telemetry, statistical confidence intervals, or live 
blockchain benchmarks. In particular, the MAE field in the scenario files is retained as 
an illustrative configuration variable and should not be read as a persisted evaluation 
result for the rerun XGBoost artifact summarized in Table 2.

Configured Scenario Summary.
The repository-level scenario summaries reconcile the manuscript with the stored 

scenario files. These outputs are deterministic scenario means over 1,000 synthetic 
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records and are retained only as illustrative configuration values rather than as empirical 
benchmark measurements. Within these configured scenarios, the proposed workflow 
is assigned lower dispute, cost, and recovery values than the heavier on-chain baseline, 
while the ERP-only scenario remains fastest because it excludes governance overhead.

Table 3 – Configured scenario summary from summary_results.csv (illustrative 
deterministic outputs).
Scenario Latency (s) Throughput MAE (g) Cost/item ($) Dispute rate (%) Recovery (min)
Baseline A 0.52 ± 0.06 119.86 2.116 0.00205 2.30 3.50
Baseline B 2.04 ± 0.20 44.97 2.116 0.05005 2.30 4.20
Proposed 1.48 ± 0.13 58.09 0.762 0.01005 0.40 1.80

Note: scenario-derived outputs from summary_results.csv; illustrative repository 
summaries, not empirical benchmark measurements.

Illustration in Figure 6 indicates that each point represents one illustrative scenario 
summary, positioning latency against throughput while preserving the configured 
differences in dispute exposure and operating cost. These values are scenario-derived 
configuration outputs rather than empirical benchmark measurements.

Fig. 6. Configured scenario trade-offs derived from the canonical repository scenario files.

Discussion
The study shows that ERP-integrated warehouse reconciliation can be described 

and evaluated more clearly when the architecture, learning module, and audit workflow 
are reported together rather than in isolation. The prototype demonstrates a coherent 
integration path from measurement capture to tariff application and dispute handling, 
and the rerun evidence confirms that the released training pipeline is executable on the 
synthetic dataset.

At the same time, the results draw a clear methodological boundary. XGBoost 
provides stable synthetic-data performance, but the deterministic rule recovered from 
the generator remains stronger on the current labels, indicating that the present learning 
task is best understood as a reproducible surrogate rather than as proof of superior 
predictive intelligence for live warehouse billing data. The scenario package is therefore 
most useful as an illustrative systems comparison, not as a live benchmark.

Taken together, these findings support the paper’s main value proposition: a 
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illustrative scenario package, not as an empirical benchmark file.
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the repository outputs: reconciliation latency, throughput, mean absolute error (MAE), 
cost per item, dispute rate, and recovery time. These values are deterministic scenario 
outputs. They are not production telemetry, statistical confidence intervals, or live 
blockchain benchmarks. In particular, the MAE field in the scenario files is retained as 
an illustrative configuration variable and should not be read as a persisted evaluation 
result for the rerun XGBoost artifact summarized in Table 2.
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scenario files. These outputs are deterministic scenario means over 1,000 synthetic 
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blockchain-enabled ERP warehouse integration framework that makes measurement 
reconciliation, tariff governance, and dispute workflows inspectable at prototype level. 
For research, the contribution lies in combining IoT-oriented measurement logic, ML-
supported reconciliation, and blockchain auditability in one formalized workflow. For 
practice, the prototype clarifies what would be required to move from synthetic evidence 
toward calibrated field deployment.

Limitations and Threats to Validity.
Several Limitations. 
First, the supervision target is synthetic and derived from generator assumptions 

rather than from carrier billing records. Second, the DF field in the dataset denotes a 
synthetic density factor used by the generator; it is not a carrier divisor recovered from 
operational billing systems. Third, the blockchain layer is represented by a deterministic 
stub rather than by a live multi-organization Fabric benchmark. Fourth, the scenario 
files are configured outputs rather than naturally occurring warehouse telemetry.

These constraints define the main threats to validity. Construct validity is 
limited because the scenario package represents configured indicators rather than direct 
operational telemetry. Internal validity is bound by the synthetic target-generation 
logic. External validity is limited by the absence of calibrated field devices, carrier 
billing records, and live multi-party deployment conditions. Even so, the manuscript is 
reproducible at prototype level and makes its evidence boundaries explicit.

Conclusion.
This study develops and analyzes a blockchain-enabled ERP warehouse 

integration prototype for dimensional-weight reconciliation and auditability-oriented 
workflow support. The paper contributes an integrated architecture linking IoT-oriented 
measurement capture, an XGBoost-based point-regression module, and a blockchain-
governed dispute and tariff workflow, while also clarifying the analytical decision layer 
through explicit definitions of FreightCost(c), Risk(c), and SpacePenalty(c).

The reported evidence supports a careful conclusion. The learning pipeline 
is reproducible on the synthetic dataset, the prototype runtime is executable in both 
fallback and XGBoost-enabled modes, and the configured scenario package provides 
a coherent illustration of latency, throughput, dispute-rate, cost, and recovery trade-
offs. At the same time, the study does not claim live warehouse validation, carrier-
ground-truth supervision, or production-scale blockchain benchmarking. Future work 
should therefore focus on calibrated field data, carrier billing records, and live multi-
organization deployment to test the proposed framework under operational conditions.
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