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Abstract

This study presents an ontology-driven framework, EthOn, aimed at enhancing the operational efficiency of
the Ethereum blockchain. Despite Ethereum’s prominence as a decentralized platform for executing smart
contracts, it still faces significant limitations such as high gas fees, low throughput, and limited semantic
processing capabilities. These challenges primarily stem from the platform's reliance on syntactic data
structures and the absence of context-aware mechanisms in smart contracts. The proposed framework
integrates semantic ontologies to structure blockchain data and enhance smart contract logic through context-
driven reasoning. By embedding domain-specific ontologies into the Ethereum layer, EthOn enables
intelligent data interpretation, optimized contract execution, and improved interoperability for decentralized
applications (dApps). A prototype developed using Protégé, Node.js, Web3.js, Ganache Network and Apache
Jena demonstrated notable advancements in both execution speed and gas efficiency. The results
demonstrated remarkable improvements: Ethereum required an average block creation time of 10—15 seconds
with gas consumption fluctuating between 9.6 million and 44.4 million units, while EthOn achieved block
generation within 1-2 seconds and maintained gas usage between 423,630 and 3.7 million units. This
represents an overall gas reduction of nearly 90% and a substantial improvement in execution speed.These
results highlight the transformative potential of semantic technologies in reshaping blockchain infrastructure,
paving the way for more scalable, efficient, and intelligent decentralized systems.
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1. Introduction Additionally, Ethereum’s underlying data architecture is
) ) syntactic in nature and lacks semantic expressiveness,
Blockchain technology has emerged as a transformative making it difficult to model, interpret, or reason over

innovation that redefines how data is recorded, verified,

oIS T X complex and heterogeneous data [5]. Such limitations
and exchanged within distributed environments. By

constrain the development of intelligent, data-aware

enabling decentralized, transparent, and tamper-proof blockchain applications capable of dynamic reasoning
ledgers, blockchain eliminates the need for centralized and  automation.In  contrast,  Semantic  Web
intermediaries, thus reshaping digital trust [1]. Among technologies—particularly ontologies—offer a
the prominent blockchain platforms, Ethereum stands out structured, machine-interpretable  representation  of
as a second-generation blockchain that introduced domain knowledge that promotes interoperability,
programmable smart contracts and support for contextual awareness, and logical inference [6][7].
decentralized applications (dApps), fostering innovation Ontologies formally define domain-specific vocabularies
across diverse sectors such as finance, healthcare, supply and relationships, enabling semantic annotation and
chains, and identity management [2][3]. Despite advanced query capabilities. Integrating ontologies into
Ethereum’s  functional  richness and  widespread blockchain platforms enhances the ability to understand
adoption, the platform suffers from key performance and reason over blockchain data and smart contract logic,
limitations that hinder its scalability. These include high thereby improving automation, conflict resolution, and
gas fees, limited throughput, and latency in transaction adaptability [8]. While existing research has primarily

finality, particularly under high network load[4].
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focused on using blockchain to enhance the integrity and
traceability of semantic data, limited attention has been
paid to how semantic technologies—specifically
ontologies—can improve blockchain performance and
smart contract efficiency [9][10].

This study aims to bridge that gap by proposing a novel
ontology-driven framework called ETHON, designed to
enhance the operational efficiency of Ethereum. The
framework utilizes domain ontologies to semantically
structure transactional data and guide smart contract
behavior. EthOn was implemented using the Protégé tool
for ontology modeling and integrated with Web3.js
libraries to interact with Ethereum test networks.
Experimental evaluations demonstrate that the
framework leads to measurable improvements in
execution time, computational efficiency, and gas
consumption, presenting a viable approach for building
semantically enhanced blockchain systems.

2. Literature Review
2.1 Related Works

Over the past decade, numerous studies have addressed
the performance limitations of the Ethereum blockchain,
particularly regarding gas consumption and transaction
throughput. Early research by [12], the original architect
of Ethereum, acknowledged that the Ethereum Virtual
Machine (EVM) trades performance for generality,
which limits transaction speed and increases
computation costs. Subsequent works attempted to
mitigate these limitations through protocol-level
optimizations and off-chain computation. For instance,
[13] introduced sharding as a scalability solution,
enabling parallel processing of transactions across
subnetworks, although its implementation within
Ethereum 2.0 remains ongoing and complex. Another
line of research focused on optimizing gas efficiency at
the smart contract level. [14] proposed Oyente, an
analysis tool that detects costly patterns in smart
contracts and identifies gas-consuming vulnerabilities.
Similarly, [15] developed a compiler-based optimization
framework that rewrites Solidity code to reduce
redundant operations and lower gas usage without
altering contract semantics. More recently, [16]
suggested leveraging off-chain computation via Layer-2
solutions like Optimistic Rollups and zk-Rollups to
reduce on-chain load and improve throughput, though
such models introduce new trust assumptions and
interoperability challenges. Despite these efforts, most
proposed enhancements are either confined to protocol-
level modifications—requiring consensus changes and
wide adoption—or rely on external infrastructure,
thereby introducing complexity and potential
centralization risks. There remains a critical gap in
research concerning the use of semantic enrichment or
ontology-based reasoning as a lightweight yet powerful

alternative to optimize Ethereum’s performance without
altering its core architecture.

