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transformation validation, and lineage tracking. SAP SLT and SAP Data Services support data
integration, while GCP provides scalable processing, storage, orchestration, and monitoring. SAP
Analytics Cloud (SAC) and SAP BusinessObjects serve as analytical layers for validating reporting
accuracy. The proposed framework enables continuous data validation, faster exception
identification, improved auditability, and reduced manual effort, providing a scalable foundation
for trustworthy SAP-to-cloud analytics and enterprise data governance.
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1. Introduction

Enterprise organizations increasingly depend on integrated data platforms to support operational decision-making, financial
reporting, customer analytics, supply-chain optimization, and regulatory compliance. SAP S/4HANA commonly acts as a core
transactional platform, maintaining business-critical information related to finance, sales, procurement, manufacturing, inventory, and
enterprise operations. SAP BW/4HANA provides an enterprise data-warehouse environment for analytical consolidation, historical
analysis, semantic modeling, and reporting. At the same time, cloud adoption has encouraged organizations to replicate or extend SAP
datasets into platforms such as Google Cloud for large-scale analytics, machine learning, data engineering, and modern cloud-native
applications.

This heterogeneous architecture introduces an important data-management problem: the same business information may exist
simultaneously in several platforms, but it may not be represented identically. A sales transaction originating in S/4HANA can pass
through SLT or another extraction mechanism, undergo transformations through SAP Data Services or an equivalent integration layer,
be persisted in BW/4HANA, and subsequently be replicated or exported to Google Cloud. Business users may finally consume the
resulting information through SAP Analytics Cloud or SAP BusinessObjects. At each stage, records may be filtered, transformed,
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aggregated, enriched, delayed, duplicated, or rejected. Consequently, the existence of successful data-transfer jobs does not necessarily
guarantee that the destination contains the correct business information.

Traditional reconciliation commonly relies on manually comparing source and target reports, spreadsheet calculations, database
queries, and operational logs. Such approaches may be acceptable for small datasets, but they become increasingly impractical when
data volumes reach millions or billions of records. Manual validation also tends to focus on record counts and selected totals while
overlooking key-level inconsistencies, transformation errors, duplicated records, missing records, and temporal mismatches.

Data quality research has consistently emphasized dimensions such as accuracy, completeness, consistency, timeliness, and
validity as fundamental requirements for trustworthy information systems (Batini & Scannapieco, 2016). In enterprise environments,
however, data quality must also be evaluated in relation to data movement. A dataset can be internally valid in the target platform
while still being inconsistent with its authoritative source. Reconciliation therefore represents a specialized form of cross-system data-
quality assurance.

The objective of this research is to propose an automated reconciliation framework capable of validating data across SAP
S/4HANA, SAP BW/4HANA, and Google Cloud. The framework extends conventional reconciliation by combining business-key
validation, aggregate comparison, hash-based verification, metadata-driven rules, transformation-aware validation, lineage
information, and automated exception management.

The principal research objectives are:

To design a scalable reconciliation architecture for SAP S/4HANA, SAP BW/4HANA, and GCP.

To establish multiple levels of automated reconciliation rather than relying exclusively on record counts.
To integrate data lineage and transformation metadata into reconciliation decisions.

To classify and prioritize reconciliation exceptions automatically.

To provide a framework suitable for SAP analytics and cloud-based reporting environments.

YV VVVYY

The contribution of the research lies in treating reconciliation as a continuous architectural capability rather than as an isolated
post-load verification activity.

2. Literature Review
2.1. Enterprise Data Integration and SAP-Centric Architectures
Enterprise integration platforms are designed to move information between heterogeneous systems while preserving business
meaning and operational reliability. SAP's modern data architecture supports the integration of transactional and analytical
environments through technologies including SAP S/4HANA, SAP BW/4HANA, SAP Data Services, SLT, and SAP Analytics Cloud. SAP
BW/4HANA is specifically designed for enterprise data warehousing and analytical workloads, providing modeling and integration
capabilities for enterprise information (SAP, 2024).

