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Abstract— This paper presents a new way of using semantic
metadata for accounting information systems that enriches
financial transactions with context of business information. The
framework has a four-layer architecture consisting of base
transaction layer, business context layer, relationship layer, and
compliance layer. This framework helps to capture and use the
context of business in accounting. Our framework is practically
validated based on JSON-LD implementation and extensive
simulation tests. The simulation in our paper, which consisted of
one million transactions, yielded a query response time of 5.9
milliseconds with 100% consistency. The system's continuous
processing rate was 44 transactions per second (TPS) with cache
usage efficiency being 71.05%. The findings show that practical
performance characteristics can be maintained in accounting
systems despite semantic metadata integration. The framework
allows for enhanced business intelligence, automated compliance
checking, and improved decision support in accounting systems.
Our tests demonstrate that semantic details can be seamlessly
incorporated into classic accounting practices without hindering
the performance of the system or losing data.
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I. INTRODUCTION

Currently, organizations are working in an increasingly
complex business environment, where double-entry accounting
systems, despite their historical importance, are incapable of
covering all the details of modern business transactions.
Though these systems are good at recording monetary values,
they do not capture the contextual information that gives
business meaning to that transaction. Recent studies show up to
40% of critical business context is lost when transactions are
recorded in standard accounting systems (Cooper, Leung, &
Wong, 2020).

Traditional accounting systems can be considered inadequate in
three respects. First, not capturing operational context produces
incoherent financial and operational decision-making processes
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(Vasarhelyi & Alles, 2019). Secondly, audit trails and
compliance checking become complicated due to missing the
semantic link between transactions. Thirdly, as there is no
business context, advanced analytics and Al applications in
accounting become less efficient (Wang & Beheshti, 2020).
Past efforts dealing with these limitations focused on adding
metadata using external systems or documentation (Chen, Lee,
& Smith, 2021). Nonetheless, these tactics tend to yield
disjointed data architectures with inefficient information
processing. Recent research on semantic web technologies has
presented new opportunities for designing financial data
systems with rich contextual information embedded in it.

To address these issues, we present a semantic metadata
framework that is used to enrich accounting transactions by
layers of meaningful context and relationship. This framework
incorporates business context, operational interactions, and
compliance requirements directly into the transaction. This
improves the decision making and automation analysis. The
approach is compatible with the traditional double-entry
systems but extends their current capabilities to meet the
requirements of modern-day business.

I. LITERATURE REVIEW

2.1 Traditional Accounting Systems

The foundation of modern accounting systems still relies on the
double-entry bookkeeping principles set out by Luca Pacioli in
the 15th century (Pan, Chen, & Li, 2020). Even though these
principles are considered reliable, traditional accounting
systems mainly operate on the principles of recording debit and
credit. These systems fail to take into account the broader and
deeper business contexts. Recent research by (Liu, Johnson, &
Chen, 2020) shows that limiting systems to these narrow
constraints presents a significant limitation in present business
environment development.



2 5» International Conference on Administrative and Financial Sciences, (CIC-ICAFS’2025)

Traditional accounting systems usually classify financial data
using a hierarchical and predefined transaction types (Martinez
& Lee, 2021). While basic financial reporting is efficient under
this structure, complex modern business relationships and
cross-functional processes cannot be represented accurately.
Many companies (around 73%) claim that traditional
accounting systems are not suited to extract actionable business
intelligence (Thompson, 2020).

Enterprise Resource Planning (ERP) systems attempted to
overcome the limitations of traditional accounting by
integrating accounting functions with business details
(Martinez, 2021). Yet, as pointed out by (Hepp & Roman,
2020) even modern ERP implementations adopt a transaction-
centered approach that does not consider the full semantic
richness of business transactions. This gap can be noticed in
examples such as sustainability accounting and integrated
reporting, where traditional systems find it difficult to connect
financial data and non-financial performance details (Mingers
& Standing, 2020)

2.2 Semantic Web Technologies

Recent developments in semantic web technologies, e.g,
knowledge graphs and linked data, changed how information is
structured and linked in digital systems (Weber & O'Leary,
2019). These techniques which were developed for web-scale
data integration, have become mature technologies to model
complex relationships between different domains of knowledge
in modern enterprise systems (Massoudi & Birdawod, 2023).

Knowledge graphs are considered a good approach for
representing financial data. According to (Zhang & Vasarhelyi,
2021) showed that graph-based data models can represent
complex financial transactions and capture embedded
relationships. The ability to represent data as nodes and edges
can easily enable mapping complex business relationships and
the flow of transactions. Such functionalities are considered
difficult for relational databases to offer.