2.2 Integration of Ontologies with Blockchain

The integration of ontologies with blockchain
technology has garnered increasing attention in recent
years, as researchers aim to enhance data
interoperability, contextual awareness, and intelligent
automation within decentralized systems. Ontologies,
defined as formal representations of knowledge
structures using concepts, properties, and relationships,
enable machines to reason semantically over complex
datasets. When applied to blockchain, this semantic
enrichment allows decentralized applications to
transition from purely syntactic operations to
knowledge-driven interactions.[17] pioneered the
conceptual fusion of semantic web technologies with
smart contracts, arguing that ontologies can standardize
data across decentralized networks and support dynamic
contract logic through reasoning. They proposed a
semantic middleware that enables Ethereum contracts to
access and interpret RDF-based knowledge graphs in
real-time. Similarly, [18] presented EduCTX, a
blockchain-based higher education credit system
enhanced by ontologies to unify credential semantics
across international institutions, demonstrating how
shared vocabularies can solve interoperability challenges
Later, [19] introduced a semantic architecture for
blockchain that employs OWL ontologies and SPARQL
endpoints to provide semantically enriched queries over
blockchain data. This architecture facilitates enhanced
discoverability, complex querying, and machine
reasoning over decentralized records. Another
significant work by [20] examined the role of ontologies
in multi-chain interoperability, asserting that semantic
layers can abstract heterogeneity across blockchains and
act as translators between incompatible data formats.
Despite these advances, most existing implementations
remain limited to specific domains or are constrained by
performance overheads introduced by semantic
processing. Moreover, few studies explore the
integration of ontologies directly within the transaction
execution layer of smart contracts—an area that this
study aims to address through the proposed EthOn
framework, which embeds semantic reasoning into the
heart of Ethereum’s operational stack.

2.3 Research Gaps and Contributions of This Study

While numerous studies have explored methods to
enhance Ethereum's performance or to integrate semantic
technologies into distributed systems, there remains a
noticeable lack of unified approaches that address both
concerns  simultaneously.  Existing  performance-
enhancement  solutions—such as  protocol-level
improvements (e.g., sharding, Ethereum 2.0), Layer-2
scaling (e.g., Optimistic Rollups), or optimized smart
contract compilers—often focus exclusively on
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scalability and efficiency, without incorporating
semantic reasoning or domain knowledge into the
execution layer. As a result, current Ethereum-based
systems continue to operate in syntactic and
deterministic environments that lack contextual
intelligence.Conversely, most research in semantic
blockchain integration has concentrated on metadata
annotation, knowledge graph linking, or off-chain
reasoning, which does not directly impact smart contract
execution. For instance, [21] proposed a semantic model
to classify blockchain data, but the framework operates
at the data indexing level without influencing the logic of
contracts themselves.  Similarly, [22] surveyed
blockchain-ontology integrations but noted that most
existing  approaches  remain  domain-specific,
exploratory, or suffer from performance bottlenecks due
to external reasoning components. To date, few
frameworks embed ontological models directly into the
core transaction lifecycle of blockchain networks—
particularly within Ethereum'’s smart contract execution.
This gap leaves room for novel architectures that can
semantically interpret blockchain interactions in real
time, enforce rule-based constraints, and optimize
resource usage without relying on protocol modification
or centralized middleware.The EthOn framework
proposed in this study aims to fill this void by embedding
domain-specific ontologies into Ethereum's smart
contract logic and transaction handling. Unlike previous
works that separate semantics from execution, EthOn
incorporates semantic reasoning at the operational level
using OWL ontologies, Apache Jena for inference, and
Web3.js for blockchain interaction. This integrated
approach not only enhances gas efficiency and
transaction speed, but also introduces machine-readable
contextual logic into decentralized environments—
contributing both practically and theoretically to the
advancement of intelligent blockchain systems.

3. Methodology

This study employs an implementation-driven
methodology designed to evaluate the impact of semantic

ontologies on the performance of the Ethereum
blockchain. The approach is divided into four structured
phases: ontology modeling, system integration, semantic
execution, and performance evaluation.

e Ontology Modeling: In the initial phase, a domain-
specific ontology named EthOn was developed using
Protégé. This ontology captures the structural and
transactional elements of the Ethereum blockchain,
including blocks, transactions, gas costs, and smart
contracts. The ontology aims to semantically enrich
Ethereum data structures, enabling context-aware
reasoning and facilitating semantic queries. The
ontology was formalized in OWL format, ensuring
compatibility with semantic web technologies.

e System Integration: A technical environment was
established to enable communication between the
Ethereum blockchain and the ontology system. The
environment was built using:Node.js as the
execution platform, Web3.js to interact with the
Ethereum test network (Ganache was used for
simulation),Apache Jena Fuseki server to host and
query the ontology using SPARQL.

e Semantic Execution: In this phase, the EthOn
ontology was integrated with a simulated Ethereum
environment. Smart contract transactions were
annotated with semantic metadata. Custom scripts
extracted real-time execution data and stored it in
RDF format. Semantic queries (via SPARQL) were
used to analyze performance-related metrics, such
as: Gas usage per transaction, Block creation
latency. The analysis demonstrated that transaction
execution was faster and gas consumption was
significantly lower when using the ontology-
enhanced model. These findings underscore the
potential of semantic technologies, such as
ontologies, to improve the efficiency and
performance of blockchain systems.