The separation between operational processing and analytical processing creates a natural requirement for data
synchronization. S/4HANA contains transactional truth at the operational level, whereas BW/4HANA commonly provides consolidated
and historically organized analytical datasets. When Google Cloud is introduced, another analytical representation may be created. This
creates a chain of dependencies in which an error in an upstream extraction process can propagate to several downstream applications.

SLT provides a mechanism for real-time or near-real-time replication scenarios from SAP systems and can therefore reduce the
latency between source and target environments. However, replication itself does not constitute complete reconciliation. A technically
successful replication job indicates that a process executed successfully, but it does not prove semantic equivalence between source and
target data.

2.2. Data Quality and Reconciliation
Data-quality literature identifies accuracy, completeness, consistency, conformity, uniqueness, and timeliness as major
dimensions of trustworthy enterprise data (Batini & Scannapieco, 2016). Reconciliation builds upon these dimensions by comparing

31



"Raja Ganesan & Bhuvaneshwari [2026] Automated Data Reconciliation Framework for SAP S/4HANA, SAP BW/4HANA, and
Google Cloud Platforms

representations of information across systems. For example, completeness can be measured through source-target record counts, while
consistency can be examined through aggregated financial amounts or business-key comparisons.

Wang and Strong (1996) established the importance of multidimensional data-quality perspectives by demonstrating that users
evaluate information according to intrinsic, contextual, representational, and accessibility characteristics. In a hybrid SAP-cloud
environment, these dimensions become particularly important because data can be technically available but contextually incorrect. A
financial amount may exist in a cloud warehouse but differ from the corresponding amount in S/4HANA because of currency
conversion, posting-date logic, rounding, or filtering.

Therefore, reconciliation should not be interpreted simply as equality between two tables. Instead, it should determine whether
two datasets are equivalent according to explicitly defined business and technical rules.

2.3. SAP BW/4HANA and Analytical Consistency

SAP BW/4HANA supports enterprise analytical scenarios in which data from operational sources is transformed and modeled
for reporting and analysis. During this process, source-level transaction data may be converted into analytical structures with different
granularities. A direct row-by-row comparison may consequently be impossible.

For example, a source system may maintain individual billing items, whereas an analytical model may contain aggregated sales
values by customer, month, product, and region. A reconciliation engine must therefore understand granularity and aggregation rules
before deciding whether two datasets are consistent.

This represents an important research gap. Conventional reconciliation techniques frequently assume a one-to-one relationship
between source and destination records. Enterprise analytical environments frequently require one-to-many, many-to-one, and
aggregation-aware reconciliation. The proposed framework addresses this issue by introducing reconciliation at multiple semantic
levels.

2.4. Cloud Data Engineering and Google Cloud

Cloud platforms provide scalable processing and storage capabilities that can support large-scale enterprise data validation.
Google Cloud's data analytics ecosystem includes services such as BigQuery and Cloud Storage, while orchestration and integration can
be implemented through appropriate Google Cloud services and partner technologies (Google Cloud, 2024). BigQuery is particularly
relevant to reconciliation because large datasets can be queried using distributed analytical processing rather than relying exclusively
on source-system execution.

Cloud-based reconciliation provides two important advantages. First, it enables computationally intensive validation to be
separated from transactional SAP workloads. Second, it allows reconciliation results to be retained as historical audit information.
However, cloud processing also introduces new challenges involving data freshness, network latency, schema evolution, partitioning,
security, and differences in data types. Thus, cloud reconciliation must be designed as a controlled extension of enterprise data
governance rather than simply copying SAP datasets into a cloud database.

2.5. Research Gap

Existing literature provides substantial coverage of enterprise data quality, SAP data integration, data warehousing, and cloud
analytics independently. However, comparatively less attention is given to an integrated reconciliation architecture connecting SAP
S/4HANA, BW/4HANA, and cloud analytical platforms.