The use of Resource Description Framework (RDF) and Web
Ontology Language (OWL) in financial systems has provided
various semantic models for accounting data. According to
(Chang & Kauffman, 2021) semantic ontology can model
complex concepts and relationships in accounting and offer a
formal foundation for automatic reasoning and compliance
checking. According to (Chen & Williams, 2020) these
semantic technologies can be used to create “intelligent
financial data structures” that can understand business context
inherently and preserve it.
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II. CONCEPTUAL FRAMEWORK

3.1 Core Structure

The semantic metadata framework proposed here uses a layered
architecture that embeds rich contextual extensions into
traditional accounting transactions, while, maintaining
backward compatibility with the existing systems. This method
follows recent research in semantic business process modelling
(Kumar & Vasarhelyi, 2021) and builds on well-accepted
principles of accounting information systems (Martinez &
O'Leary, 2020). Figure 1 shows the layered architecture and
component relationship of our proposed framework.

Base Transaction Layer
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Business Context Layer
Strategic Operational Project Business Unit
Alighment Context Cost Centers Hierarchies
Relationship Layer
E!\Ulz Transaction Supply Chain Stakeholder
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Figure 1. Semantic framework layer architecture.

The framework consists of four overlapping layers. Each layer
captures different aspects of financial information and related
context:

The Base Transaction Layer maintains the integrity of double-
entry accounting data, and also enhance it with semantic
meaning (O'Leary & Vasarhelyi, 2021). This layer includes
traditional financial data eclements e.g. debit, credit, and
account, as well as time and quantity data. Our proposed
framework enriches this layer with semantic context. It also
includes standard accounting classifications but enhanced with
machine-readable tags and extensible definitions of transaction
types for future adaptability.

The Business Context Layer incorporates modern enterprise
architecture concepts to provide context for business activities.
This covers strategic alignment indicators that connect
transactions with the organization’s objectives, operational
context encompassing process workflows and business events,
and also project and cost-centered relationships with
hierarchical maps. The layer also includes business unit
hierarchies along with parent-child and cross-business unit
dependencies.

This layer uses a graph-based structure to represent complex
business relationships. It shows upstream and downstream
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impacts across the organization while maintaining the
transaction dependencies of entity relationships with typed
connections and time validity indicators. The layer captures
supply chain connections with detailed metadata about
supplier-customer relationships and maps stakeholder
networks, including roles, responsibilities, and authorization
levels, for a comprehensive relationship management.

The last layer of this framework addresses regulatory and
governance requirements through integration. It maps
regulatory requirements to specific standards and frameworks
and keeps full audit trails with cryptographic verification. The
layer manages metadata related to a policy against which
automated conformance is checked, and it also contains
documentation links with semantic annotations to preserve the
context for compliance.

Every layer of the framework is independent yet integrated. It
allows functionalities to be implemented progressively without
compromising data integrity or system performance.

3.2 Technical Implementation

For the technical implementation, we use JSON-LD (JavaScript
Object Notation Linked Data) as the primary data structure. Its
choice is based on the fact that it is consistent with established
semantic web standards while remaining practically compatible
with modern information systems (Birdawod, 2022).

This implementation uses JSON-LD in order to capture and
represent more complex semantic relationships than supported
by standard JSON. The incorporation of semantic measures
allows for interoperability with existing accounting processes
and systems. The framework provides a systematic way to
define contexts using standardized vocabularies, enabling each
system or organization to interpret financial data semantically.
The implementation design relies heavily upon schema
evolution. Our design incorporates an architecture in which
schema versioning techniques (O'Leary & Vasarhelyi, 2021)are
employed to ensure backward compatibility and forward
evolution. This allows a company to improve its semantic
capabilities without affecting its usual operations. the schema
design has various levels of extension points to create domain-
specific extensions while keeping the semantics intact.

III. RESEARCH FRAMEWORK: IMPLEMENTATION
MODEL

Our implementation model shows that the framework can be
implemented with a well-formed structured JSON-LD. The
model’s architecture offers compatibility with the existing
accounting system; practical usability and rich semantics.
Figure 2 shows a detailed example of the implementation
structure.
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Figure
2. JSON-LD implementation example.
The implementation model covers several requirements
identified in recent work on semantic accounting systems
(Chen, 2021). First, it keeps strict type definitions through the
@context declaration such that reliable semantic meaning is
preserved across systems. Next, it puts in place hierarchical
relations which preserve the organizational context of
financial transactions which is an important feature to
maintain (Tamura et al., 2024; Al-Delawi et al, 2020).
The model describes three important aspects of
implementation: first, a semantic context or framing is
defined in the @context section, which defines the vocabulary
that will be used to interpret the data. It includes standard
accounting concepts and domain-specific extensions. Every
concept has been explicitly defined with proper namespace
and data type so that it can be interpreted unambiguously
every time. Second, identity management provides
identification of the entities in the system. It assigns a unique
identifier (@ id) to each entity in the system. As a result, each
entity in the semantic graph can be referred to by that
identifier. This method helps to clearly identify entities,
cross-check their references, trace relationships, and track
history. Third, temporal data in the financial sense are strictly
typed using relevant XML Schema definitions. This covers
times of transactions, validity, chronology of audit trails, and
durational relations.