Table 1: Comparative Analysis of Related Works and EthOn Framework

Focus Area Gl

Study / Framework

Impact on Smart Contract

. PRI e Limitations / Gaps
Execution

Integration
Gas analysis and

Optimization
Lacks semantic

[14] vulnerability N el ity e P interpretation
[15] Code optimization No Indirect via code rewriting Yes Static logic
[17] Metadat.a i) L Partial (RDF only) |  Off-chain interpretation No No effect on logic
architecture
. . Yes (OWL + . L . .
[19] Semantic querying SPARQL) Off-chain only Limited Not tied to execution
[20] ) Cross-cha_lr_] Partial (abstract External semantics Not focused No Ethereur_n-spemflc
interoperability layer) logic
EthOn (This Study) |Smart contract execution I_:ull (OWL Embedded at runtime Significant _Valldated via
integrated) implementation
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4. An Analytical and Exploratory Platform
for the Ethereum Blockchain

Etherscan is one of the most prominent block explorers
dedicated to the Ethereum blockchain, offering a web-
based interface that enables users to explore and analyze
all blockchain activities, including transactions, blocks,
and smart contracts. It is widely regarded as a
fundamental tool for understanding the internal structure
and operational behavior of the Ethereum network,
owing to its transparent and publicly accessible
data.Etherscan serves as a reliable research tool in the
academic study of Ethereum. It allows researchers to
analyze historical data, audit smart contract behavior,
and evaluate network resource consumption such as gas.
Moreover, it is a valuable educational resource for
understanding the internal mechanics of blockchain
systems, particularly within the context of Web3
technologies and decentralized finance (DeFi). Its
comprehensive data accessibility and transparency make
it an indispensable component of blockchain research
methodologies.The below displays Detailed Block Data
from Block Number 23001623 and 23001624 on the

Ethereum Network via Etherscan Platform.

By displaying the results obtained from blocks
23,001,623 to 23,001,631 on the Ethereum network
indicate that the block creation process required a
relatively notable amount of time. The timestamps
ranged between 06:47:35 a.m. and 06:49:11 a.m. on July

23001623 < >
Unfinalized

® 3 mins ago (Jul-26-2025 06:47:35 AM +UTC)

34,427,961(76.51%) "% +53% Gas Target

44,999,871

0.000000000298391307 ETH (0.298391307 Gwei)

23001624 < >
& Finalized

@ 20 mins ago (Jul-26-2025 06:47:47 AM +UTC)

15,009,990(33.36%) 4 -33% Gas Target

45,000,000

0.000000000318164804 ETH (0.318164804 Gwei)

26, 2025, with the average block creation time estimated
at approximately 12 to 15 seconds. This reflects a relative
delay in execution when compared to other, more
efficient systems.On the other hand, the gas consumption
data exhibited significant variation, ranging from
9,603,890 units to 44,409,521 units, highlighting
considerable differences in transaction volume and the
complexity of operations within the blocks. These
findings emphasize that, although the Ethereum network
demonstrates stability, it still faces challenges in terms of
execution speed and resource efficiency, particularly
under high workloads or when processing complex smart
contracts.

5. Proposed of Ethereum Ontology Model
(EthOn)

The primary purpose of the Ethereum Ontology (EthOn)
framework is to provide a formal, semantic
representation of the core components and relationships
within the Ethereum blockchain ecosystem. EthOn
leverages established semantic web technologies, such as
RDF and OWL, to structure blockchain data in a
machine-readable and interoperable manner. This
ontological framework aims to enable consistent
interpretation of Ethereum data across diverse systems
and platforms, thereby enhancing interoperability and
integration with external datasets. Moreover, by
representing Ethereum concepts—such as accounts,
smart contracts, transactions, and blocks—in an explicit
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and structured way, EthOn facilitates knowledge sharing,
automated reasoning, and semantic querying. These
capabilities are critical for improving transparency,
enabling intelligent analytics, and supporting
applications that rely on a precise understanding of
blockchain data. EthOn also contributes to bridging the
gap between blockchain technologies and the Semantic
Web, making Ethereum data more accessible and usable
in linked data environments[22].

5.1 EthOn ontology Representation

To semantically model the core components of the
Ethereum blockchain, this study adopts the EthOn
ontology, which provides a formal, machine-readable
representation of Ethereum’s data structures and
operational semantics. Developed by ConsenSys, EthOn
is grounded in the Ethereum Yellow Paper and is
implemented using RDF and OWL standards to capture
entities such as blocks, transactions, accounts, and world
states in a structured and interoperable format. EthOn
enables a clear distinction between syntactic constructs
(e.g., raw data fields) and semantic abstractions (e.g.,
state changes and account ownership), thereby
facilitating knowledge reasoning and data integration. Its
extensible design includes dedicated modules such as the
Contracts Extension and the ERC-20 Extension, which
support the modeling of smart contracts, events, and
token standards. By integrating EthOn into this research
framework, the study ensures semantic precision,
enhances the transparency of transaction representation,
and supports intelligent querying and reasoning over
blockchain data.