Three gaps are particularly significant. First, many reconciliation approaches emphasize record-count comparison without
sufficient semantic validation. Second, transformation and lineage information is often disconnected from reconciliation logic. Third,
exception management is frequently performed manually after discrepancies are discovered. The proposed framework addresses these
gaps by combining metadata, lineage, reconciliation rules, scalable computation, and automated exception management within a single
architecture.
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3. Research Methodology
This research adopts a design-oriented architectural methodology. Rather than evaluating a single software product, the study
develops a conceptual framework for automated reconciliation across SAP and Google Cloud environments. The methodology considers
the complete data lifecycle from source extraction to analytical consumption.

The proposed architecture assumes S/4HANA as the principal operational source, BW/4HANA as an enterprise analytical
warehouse, and Google Cloud as a scalable cloud data platform. SLT and SAP Data Services are treated as potential integration
components, while SAC and SAP BusinessObjects are considered reporting and consumption layers.

The methodology consists of the following major stages:

Source profiling: Identify tables, fields, business keys, timestamps, currencies, and source-system metadata.

Metadata synchronization: Capture schemas, data types, transformation definitions, and expected data relationships.

Data extraction monitoring: Track extraction and replication events from S/4HANA and BW/4HANA.

Multi-level reconciliation: Perform count, aggregate, key-level, hash, and business-rule comparisons.

Exception classification: Categorize discrepancies as missing, duplicated, transformed, delayed, or semantically inconsistent.
Lineage-based diagnosis: Trace exceptions backward through extraction and transformation stages.

Automated reporting: Publish reconciliation status, severity, root-cause indicators, and historical trends.

Continuous monitoring: Repeat validation according to batch, micro-batch, or near-real-time data-processing schedules.

VVVVVYYYY

3.1. Reconciliation Model
For dataset DsD_s from the source and DtD_t from the target, the basic completeness difference can be represented as:
AC=Count(Ds)-Count(Dt)\Delta_C = Count(D_s)-Count(D_t)

However, record counts alone cannot establish correctness. Therefore, the framework introduces aggregate reconciliation:
AA=Yi=1nMeasures(i)—Yj=1mMeasuret(j)\Delta_A = \sum_{i=1}"{n} Measure_s(i)-\sum_{j=1}"{m} Measure_t(j)

For example, the measure may represent invoice amount, quantity, tax value, inventory quantity, or purchase value.

A key-level comparison is represented as:
M=Ks-KtM = K s-K t

where KsK_s and KtK t represent sets of business keys in source and target datasets. This identifies records present in one
system but absent in another.

For hash-based validation, a canonicalized representation of selected attributes can be generated:
Hi=Hash(Keyi||Attributeii| |Attribute2il|...||Attributeni)H_i = Hash(Key_i | | Attribute_{1i} | | Attribute_{2i} || \ldots || Attribute_{ni})

Source and target hashes can then be compared after applying documented normalization rules.

3.2. Reconciliation Levels

The framework uses a hierarchical validation model. The first level performs technical validation, such as job status,
timestamps, file completeness, and record counts. The second level performs statistical and aggregate validation. The third level
performs key-based and hash-based comparison. The fourth level evaluates business semantics.

This hierarchy is important because not every discrepancy requires an expensive record-level comparison. If record counts and
high-level aggregates already demonstrate significant divergence, the framework can prioritize diagnostic processing instead of
unnecessarily executing full comparisons.

