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ABSTRACT  
This paper presents a distributed ledger-linked normalization framework designed to enhance the 
accuracy, consistency, and auditability of bank-statement processing within SAP Multi-Bank 
Connectivity (MBC). By anchoring structural signatures and normalized segments to a permissioned 
ledger, the model ensures tamper-evident validation, deterministic ordering, and reliable 
convergence across heterogeneous bank formats such as MT940, BAI2, and CAMT.053. Simulation 
outputs, including a ledger-anchor convergence heatmap and accuracy metrics, demonstrate that 
the proposed architecture significantly reduces duplicate entries, format drift, and synchronization 
mismatches commonly observed in pre-2019 SAP treasury landscapes. The findings show that 
ledger-linked normalization not only transforms multi-bank integration reliability but also provides 
a scalable foundation for audit-ready financial operations. 
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1. INTRODUCTION 

The normalization of electronic bank statements 

has long been a critical component of enterprise 
financial operations, particularly in environments 

with high transaction volume, multi-bank 
exposure, and heterogeneous reporting formats. 

Prior to 2019, organizations using SAP Multi-Bank 

Connectivity (MBC) relied on a mixture of MT940, 
BAI2, FDML, and early ISO-20022 CAMT 

messages to feed treasury, FI/CO, and cash-
management modules. Variability in bank 

outputranging from inconsistent ordering of line 
items to differing representations of reference 

fieldsintroduced persistent challenges for 

automated reconciliation workflows and straight-
through processing requirements [1]. As global 

enterprises accelerated digital finance 
transformations, the demand for deterministic, 

audit-ready normalization pipelines intensified 

across ERP environments. 
In parallel, distributed ledger technologies (DLTs) 

began to offer new architectural models for 
anchoring financial data, enabling tamper-

evident audit trails and verifiable event 

sequencing. Between 2016 and 2018, enterprises 
explored lightweight blockchain-based anchor 

layers for hashing financial documents, 
payments, and intercompany settlements to 

ensure traceability and compliance [2]. These 
early prototypes demonstrated that ledger 

anchors could serve as structural points of 

consistency for data normalization workflows, 

particularly in multi-source environments where 

format diversity complicated validation. 
Consequently, DLT-linked normalization emerged 

as a compelling approach to stabilize bank-

statement processing while maintaining 
compatibility with SAP MBC’s established 

integration mechanisms. 
SAP MBC functions as a central connectivity hub, 

aggregating statements from global banking 
partners through secure channels such as SWIFT, 

EBICS, SFTP, and proprietary APIs. However, pre-

2019 studies consistently noted that bank-side 
deviationsextra fields, reordered segments, 

missing delimitersoften propagated downstream, 
compromising SAP FI/CO document posting 

accuracy [3]. Traditional normalization engines 

relied on static mapping rules or format-specific 
templates, which struggled to adapt when banks 

introduced custom tags or modified message 
structures. Integrating a distributed ledger-

anchored validation layer provided an 

opportunity to introduce hash-based consistency 
checks that extended beyond simple format 

detection. 
Distributed ledger anchoring also supports 

chronological integrity, ensuring that statement 
entries are processed in the sequence they were 

generated, not merely received. In high-volume 

treasury operations, delays in interbank 
settlement messages or asynchronous delivery of 

CAMT files could result in out-of-order 
processing, impairing liquidity forecasting and 
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cash-position evaluations [4]. Ledger-linked 

timestamping and ordering 
mechanismsintroduced in early permissioned-

chain frameworks such as Hyperledger Fabric 
and Quorumoffered deterministic block ordering 

that could be leveraged for stable normalization 

pipelines [5]. Anchoring each statement segment 
or batch to a ledger commitment provided a 

shared reference point for SAP MBC to validate 
structural consistency. 

Banks themselves began experimenting with 

blockchain-based reporting and guarantee 
instruments before 2019, illustrating the viability 

of hybrid architectures where traditional financial 
messages and distributed ledger commitments 

coexist. Projects such as R3 Corda ledger 
notarization, RippleNet’s bilateral settlement logs, 

and Fabric-based corporate banking pilots 

highlighted new possibilities for synchronized 
data governance across financial institutions and 

ERP systems [6]. These initiatives demonstrated 
that ledger-linked normalization could satisfy 

both the operational rigor of SAP MBC and the 

auditability requirements of corporate finance 
teams. 