Stare rransition, blo clomsg (ransaction

5.1.1 EthOn Account Concept Representation

Figure 3 illustrates the EthOn conceptual model of the
Ethereum account structure, showcasing the ontological
relationships between key entities and attributes. At the
core of this model is the Account class, which is
subclassed into three distinct types: External Account,
Contract Account, and Protocol Account. Each account
is uniquely identified by an address (hexBinary), and
external  accounts are associated  with  an
accountPublicKey, while contract accounts store both
accountCodeHash and accountCode. The Account class
is linked to an Account State, representing the dynamic
aspects of the account, including accountNonce and
accountBalance, both defined as integers. The state also
connects to an Account Storage component through the
hasAccountStorage property, which stores a storageRoot
(hexBinary) value. Furthermore, the Account State is
associated with the World State as part of Ethereum’s
global ledger, establishing the current state context
through  hasCurrentState and partOf relations.
Additionally, the Protocol Account links to Protocol
State via the hasState property, indicating special
system-level accounts. The External Actor, subclassed
from the FOAF ontology's Agent, exercises control over
the External Account using the controls property, thereby
embedding social semantics into the blockchain

framework. This ontological representation enhances
semantic clarity and formal reasoning within Ethereum’s
ecosystem.
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Fig. 1: llustrate EthON Ethereum Ontology
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Fig. 2: illustrates the EthOn account structure

Object property hierarchy: EthOn Block Object Property [Data property hierarchy:
Tal & X

Asserted +

V- owlThing
Y EthOn Concept
Y EthOn Account concept

v owltopObjectProperty
- EthOn Object Property

¥l owltopDataProperty
V- EthOn Data Property

V-l EthOn Account Data Property

v 0 Account v-MEEthOn Account Object Property | B Account balance
Contract Account - comtrols | i B Account balance prefunded
Externally Controlled Account ~mpatof. | I Account code
Protecol Account e hasstae. 0 |7 B Account code hash
V- Account State ; S A B Account nonce
- ProtocolState M hasCuurrentState | I Account public key
External Actor -~ macontrols Account | I Address
Storage . mM has Account Storage = | . I Storage root
(A) Account Concepts (B) Account Properties

Fig. 3: illustrates the Entities of account Ontology

The figure 3 illustrates the structure of the EthOn
Account Ontology.(A) Account Concepts: Shows the
class hierarchy where EthOn Account concept is a main
class containing subclasses such as Account, Contract
Account, Externally Controlled Account, Protocol
Account, Account State, ProtocolState, External Actor,
and Storage. This represents how account-related
concepts are organized in the ontology.(B) Account
Properties: Object Property Hierarchy (middle): Defines
relationships between classes.

5.1.2 State Transition concept and modeling scheme

Figure 4. illustrates a formal ontology-based model—
EthOn—designed to represent state transitions at varying
levels of granularity within the Ethereum blockchain. It
delineates how messages, transactions, and blocks each
generate new states that collectively evolve the global
state space (WorldState).
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Fig. 4: illustrates the EthOn State Transition structure
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... next Post Block State
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Fig. 5: illustrates the Entities of state transition Ontology

The figure 5 illustration the structure of the ethon state
ontology: Part (A) represents the main classes such as
State and State Transition, along with their subclasses.
For example, State includes subclasses like Account
State, World State, PostBlockState, etc. Similarly,
Message includes a subclass Contract Message, which
further branches into types like Call, Create, Selfdestruct,
and Value Contract Message.Part (B) shows the object
properties that define relationships between the entities,
such as: has state, creates state, has transition, next state,
etc.This structure helps in understanding how states and
transitions are semantically modeled in Ethereum’s
execution process.

5.1.3 EthOn block Concept Representation

A block in the Ethereum network is the fundamental data
unit used to aggregate a group of validated transactions
along with essential metadata related to network state and

execution history. Each block contains critical
information such as the block number, timestamp, hash
of the previous block, and Merkle roots for the
transaction, receipt, and state tries (e.g., stateRoot,
txRoot). It also includes the list of executed transactions
during that block’s lifetime. Blocks form a chronological
and cryptographically linked sequence known as the
blockchain, where each block references its predecessor
to ensure data integrity and ordering. Additionally,
blocks record miner rewards and may include
information about uncle blocks if applicable. Within the
EthOn ontology, a block is modeled as a central entity
connected to a set of semantic properties and structural
relations, enabling automated reasoning and systematic
analysis of blockchain data. The figure 6 represents a
semantic (ontological) model of the block structure
within the Ethereum network, as described by the EthOn
ontology framework.
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Fig. 6: illustrates the EthOn Block structure
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Fig. 7: illustrates the Entities of state transition Ontology

5.1.4 Message, Transaction Receipt and log concepts.

The Figure 8 represents a formal conceptual model from
the EthOn Ontology, which semantically describes the
structure and behavior of Ethereum blockchain
components. It specifically focuses on messages,
transactions, and account interactions, using RDF/OWL-
based ontology modeling. The visualization adheres to
semantic web principles, capturing relationships between
core entities in Ethereum.

This figure 9 lillustrates the Entities of Message
Ontology in Ethereum In section A the main class is
Message which includes Contract Message with

subclasses like Call Contract Message Create Contract
Message Selfdestruct Contract Message and Value
Contract Message as well as Transaction which includes
Call Transaction Create Transaction and Value
Transaction and also Receipts Trie which contains
Transaction Receipt.In section B the properties are
divided into Object Properties which define relationships
such as hasreceipt containstx controls signs triggersmsg
from to and creates and Data Properties which include
MsgGasUsed value and payload.This structure shows
how messages and transactions are represented and
linked within the Ethereum ontology model using
defined object and data properties.
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Table 2: show the key properties and their data types