3.3. Exception Severity

Exceptions are classified according to their potential business impact. A small formatting difference may be considered informational,
while missing financial transactions should receive critical priority. A conceptual severity score can be defined as:
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R=IxPxVR =1 \times P \times V
where II represents business impact, PP represents discrepancy prevalence, and VV represents validation criticality.
This approach allows reconciliation to move beyond a simple pass/fail model.
4. Proposed Automated Reconciliation Architecture

The proposed framework contains seven logical layers: source systems, integration, staging, reconciliation processing,
governance, exception management, and analytics.
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Figure 1. Automated SAP-to-Google Cloud Reconciliation Architecture

The architecture begins with S/4HANA, where operational transactions originate. SLT can provide replication capabilities for
relevant scenarios, while SAP Data Services can support extraction and transformation workflows. The integration layer records
technical metadata such as extraction timestamps, batch identifiers, source object names, record counts, and processing status.

BW/4HANA and Google Cloud are treated as independent validation targets. This is important because an organization may
have a successful S/4HANA-to-BW process while simultaneously experiencing a separate BW-to-cloud synchronization problem. The
framework therefore evaluates each integration boundary independently as well as the overall data chain.

The reconciliation engine represents the core of the architecture. It does not rely on a single validation technique. Instead, it
selects the appropriate validation strategy according to dataset characteristics. Large historical datasets may use partition-level
aggregates and hashes, while high-value transactional datasets may require key-level comparisons.

The exception-management layer stores discrepancies as structured records rather than merely generating alerts. Each
exception can contain source identifier, target identifier, business key, discrepancy type, detection timestamp, affected measure,
severity, processing stage, and probable root cause. The governance layer maintains lineage and audit information. This is particularly
valuable for financial reporting because an analyst should be able to determine which source data contributed to a reported figure and
whether that data successfully passed reconciliation.
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5. Results and Discussion
5.1. Comparative Evaluation
The conceptual evaluation compares a conventional manual reconciliation approach with the proposed automated framework.

Table 1. Comparison of Conventional and Automated Reconciliation

Evaluation Dimension

Conventional Reconciliation

Proposed Automated Framework

Record-count validation

Manual queries/spreadsheets

Automated

Aggregate validation Periodic Continuous/scheduled
Key-level comparison Selective Rule-driven

Hash validation Rarely implemented Supported
Transformation awareness | Limited Metadata-driven
Exception classification Manual Automated

Lineage Often separate Integrated

Audit history Spreadsheet/report based Centralized

Large-volume processing

Difficult

Cloud-scalable

Reporting integration

Manual

SAC/BI-ready

Monitoring

Reactive

Continuous

Root-cause analysis

Time-consuming

Lineage-assisted

The comparison indicates that the most important benefit is not simply faster reconciliation but greater validation depth.
Manual processes commonly focus on high-level totals because record-by-record comparison is expensive. The proposed architecture
allows organizations to combine inexpensive checks with targeted deep validation.

For instance, a monthly sales dataset may contain tens of millions of records. Comparing every attribute between S/4HANA and
Google Cloud may be computationally expensive and operationally disruptive. The framework can first compare record counts,
partition-level totals, and business-date distributions. Only when discrepancies are detected does it initiate deeper key-level or hash-
level analysis. This hierarchical design improves computational efficiency while preserving detection capability.

5.2. Reconciliation Dimensions
Table 2. Reconciliation Dimensions and Validation Techniques

Dimension Validation Technique Typical SAP/Cloud Example | Expected Output
Completeness | Record-count comparison Billing documents Missing-record count
Accuracy Aggregate comparison Revenue/value totals Amount variance
Consistency Key/hash comparison Customer/order records Attribute mismatch
Timeliness Timestamp/watermark validation | SLT replication Processing delay
Uniqueness Duplicate-key detection Material/document IDs Duplicate count

Validity Business-rule validation Currency/status codes Invalid-value count
Transformation | Source-target rule comparison Currency/unit conversion Transformation variance
Lineage Metadata tracing S/4 — BW — GCP Source-to-target path
Reporting Semantic comparison SAC/BusinessObjects Dashboard variance