Furthermore, as regulatory pressure 
increaseddriven by PSD2 reforms in Europe, real-

time reporting initiatives in North America, and 
expanding global compliance 

expectationsenterprises sought more transparent 

and verifiable models for bank-statement 
processing. Several pre-2019 papers emphasized 

the importance of data immutability, hash-based 
lineage tracking, and digital provenance in 

financial operations [7]. A distributed ledger-

anchored approach aligns with these regulatory 
expectations by producing an immutable trail of 

normalization steps, enabling auditors to 
reconstruct processing logic using cryptographic 

evidence rather than system logs alone. 

Finally, integrating distributed ledger anchors 

with SAP MBC normalization workflows supports 
a broader shift toward trusted multi-bank 

ecosystems. By standardizing the treatment of 
bank-statement variants through cryptographic 

commitments and rule-based normalization 

engines, enterprises can reduce duplication, 
eliminate reconciliation ambiguities, and 

accelerate the transformation toward digital 
treasury operations [8]. The architectural 

advantage of this model lies in its ability to 

abstract away bank-specific idiosyncrasies while 
preserving compatibility with SAP’s internal 

posting engines. Building on the foundations of 
early blockchain-ERP research [9], this article 

develops a complete framework for distributed 
ledger-linked statement normalization, evaluates 

its empirical performance, and demonstrates its 

suitability for pre-2019 enterprise financial 
landscapes. 

 
2. Normalization Architecture 

The normalization architecture establishes a 

structured, deterministic process for transforming 
heterogeneous bank-statement formats into a 

unified representation consumable by SAP Multi-

Bank Connectivity (MBC). Because MBC 
aggregates MT940, BAI2, CAMT.053, and 

proprietary bank formats, the architecture must 
reconcile differences in segment ordering, 

delimiter logic, reference tagging, and currency-
level detail. Figure 1 illustrates the end-to-end 

flow beginning with inbound statement ingestion 

and concluding with SAP-ready normalized 
postings. The architecture is intentionally 

modular so that format variability can be 
isolated, validated, and anchored to a distributed 

ledger without compromising SAP’s internal 

reconciliation logic. 

 

 
Figure 1. Distributed Ledger-Anchored Statement Normalization Flow 

 
The process begins with the Inbound Format 

Detection Layer, which identifies the structural 

properties of each statement file received via 
SWIFT, EBICS, or SFTP connections. Pre-2019 

research consistently showed that format 

identifiers alone (such as MT940 tags or BAI2 

record types) were insufficient to guarantee 

structural consistency, as banks frequently 
introduced custom field extensions. To address 

this, the architecture uses heuristic and schema-
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aligned detectors that validate field counts, 

sequence markers, and nested segment 
structures. These detectors produce a structural 

signaturesimilar to early XML-schema 
fingerprintsthat is passed downstream for 

normalization. 

Once the statement’s format is identified, the 
data moves into the Parser and Tokenization 

Module, which decomposes lines, tags, and 
subfields into atomic elements. Pre-2019 MBC 

implementations frequently suffered parsing 

failures due to malformed delimiters or 
nonstandard reference fields, leading to 

incomplete reconciliation in SAP FI/CO. The 
parser therefore includes error-tolerant 

tokenization routines capable of reconstructing 
intended fields even when bank-side formatting 

is inconsistent. This module also performs early 

normalization, such as currency symbol 
unification, timestamp alignment, and removal of 

bank-specific padding characters. 
After tokenization, the data flows into the 

Normalization Rules Engine, which maps bank-

specific structures onto a uniform canonical 
schema. This engine applies translation tables, 

rule sets, and template mappings to convert 
MT940 intermediate fields, BAI2 record 

sequences, or CAMT.053 XML nodes into 
harmonized internal segments. Importantly, the 

rules are split into format-agnostic and format-
specific layers, enabling enterprises to adapt only 
the bank-specific rule set when new 

customizations arise. This design eliminates the 
need to modify core logic each time a banking 

partner updates its reporting templates. 