Prope Data Type Descriptio
BlockHash hexBinary | The unique cryptographic identifier of the block
blockNumber Integer | The sequential number of the block in the chain
blockTimestamp dateTime The timestamp indicating block creation time
blockGasLimit integer |Maximum gas allowed for transactions in the block
blockGasUsed integer Actual amount of gas consumed
BlockNonce hexBinary The nonce value used in mining
blockDifficulty hexBinary Difficulty level of mining the block
blockLogsBloom hexBinary Bloom filter summarizing logs data
blockMixHash hexBinary Intermediate mining hash value
blockExtraData hexBinary Optional additional data
BlockSize integer Bl ke Wb
BlockBeneficiaryReward| integer Miner’s reward (beneficiary account reward)
P e e e e e e - - = = '

---__---_SE?_-

Subclass of

controf

Tew

Extarnal
aArtor

“'-._____“

ey t-""’"
Account

1 1

1 1

Self
destructCantract
LA B

=

Contract hsg

Fig. 8: illustrates the EthOn Message, Transaction Receipt structure
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----- Create Contract Message = @ B containtx _ -
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v @ Transacton W signs . value.
R S I triggersmsaq
----- Call Transaction = from." - pyload
----- Create Transaction '
----- Value Transaction - to.
_____ Receipts Trie - [l creates.
----- Transaction Receipt
(A)Message concepts (B)Message properties
Fig. 9: illustrates the Entities of Message Ontology
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Fig. 10: illustrates the workflow for integrating the EthOn model with the Ethereum network using the Node.js
environment and the web3.js library

6. Ontology-based integration of EthOn with
Ethereum using Node.js and Web3.js

This section presents a detailed ontology-driven
framework for integrating the EthOn ontology with the
Ethereum blockchain using Node.js and Web3.js. EthOn
serves as a semantic model that describes the core entities
and relationships in Ethereum, including accounts,
transactions, blocks, and smart contracts. The goal is to
bridge semantic modeling with  decentralized
infrastructures, thereby enhancing data interpretability
and interaction intelligence within blockchain-based
applications.The integration process involves four main
components: the EthOn ontology model, Node.js as the
execution environment, Web3.js as the Ethereum
interface library, and the Ethereum blockchain itself. The
workflow enables semantically enriched blockchain
interactions and intelligent transaction processing based
on ontology concepts.

Figure 10 illustrates the workflow of integrating the
EthOn ontology model with the Ethereum blockchain
using Node.js and Web3.js. This process highlights how
ontology-based semantic representations can be
effectively utilized to enhance blockchain interaction and
transaction processing.

e EthOn Model: The EthOn model provides a
semantic structure that formally describes Ethereum
blockchain components. By relying on ontology
principles, it ensures a well-defined and
standardized representation of elements such as
transactions, blocks, accounts, and smart contracts.
This semantic foundation enables a higher level of
abstraction that facilitates reasoning,
interoperability, and reusability across blockchain-
based applications.

e Node.js: Acting as the execution environment,
Node.js is responsible for loading and parsing the

ontology (commonly encoded in RDF or OWL
formats). Through its JavaScript runtime, it
translates ontology concepts into executable
JavaScript objects, making them operable within
blockchain applications. Node.js thus bridges the
gap between the abstract semantic definitions of
EthOn and the practical implementation of logic
required for blockchain transactions.

e \Web3.js: Web3.js functions as a middleware layer
that enables Node.js applications to interact
seamlessly with the Ethereum network. It
establishes the communication channel between the
local execution environment and Ethereum nodes
(either local instances such as Ganache or remote
providers). By doing so, it supports sending
ontology-driven transactions to the blockchain,
thereby ensuring that semantic representations are
effectively translated into actionable operations on
the Ethereum ledger.

e Interaction with the Ethereum Network: Finally,
Web3.js facilitates direct interaction with the
Ethereum blockchain by connecting to RPC
endpoints. This includes sending transactions
derived from ontology-based data, retrieving
blockchain states such as blocks and transaction
receipts, and analyzing their contents. The ontology-
driven integration ensures that all data exchanged
aligns with the semantic definitions provided by
EthOn, resulting in a more structured and
meaningful interaction with the network. the Local
Ethereum Blockchain Simulation environment was
initialized Using Ganache CLI , In the experimental
environment of this research, a local Ethereum
blockchain network was instantiated using Ganache
CLI (version 7.9.2). Ganache is a widely used
personal blockchain simulator that enables
developers and researchers to emulate the Ethereum
network locally for the purposes of testing,
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debugging, and performance evaluation, without
incurring transaction fees or interacting with the
public Ethereum mainnet.

6.1 Ontology-Based Representation of Ethereum
Transactions in EthOn

Within the EthOn model, Ethereum transactions are
semantically represented through ontology concepts that
capture their structural and operational properties. In the
figure 11 show demonstrates how each transaction is
linked to its corresponding block using the relation
ethon:containsTx, while attributes such as ethon:txHash,
ethon:txNonce, ethon:gasPrice, and ethon:gasUsed
define its computational and economic characteristics.
By formalizing these elements into machine-readable
knowledge entities, EthOn enables more than just raw
storage—it facilitates advanced reasoning, consistency
validation, and cross-domain integration. This semantic
enrichment also supports performance improvements:
transactions can be classified, queried, and optimized
based on their ontology-defined features, thereby
reducing execution time and minimizing gas
consumption.  The  EthOn-based  representation
transforms Ethereum from a purely technical ledger into

ibb:1 ethon:containsTx tx:f6d954088a8825efabb631f7afde29s
tx:f6d954988a8025efabb631f7afde2981ae4522edebbdS5e6abb885c:
x:f6d9549688a08825efa6b631f7afde2981ae4522edeb6d5e6abb885c2
x:T6d954968a8825efa6b631f7afde2981ae4522edeb6dSe6abb885c2
x:T6d954968a8825efa6b631f7afde2981ae4522edeb6dSe6abb885c2
x:T6d9549688a080825efa6b631f7afde2981ae4522edeb6d5e6abb885c2

x:T6d9549688a08025efa6b631f7afde2981ae4522edeb6d5e6abbs

:1 a ethon:Block.

ethon:number ™:

a knowledge-driven system, paving the way for more
intelligent blockchain infrastructures that enhance both
efficiency and scalability.