The framework provides a multidimensional interpretation of reconciliation. Completeness identifies whether records

successfully crossed system boundaries. Accuracy validates numerical measures. Consistency evaluates whether attributes remain
aligned. Timeliness determines whether destination data meets the expected freshness requirement. Transformation validation is
especially important for BW/4HANA. A difference does not automatically indicate an error if a documented transformation explains the
difference. For example, currency conversion or aggregation may intentionally produce a different representation. Consequently,
reconciliation rules should distinguish between expected transformation variance and unexpected discrepancy.
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5.3. SAP S/4HANA to BW/4HANA Reconciliation

The S/4HANA-to-BW/4HANA boundary represents a critical reconciliation point because analytical models may contain
transformed and aggregated representations of operational data. A source billing table may contain individual items, whereas a BW
query may expose monthly revenue by customer or region.

The proposed framework therefore recommends reconciliation at both the transactional and semantic levels. Transactional
validation can compare document keys and amounts where granularity permits. Semantic validation can compare aggregates after
applying the same dimensions and filters.

This distinction reduces false-positive exceptions. Without semantic awareness, a reconciliation engine may interpret a valid
aggregation as a data loss event. By associating each target dataset with transformation metadata, the engine can determine the
expected relationship between source and target.

5.4. BW/4HANA to Google Cloud Reconciliation

The BW/4HANA-to-GCP boundary introduces cloud-specific considerations. Differences in data types, timestamps, partitioning,
null handling, and decimal precision can produce apparently inconsistent values even when the underlying business information is
equivalent. A cloud reconciliation process should therefore canonicalize data before comparison. Canonicalization may include
standardized timestamp representation, decimal precision, null semantics, string normalization, and unit conversion.

Google Cloud provides an appropriate environment for scalable reconciliation because analytical workloads can be separated
from SAP operational processing. Large-scale comparisons can be performed using cloud data-processing capabilities, while only
reconciliation results and exceptions need to be presented to business users.

5.5. SAP Analytics Cloud and BusinessObjects

SAC and SAP BusinessObjects occupy the consumption layer of the architecture. Their dashboards and reports may be used for
management decision-making and therefore should not be assumed to be correct merely because the underlying data pipeline
completed successfully. The framework can provide reconciliation status as an additional analytical dimension. A management
dashboard could display revenue together with data freshness, reconciliation status, unresolved exceptions, and source-system
coverage. This converts data quality from a hidden technical activity into a visible component of enterprise analytics.

Such integration is particularly important for financial reporting. A report showing a correct total without showing whether all
relevant source records were processed may provide a misleading perception of reliability.

5.6. Exception Management and Root-Cause Analysis

One of the major weaknesses of traditional reconciliation is that identifying a discrepancy is often easier than explaining it. The
proposed framework addresses this issue through lineage-aware exception management. For example, if Google Cloud contains 99.7%
of the expected records, the reconciliation engine can trace missing records to the extraction batch, replication timestamp,
transformation job, or target loading partition. If all missing records belong to a particular extraction interval, the framework can
classify the issue as potentially related to a batch-window or replication problem rather than an individual transaction error. This
supports a transition from reconciliation as detection to reconciliation as diagnosis.
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6. Proposed Reconciliation Workflow
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Figure 2. Automated Reconciliation and Exception-Resolution Workflow

The workflow is intentionally iterative. A failed validation does not immediately imply that the source or target data is incorrect.
Instead, the framework investigates the discrepancy through increasingly detailed validation stages. A major advantage of this
approach is its ability to distinguish technical failures from data-quality failures. For example, if a replication process terminated before
the expected watermark, the appropriate action may be reprocessing rather than business-data correction. Conversely, if a completed
process produces an unexpected aggregate difference, the investigation may need to focus on transformation logic or source-data
changes.

7. Discussion of Research Findings
The proposed framework produces several significant findings from an architectural perspective. First, reconciliation is more
effective when treated as a multi-level control mechanism. Count comparison provides a low-cost completeness signal, while
aggregate, key, hash, and business-rule validation provide progressively deeper assurance.