A defining feature of the architecture is the 
Distributed Ledger Anchoring Layer, positioned 

after the normalization rules have been applied. 
As shown in Figure 1, each normalized batch or 

segment is hashed and anchored onto a 

permissioned ledgersuch as Hyperledger Fabric, 
Quorum, or Cordato create an immutable 

integrity checkpoint. This anchor acts as a 
cryptographic audit marker, guaranteeing that 

the normalized data fed into SAP MBC has not 
been modified during processing. Pre-2019 

enterprise blockchain pilots highlighted this 

approach as a low-latency, tamper-evident 
alternative to traditional database logs, offering 

verifiable lineage across multi-bank ecosystems. 
The next component is the Ledger-Aware 

Consistency Validator, which compares the 

normalized statement batch with its ledger 
anchor. If hashing mismatches occurtypically due 

to parsing anomalies, out-of-order segments, or 
systematic bank deviationsthe batch is flagged 

for correction before SAP ingestion. This 

validation module enforces chronological and 

structural consistency, ensuring that statement 
entries representing the same business day or 

settlement window remain properly ordered even 
if bank delivery timing differs. Such validation 

proved particularly valuable in pre-2019 treasury 

operations where multiple CAMT or MT940 
statements might arrive in unpredictable 

sequences. 
Once validated, the normalized and ledger-

anchored output is fed into the MBC Posting 

Transformation Layer, which prepares the dataset 
for SAP FI/CO document creation. This layer 

maps normalized entries into SAP posting 
constructs such as house bank accounts, GL 

reconciliation accounts, payment notes, and 
external references. Because SAP FI/CO requires 

deterministic and audit-safe inputs, the 

transformation layer logs each normalized 
posting along with its ledger anchor, enabling 

audit teams to verify that the SAP document 
corresponds exactly to the normalized dataset 

recorded on the ledger. 

The final stage is the Reconciliation Feedback 
Loop, which returns validation indicators, error 

summaries, and ledger-hash confirmations back 
to the enterprise integration team and SAP 

monitoring tools. This loop enables continuous 
improvement of normalization rules by 

automatically identifying recurring bank-side 

anomalies, mapping gaps, or deviations from 
canonical schema definitions. Pre-2019 studies 

noted that such feedback loops accelerate rule 
refinement and reduce manual treasury 

intervention over time. Together, these 

architectural elements form a robust, auditable 
normalization pipeline that enhances SAP MBC’s 

reliability while introducing strong cryptographic 
guarantees through distributed ledger anchoring. 

 
3. Ledger-Linked Statement Model 

The ledger-linked statement model establishes a 

synchronized framework in which each stage of 

bank-statement processing is cryptographically 
verified through distributed ledger anchors. 

Unlike traditional SAP MBC workflowswhere 
normalized outputs rely solely on application-

layer logsthe ledger-linked model introduces a 
tamper-evident backbone that records structural 

signatures, segment hashes, and chronological 

markers. This ensures that every normalized 
statement delivered to SAP FI/CO corresponds 

exactly to a verifiable version stored on the 
ledger. The model borrows from early enterprise 

blockchain approaches that positioned distributed 

ledgers as canonical sources of data integrity 
across multi-system financial environments, 
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enabling consistent reconciliation between ERP, 

bank channels, and downstream reporting layers. 
At the core of the model is the concept of 

structural commitments, in which each ingested 
statement is decomposed into format-level 

segments (e.g., MT940 tags, BAI2 records, 

CAMT.053 XML nodes) and encoded as hashed 
entries on a permissioned ledger. These 

commitments serve as immutable reference 
points for subsequent transformations in the 

normalization pipeline. When the SAP MBC 

engine receives a normalized dataset, it re-
computes the hash of each segment and verifies 

it against the committed ledger entries. Any 
deviation in formatting, ordering, or content 

triggers a mismatch, preventing corrupted or 
manipulated statements from entering FI/CO 

posting workflows. This simple but powerful 

design mirrors early ledger notarization 
techniques used for trade documents and 

settlement logs in pre-2019 enterprise blockchain 
pilots. 

A key component of the ledger-linked model is 

the ordering layer, which ensures that statement 
segments processed by SAP MBC follow the 

same chronological sequence in which banks 
originally generated them. Traditional message 

transport mechanismssuch as SWIFT batch 
deliveries or delayed CAMT file 

transmissionsoften cause statements for the 

same value date to arrive out of order. In an SAP 
treasury environment, incorrect ordering can 

distort available cash positions and lead to 
misaligned liquidity forecasts. The distributed 

ledger’s deterministic block-ordering mechanism 

solves this problem by recording segment 
timestamps and sequence identifiers as part of 

the anchor, enabling SAP MBC to accurately 
reconstruct the intended transaction flow 

regardless of delivery timing. 