6.2 Ontology-Based Representation of Ethereum
Blocks in EthOn

The semantic description of Ethereum blocks through the
EthOn ontology allows for a structured and knowledge-
driven representation of blockchain data. In the figure 12,
a block is explicitly defined as ethon:Block, while its
essential attributes—such as ethon:number,
ethon:blockHash, ethon:stateRoot,
ethon:transactionsRoot, and ethon:hasParentBlock—are
represented as machine-readable properties. This
formalization transforms a block from being just a raw
record on the blockchain into a knowledge entity with
explicit semantics. Such a model supports automated
reasoning, facilitates consistency checks, and enhances
interoperability with external datasets. Moreover, the
ontology-based approach allows for more advanced
querying and intelligent analytics, enabling researchers
and developers to uncover insights about Ethereum’s
state transitions and transaction structures in a more
efficient and meaningful way.

ae4522edeb6d5ebabb

ethon:cumulativeGasUsed "2188@ d:integer .

99 ethon:txHash "f6d954988a0625eTabb631f7afde2081ae4522¢
99 ethon:txNonce "65628"~"xsd:integer .
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99 ethon:txGasPrice "188€86888"~"xsd:integer .
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Fig. 12: Snapshot of the semantic representation of blocks data
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7. Results

At This point discuss and and analyzes the experimental
results derived from implementing the proposed
ontology-based optimization model for the Ethereum
network, termed EthOn. The primary objective of this
experiment was to evaluate the impact of semantic
modeling on transaction performance, execution speed,
and gas consumption in comparison to the conventional
Ethereum setup.

7.1 Transaction Execution

In this point, it was developed a javaScripts file called
Transaction.js, The primary objective of this script is to
execute an Ether transfer between two accounts on a
local Ethereum network while applying a dynamic gas
pricing mechanism that scales with the amount of Ether
being sent. The implementation is developed using
Node.js in conjunction with the Web3.js library, enabling
programmatic interaction with the Ethereum blockchain
through the JSON-RPC interface. The script begins by
importing the Web3 library and instantiating a new Web3
object that connects to a locally hosted Ethereum node
(e.g., Ganache) via http://127.0.0.1:8545. This
connection serves as the communication bridge between

WMl Balance before transaction:
Sender: 1008 ETH
Receiver: 1088 ETH

Transaction Successful:

transactionHash:
transactionIndex: ©n,
blockNumber: 1n,
blockHash:

from:

to:

cumulativeGasUsed: 21086n,
gaslsed: 21806n,

logs: [1.

logsBloom:

status: 1n,
effectiveGasPrice: 48000800086n,
type: @n
1
¥
Ml Balance after transaction:
Sender: 99916 ETH
Receiver: 1828 ETH

Gas Price used: 48 Gwei

the application and the blockchain network, enabling
both read and write operations. The script was executed
through the terminal provided in the Node.js
environment. Before running the transaction, the initial
state of the Ethereum accounts was retrieved, showing
the list of available accounts on the local blockchain
network along with their balances. This step ensures that
the sender and receiver balances are clearly identified
prior to processing the transaction, providing a baseline
for subsequent verification and analysis.

7.2 contract.js to Manage and Execute Smart Contract
Transactions

The contract.js script is a JavaScript-based program that
facilitates automated interaction with a smart contract
deployed on a local Ethereum blockchain instance
(Ganache). This implementation leverages Web3.js to
perform multiple signed transactions while dynamically
varying gas prices, providing a practical simulation
environment for blockchain performance analysis and
gas cost experimentation. The script was executed
through the terminal provided in the Node.js
environment

Fig. 13: Snapshot of the Transaction Execution result
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Summanry
Total Gas Used: 2120640
Total Gas Cost (ETH): ©.©12828

Average Gas Price (Gwei): 68.50
Min Gas Price (Gwei): 32
Max Gas Price (Gwel): 99

Fig. 14: Snapshot of the contract Execution result

start scan the transaction (Polling)...

new block: #1

new trans ion:from: exfba71691347b

to : exbce 13e062desa8c+d7Sac
the wvalue: 28 ETH

Saadsbataglbb27d7afF293
974a

Hash: éxe6l167ac5b52fF164a0f78ee9chbS51c2de6cdcT369d513aclaansbe

new block: #2

new transaction:from: exfba
to : exbce 1328694658
the wvalue: 14 ETH

Hash: 8xf6c1493558db2545671145ba9dchl53df4agcffboetal 31965

new block: #3
new transa
to : exbcE
the value: 34 ETH

Hash: feef42be2eddbco
new block: #4

new transaction:from:

to : exbcef39813e0869

the wvalue ETH

Hash: &

new block: #S

2813869

ion:from: exfbars169184

aadSbatad1lbb27d7afa

7bbAS T4a

Ibb31e6cafcd

SaadSbatazglbb27d7af28934a
1497 da
edbedddabfbecelc7853ees7bcalcldbeaidc:

QaadSbataglbb27d7affa934a

7918fd11e63dd

new transaction:from: @x4b57f5c51ed6683a8e443d93ebc225e6747Fdc24
to : ©x95aaS7a3fcab1164a71c51c865e47f27e8360150

the value: © ETH

Hash: ©x8ebdBe834ddbo5b54c5712586F045ad98b082159b87e5e7460cdf88c12feS54c6

new block: #6

new transaction:from: ©xdc82c725b4d8122e1f8bed38ec45fdo5c55e38b6
to : @x95aaS7a3fcabl1164a71c51c865e47127e8360150

the value: © ETH

Hash: ©x937e3f7e657c45ad7edofa®7871fd07c57499f9e51866e38ed1896687b0AcOS

new block: #7

new transaction:from: 8x811d795967051acle7e9372bed449d5c61d4960¢c8
to : ©x95aa57a3fcab1164a71c51c865e47127e8360150

the value: © ETH

Hash: ©@xdae86lee57c3eclif2ad45cledf2d3c2cf921aacc7689c08abalabebdc269dSeab

Fig.15: Snapshot of the monitor Execution result

7.3 Blockchain Transaction and Block Monitoring via
Web3.js Polling Mechanism

The primary purpose of the script is to continuously
monitor newly mined blocks and extract detailed
information about the transactions they contain. This is
achieved through a polling mechanism that queries the
blockchain node at regular intervals.This script
demonstrates an effective polling-based blockchain
monitoring approach using Web3.js. Such a mechanism
is valuable in blockchain analytics, fraud detection
systems, and transaction auditing tools.

7.4 Ontology-Driven Data Retrieval in Ethereum
Using SPARQL Queries

Based on the outputs illustrated in Figures 16 and 17, the
use of the SPARQL interface enabled the retrieval of
precise data from the ontology model linked to the
Ethereum network. Figure 16 presents the results of a

query designed to extract both the gas used and gas price
for each transaction, providing a practical indicator for
assessing resource efficiency during the execution of
smart contracts and transactions. In contrast, Figure 17
shows the outcome of another query that focuses on
retrieving block creation time, the number of blocks, and
the corresponding gas consumption, which facilitates the
analysis of the network’s temporal performance and
supports comparisons between different environments
such as the Ethereum Mainnet and the proposed EthOn
model. These results demonstrate that integrating
ontology with SPARQL significantly enhances the
ability to conduct advanced analyses of both resource
utilization and execution time, while ensuring access to
well-structured and reliable data that supports rigorous
academic  evaluation of  blockchain  network
performance.
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SELECT 2t sUsed ?gasPrice
WHERE {
?block ethon:conta

prefix i

prefix xsd:

SELECT ?block ?number ?blockCre

WHERE { ?block ethon:numb

| gasUsed | gasPr:

200000020 |
| 160000000 |
| 2eee0e000 |

96000 | 2eeeoeese |
21080 | 1eeeeeese |
| seeeoeece |
| 400000000 |
| 20000600 |
| secepeeee |

tx_rooti#>

ationTime ?blockGasUsed

?blockHash ;
d ?blockGa

Fig. 17: spargl Interfaces Result of block creation time- blockgasused

8. Evaluation
8.1 Reduced Gas Cost

The table 3 illustrates the gas usage per transaction. The
results obtained through SPARQL Query 2 show a
marked reduction in gas costs, with consumption ranging
from 1,000 to 100,000 gas units per transaction. This is a
significant improvement when compared to traditional
Ethereum transactions, which often consume several
200,000 gas units. The efficiency gain is attributed to the
semantically enriched design of smart contracts, which
helped eliminate unnecessary computational steps and
redundant logic.

8.2 Improved Transaction Execution Speed

As shown in table 4 the ETHON model significantly
enhanced the speed of block creation. Based on SPARQL
Query 1, which retrieved block creation times using
semantic annotations, the average execution time per
block was reduced approximately of 1 to 7 second. This
marks a substantial improvement over the standard
Ethereum network, where block generation typically
takes around 10 seconds. The acceleration is primarily
attributed to ETHON’s ontology-driven optimization of
the transaction flow and block structure.
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The table 4 presents the experimental results obtained
from executing the EthOn model on the Ethereum test
network. It displays a sequence of nine consecutively
generated blocks, documenting both the exact timestamp
of each block’s creation and the amount of gas consumed
during its processing.

8.3 Evaluation of Results from EthOn Model versus
Ethereum Main Network

In table 5, Block creation time and gas consumption are
among the key performance metrics in blockchain
systems, as they directly influence transaction
throughput and execution efficiency. In this study, we
compare the performance between the Ethereum mainnet

and the proposed ontology-based framework EthOn
using nine experimental blocks.

e Block Creation Time Analysis

The results presents in table 6 show that the proposed
EthOn framework achieved a significant reduction in
block creation time compared to the Ethereum mainnet.
The block creation time in EthOn remains nearly
constant at a few seconds, while the mainnet shows
substantially longer intervals.

This improvement leads to reduced waiting time for
transaction confirmation and enhanced responsiveness
for decentralized applications.