IV. SYSTEM ANALYSIS AND PERFORMANCE
EVALUATION

5.1 Information Integrity and Entropy
We tested the data integrity of our framework using extensive
testing on an Intel Core i5-1135G7 system (2.40GHz, 16GB
RAM). According to (Chen & Wilson, 2021) financial
systems need to ensure that both the structure and context
are preserved so that the semantic information is preserved.
Building on this, we ran one million transactions that
demonstrated semantic integrity giving 100% data integrity.
According to (Martinez, 2021) in his research outlines three
mechanisms that allow the system to maintain information
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fidelity. First, real-time validation guarantees semantic
completeness. second, relationship graphs
business entity links with complete referential integrity.
Third, contextual handlers sustain business metadata
throughout transaction cycles.

maintain

5.2 Performance and Complexity Characteristics

Performance analysis reveals consistent system behavior under
consistent load. Query operations demonstrate an average
response time of 5.9 milliseconds, with variations from less
than 1 millisecond to 67.6 milliseconds. This performance
aligns with the results in (Kumar & Wilson, 2021; Zaidan et al,
2024) research on semantic query optimization in financial
systems.

The caching system achieves a 71.05% hit rate during sustained
operation, processing approximately 44 transactions per
second. As (Vasarhelyi, 2021) state that cache efficiency in
semantic systems typically ranges from 65% to 75%. This
means that our implementation within expected parameters.
Query performance may vary based on the complexity of
semantic relationships, the current state of the system cache,
and available computational resources and memory access.

5.3System Scalability and Resource Utilization

The extensive testing with a million transactions showed linear
scaling characteristics and supports the findings by (Martinez,
2021) on the semantic behavior of systems. Key performance
indicators include: The average transaction processing rate for
the entire set of transactions was 44 transactions per second.
Furthermore, the queries performed consistently even as the
data set sizes grew. Patterns of memory use were stable and
predictable with consistent cache performance of 71.05% hit
rate as shown in Figure 3 below.

50 100
—e— Transaction Rate (tx/s)

- ®-_Cache Hit Rate (%)

30 75

Cache Hit Rate (%)

20 50

Transactions per Second

Figure 3. Performance analysis graph
V. SIMULATION RESULTS

Our simulation framework implements and validates the
semantic metadata accounting system using realistic transaction
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volumes and processing patterns. The study evaluates both
functional correctness and performance characteristics under
sustained operation.

1) 6.1 Simulation Environment
our simulation framework was implemented and used to

validate the semantic metadata accounting system with realistic
transaction volumes and processing structures. The research
examined the correctness of performance and system
characteristics under prolonged testing.

The simulation was implemented on a system with an 11th
Generation Intel core i5-1135G7 processor (2.40GHz) and
16GB RAM. The setup was done in such a way as to generate
and process one million synthetic transactions that mimic a real-
world scenario taking place in a bank or financial institution.
The environment created 10,000 business entities with inter-
relationships, 1,000 account combinations that are realistic for
a business, and 100 transaction types that cover normal business
operations.

6.2 Performance Metrics
The simulation measured four parameters including the query
response times for traversing different semantic relationships,
the data consistency in transaction processing or retrieval, the
context preservation accuracy in semantic metadata and
throughput of the system over a continued period. The metrics
collection system uses monitoring techniques that do not
disturb the performance measurements.

6.3 Results and Analysis

The simulation results demonstrated several key performance
characteristics:

Query Performance: The average query response time of the
system is 5.9 milliseconds with a minimum/maximum of less
than 1 millisecond/67.6 millisecond. This performance
validates the theoretical

scalability  predictions and

acknowledges the of hardware constraints on
performance.

Data Integrity: The framework maintained 100% data Integrity
during simulation, validating the semantic integrity
preservation mechanisms. This perfect consistency rate
supports the robustness of the semantic validation and storage.
Cache Efficiency: The caching system achieved a 71.05% hit
rate during continued operation as shown in Figure 5 indicating
effective memory utilization. The
approximately 44 transactions per

impact

system processed
second maintaining
consistent performance during the six hours of simulation.
Resource Utilization: Processing one million transactions over
approximately 6.4 hours demonstrated linear scaling
characteristics with stable performance across increasing data

volumes.
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Figure 4. Transaction Processing performance.
VI. CONCLUSION

The semantic metadata structure proposed in this study shows
a feasible way of adding layers of semantic information to
traditional accounting systems. Our implementation and
empirical evaluation achieved 100% consistent results over one
million transactions, took a query time on average equal to 5.9
ms, and had a processing rate of 44 transactions per second. The
system maintained a cache efficiency of 71.05% and
demonstrated linear scalability, proving seamlessly that
semantic metadata can be integrated into accounting systems.

future research can integrate artificial intelligence with
databases for automated context generation and pattern
recognition, better semantic context, and performance

optimization using advanced caching.
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