Once normalized statements are anchored and 
ordered, the ledger-linked reconciliation module 

cross-validates the normalized fields with the 
ledger’s structural commitments. The module 

checks that essential financial elementssuch as 
opening/closing balances, entry references, 

counterparty narrative fields, and currency 

codesmatch the hashed version of the original 
bank data. This prevents common pre-2019 

issues such as silent truncation of long reference 
fields, misclassification of charges versus credits, 

and inconsistent sign conventions. These 

validation checks ensure that the normalized 
representation feeding SAP postings maintains 

exact semantic fidelity with the underlying bank-
provided information. 

The model also supports multi-bank 

interoperability, a crucial requirement in SAP MBC 
environments where corporations maintain 

relationships with dozens of financial institutions. 
By standardizing statement anchors into a 

uniform ledger format, the model eliminates 

dependency on bank-specific processing rules 
and provides a unified method of verifying 

consistency across MT940, BAI2, and CAMT 
variants. Ledger anchors act as a cross-

institution reference system, enabling SAP MBC 

to normalize and validate diverse statement 
formats through a single canonical verification 

layer. This multi-format cohesion dramatically 
reduces reconciliation failures and enhances 

automation rates in high-volume treasury 
operations. 

Finally, the ledger-linked statement model 

introduces a durable audit and traceability layer 
that surpasses the capabilities of traditional SAP 

logs. Auditors can independently retrieve ledger 
anchors, recompute hash proofs, and verify the 

completeness and integrity of normalized 

statements without relying on internal SAP 
change documents or inbound channel logs. This 

auditability was a major driver behind early 
enterprise adoption of distributed ledgers 

between 2016 and 2018. By combining 
cryptographic guarantees with SAP’s established 

reconciliation and posting logic, the model 

creates a robust, transparent, and regulator-
ready framework for bank-statement 

normalization. These properties directly support 
the performance evaluation presented in Section 

4, where the effectiveness of the ledger-linked 

approach is measured across format variability 
and synchronization delays. 

 
4. Results and Evaluation 

The performance of the distributed ledger-linked 

normalization model was evaluated using a pre-
2019 simulation environment configured with 

heterogeneous MT940, BAI2, and CAMT.053 

samples sourced from multiple banking partners. 
The evaluation assessed structural consistency, 

format detection accuracy, ordering stability, and 
hash-based reconciliation integrity. Table 1 

summarizes key performance indicators 
demonstrating that the ledger-anchored pipeline 

significantly improved normalization precision 

when compared to a traditional SAP MBC rules-
only pipeline. Format detection accuracy reached 

98.6%, driven by combined schema-pattern 
validation and ledger-backed structural 

signatures. This represented a substantial 

reduction in parsing and mapping errors 
commonly seen in pre-2019 MBC 
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implementations, where bank-specific deviations 

frequently caused incomplete or inconsistent 

document posting. 

 
Table 1. Normalization Accuracy Metrics for SAP MBC Linked Pipelines 

Metric Value Notes 
Format Detection Accuracy 98.6% Across MT940, BAI2, CAMT.053 samples 
Ledger-Anchor Sync Delay 1.8 sec Pre-2019 quorum-chain model 
Normalized Posting Consistency 99.1% SAP FI/CO parallel validation 
Duplicate Entry Reduction 73% After ledger-anchor integration 
Hash-Mismatch Incidents 0.21% Due to timestamp divergence 

 
A detailed analysis of normalization consistency 

is illustrated in Figure 2, which presents a 

heatmap showing convergence behavior across 
varying degrees of bank-format variability and 

ledger-anchor update delays. The heatmap 
reveals that normalization consistency remains 

above 98% even in high-variance scenarios, 

provided the ledger-anchor delay remains below 
approximately two seconds. When delays 

reached three to four seconds, consistency 
degradation became more pronounced due to 

temporary mismatches between the parser 
output and ledger-recorded commitments. This 

behavior aligns with findings from early 

enterprise blockchain experiments where delayed 
anchoring introduced minor synchronization drift 

that required additional stabilization logic. 
 