Second, reconciliation must be transformation-aware. SAP enterprise analytics frequently involves changes in granularity,
currency, units, dimensions, and business semantics. Consequently, exact source-target equality is not always the correct definition of
data correctness. A more appropriate definition is rule-governed equivalence.

Third, cloud platforms provide an opportunity to scale reconciliation independently of SAP transactional workloads. Performing
computationally intensive comparison within a cloud analytical environment can reduce pressure on operational systems while
enabling retention of historical reconciliation results.

Fourth, exception management should be integrated with data lineage. Merely reporting that a discrepancy exists creates
additional work for technical teams. Linking the discrepancy to the relevant source object, extraction event, transformation, and target
partition significantly improves diagnostic efficiency.

Fifth, reconciliation results can become an important governance asset. Historical reconciliation data can demonstrate whether
enterprise reporting pipelines consistently meet defined quality and freshness expectations. This is especially useful for regulated
financial and operational reporting.
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8. Conclusion
The integration of SAP S/4HANA, SAP BW/4HANA, and Google Cloud creates substantial opportunities for enterprise analytics,
but it also introduces complex data-consistency challenges. Data passing across SLT, SAP Data Services, BW/4HANA, and cloud
processing layers can be transformed, aggregated, delayed, duplicated, or partially rejected. Consequently, successful execution of an
integration job cannot be considered sufficient evidence of data correctness.

This research proposed an automated data reconciliation framework that addresses the problem through a layered architecture
combining metadata management, extraction monitoring, multi-level validation, lineage, exception classification, and analytical
reporting. The framework extends conventional record-count reconciliation by incorporating aggregate, key-level, hash-based,
transformation-aware, and business-rule validation.

The research demonstrates that reconciliation should be understood as an architectural capability spanning the complete
enterprise data lifecycle. In particular, the proposed framework recognizes that S/4HANA, BW/4HANA, and Google Cloud may
maintain different but semantically related representations of the same business information. Therefore, reconciliation rules must
account for data granularity and transformation semantics rather than enforcing simplistic row-level equality.

The framework also strengthens governance by maintaining auditable reconciliation evidence and linking exceptions to data
lineage. Integration with SAC and SAP Business Objects can further expose reconciliation health to business users, allowing
organizations to evaluate analytical results together with their underlying data-quality status.

Overall, automated reconciliation provides a practical mechanism for improving trust, reliability, transparency, and operational
resilience in SAP-cloud analytical ecosystems. The proposed architecture is sufficiently modular to support batch, scheduled, and near-
real-time scenarios and can be extended as organizations modernize their enterprise data platforms.

9. Future Scope
Future research can extend the proposed framework in several directions. First, machine-learning techniques could be
introduced to identify recurring reconciliation patterns and distinguish normal variance from abnormal discrepancies. Historical
exception records could be used to develop predictive models capable of estimating the probability and business impact of future
reconciliation failures.

Second, Al-assisted root-cause analysis could automatically examine lineage, job logs, schema changes, and transformation
metadata to recommend corrective actions. Such an approach could reduce the time required by data-engineering teams to investigate
complex pipeline failures.

Third, the framework could be extended toward event-driven reconciliation. Instead of waiting for scheduled batch processes,
reconciliation events could be triggered automatically when a replication watermark changes or when a high-value business
transaction is processed.

Fourth, future studies should evaluate the framework using real enterprise datasets across finance, sales, procurement,
inventory, and supply-chain domains. Quantitative measurements such as reconciliation execution time, false-positive rate,
discrepancy-detection rate, computational cost, and mean time to resolution would provide stronger empirical evidence.

Finally, future research can investigate integration with data catalogs, enterprise metadata platforms, SAP's broader data and
analytics ecosystem, and cloud-native governance technologies. This would enable reconciliation to become part of a comprehensive
data-observability and enterprise-data-governance architecture.
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