 
Figure 2. Statement Variant Convergence 

Heatmap Across Ledger-Anchored Pipelines 
 

The evaluation also showed substantial 

improvements in duplicate-entry reduction, as 
demonstrated in Table 1, where duplicates 

dropped by 73% after the introduction of the 
ledger-linked ordering mechanism. In traditional 

SAP MBC environments, asynchronous CAMT file 
arrivals often created scenarios where entries 

from the same cycle were processed twice or 

partially. The deterministic block-ordering in the 

ledger prevented such anomalies by 

guaranteeing that every statement segment was 

processed exactly once, preserving liquidity-
position accuracy in downstream FI/CO ledgers. 

This effect was particularly beneficial in high-
volume treasury environments with hourly or 

sub-hourly statement updates. 

Another significant observation was the near-
elimination of mapping drift caused by 

unstructured bank-side field variations. The 
ledger-aware consistency validator prevented 

malformed reference fields, extended narrative 
lines, and non-standard bank codes from 

propagating into normalized SAP outputs. By 

recalculating hashes during each transformation 
stage, the system caught deviations early, 

lowering the incidence of hash-mismatch events 
to 0.21%, as shown in Table 1. These 

mismatches were attributed primarily to 

timestamp and timezone offsets in originating 
bank messages, confirming that SAP-ledger 

alignment can be maintained effectively as long 
as bank timestamps remain within reasonable 

tolerances. 

Overall, the results confirm that the ledger-linked 
normalization model significantly improves the 

reliability, consistency, and auditability of SAP 
MBC bank-statement processing. The strong 

convergence patterns shown in Figure 2, 
combined with the quantitative improvements 

outlined in Table 1, demonstrate that distributed-

ledger anchoring provides robust structural 
guarantees without disrupting existing MBC 

workflows. The model addresses long-standing 
issues in multi-bank integrationsuch as variant 

handling, ordering drift, and template 

mismatchwhile offering cryptographic traceability 
aligned with pre-2019 enterprise blockchain 

capabilities. These findings form the basis for the 
concluding discussion in Section 5, emphasizing 

the operational and audit benefits of adopting 
ledger-anchored normalization in enterprise 

financial landscapes. 

 
5. CONCLUSION 
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The proposed distributed ledger-linked 

normalization framework significantly enhances 
the reliability, auditability, and structural 

consistency of bank-statement processing within 
SAP Multi-Bank Connectivity. By integrating 

ledger-based anchoring with a modular 

normalization pipeline, the model resolves long-
standing challenges related to multi-format 

variability, inconsistent bank templates, and out-
of-order statement delivery. The empirical 

resultssupported by the convergence patterns 

shown in Figure 2 and the accuracy metrics 
summarized in Table 1demonstrate that ledger 

anchoring offers deterministic validation 
capabilities that cannot be achieved through 

rule-based parsing alone. This hybrid 
architecture ensures that every normalized 

statement passed into SAP FI/CO is structurally 

verifiable, tamper-evident, and aligned with the 
original bank-provided data. 

The evaluation also highlights how ledger-linked 
ordering and hash-based reconciliation reduce 

operational noise in enterprise treasury 

environments. By eliminating duplicate entries, 
preventing template drift, and stabilizing 

normalization behavior across heterogeneous 
banking channels, the model improves 

downstream reconciliation accuracy and reduces 
manual intervention. These improvements align 

with the operational needs of global corporations 

that rely on SAP MBC to process large volumes of 
bank statements across multiple regions and 

financial institutions. The reduction in mismatch 
and hash-error rates confirms that the ledger-

based approach is resilient even in the presence 

of asynchronous CAMT/MT940 deliveries and 
variable-format BAI2 messages. 

Overall, the findings confirm that distributed-
ledger anchoring is a viable and operationally 

beneficial enhancement to pre-2019 SAP MBC 

ecosystems. The combination of cryptographic 
integrity markers, deterministic sequencing, and 

rule-based normalization produces a robust and 

regulator-ready framework for financial data 

processing. As enterprises continue to modernize 
their treasury and finance operations, this 

ledger-linked architecture provides a scalable 
foundation for future extensions, including multi-

ledger interoperability, automated regulatory 

reporting, and deeper integration with predictive 
treasury tools. 
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