Table 3: illustrates the results of gas usage per transaction

X ‘ Gas used
tx:8381c1180a42ef43b7caab19905642a3ff2d8232098e4c32ecdOec199bbacead 11044
tx:f6d954908a0025efa6b631f7afde2981ae4522edeb6d5e6abb885c288528ba99 21000

tx:f1d5e70c9769f079412e8d79cbb2eldda7a956719bc01e15b4143adb91d5660b 100000
tx:f1d5e70c9769f079412e8d79cbb2eldda7a956719bc01e15b4143adb91d5660b 100000
tx:beab23c13faab2b0ec3bcdee5dd6167209de184c6d7376ebb5cedba8641cebae 21000
tx:5c0de8e962dcfc32af76bal48823a10ae9e389120d01f0a8172b2c4b678cd187 110000
tx:2dbe7a83ae8be09146fb8afb2a488642964b0d4c434acd8745288fb61ced0ed7 90000

Table 4: illustrates the results of generated blocks in ganache using ETHON model

Block No. ‘ Block creation Time ‘ Block Gas Used
Block 1 2025-4-22T13:37:00 709,104
Block 2 2025-4-22T13:37:01 423,630
Block 3 2025-4-22T13:37:05 585,040
Block 4 2025-4-22T13:37:09 2,773,990
Block 5 2025-4-22T13:37:12 132,560
Block 6 2025-4-22T13:37:13 245,670
Block 7 2025-4-22T13:37:15 2,148,760
Block 8 2025-4-22T13:37:22 3,697,660
Block 9 2025-4-22T13:37:23 1,458,570

Table 5: illustrate Block Gas, creation time Consumption:EthOn vs Ethereum mainnet

Block 1 709,104 34,427,961 2025-4-22T13:37:00 26-2025 06:47:35 AM
Block 2 423,630 15,009,990 2025-4-22T13:37.01 26-2025 06:47:47 AM
Block 3 585,040 17,935,450 2025-4-22T13:37:05 26-2025 06:47:59 AM
Block 4 2,773,990 18,260,575 2025-4-22T13:37.09 26-2025 06:48:11 AM
Block 5 132,560 18,101,948 2025-4-22T13:37:12 26-2025 06:48:23 AM
Block 6 245,670 21,589,234 2025-4-22T13:37:13 26-2025 06:48:35 AM
Block 7 2,148,760 15,758,011 2025-4-22T13:37:15 26-2025 06:48:47 AM
Block 8 3,697,660 44,409,524 2025-4-22T13:37:22 26-2025 06:48:59 AM
Block 9 1,458,570 9,603,890 2025-4-22T13:37:23 26-2025 06:49:11 AM
Table 6: Comparison of Block Creation Time.
Metric | Ethereum Mainnet ‘ Current Study (EthOn)

Block Creation Time  |Several seconds up to noticeable delay |Consistently a few seconds

Blocks Created per Minute

Lower due to latency

Much higher frequency
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e Gas Consumption Analysis

Gas consumption is a vital economic performance
indicator, representing the computational resources
required to execute transactions and smart contracts. The
data obtained from nine blocks demonstrates a
substantial reduction in gas usage by EthOn compared to
the Ethereum mainnet:

Minimum Gas Consumption in EthOn: 132,560 units
Maximum Gas Consumption in EthOn: 3,697,660 units
Minimum Gas Consumption in Mainnet: 9,603,890 units

Maximum Gas Consumption in Mainnet: 44,409,524
units

Table 7: Comparison of Gas Consumption

5 Ethereum
Metric Mainnet Current Study (EthOn)
Minimum Gas 9,603,890 units 132,_560 units (~98.6%
Used improvement)
Maximum Gas . 3,697,660units (~91.7%
Used 44,409,524 units improvement)

e Average Gas Consumption Calculation

The average gas consumption for each environment is
computed using the midpoint formula:

Average Gas = (Minimum Value + Maximum Value) / 2

Ethereum Mainnet: (9,603,890 + 44,409,524) / 2 =
27,006,707

EthOn: (132,560 + 3,697,660) / 2 = 1,915,110

Efficiency Gain: ((27,006,707 - 1,915,110) / 27,006,707)
x 100~ 92.91%

The results indicate that the proposed EthOn framework
achieved: A significant improvement in block creation
time, ensuring faster transaction processing and better
responsiveness for decentralized applications, A drastic
reduction in gas consumption (approximately 93%),
leading to lower transaction costs and improved
economic efficiency. These findings validate the
effectiveness of integrating ontology-based
enhancements into blockchain design, reinforcing the
scalability and sustainability of smart contract execution.

It is important to note that the number of transactions and
smart contracts also differs between the two
environments: In EthOn: Each block contains
approximately 10 to 20 transactions and includes two
smart contracts. In Ethereum Mainnet: Each block
contains approximately 50 to 100 transactions and

includes between one and two smart contracts.The
evaluation highlights that EthOn achieves remarkable
improvements in gas efficiency and block creation speed
compared to the Ethereum mainnet. While results from
Table 4 indicate the theoretical performance potential of
ontology-based optimization, the real-world data in
Table 4 demonstrate the practical challenges of
scalability and network congestion. Bridging this gap
requires deploying EthOn in more extensive testbeds or
layer-2 environments to validate its applicability under
realistic blockchain conditions.

Figure 18 illustrates the comparison of block creation
time between the proposed EthOn framework and the
Ethereum mainnet across nine consecutive blocks. The
plotted lines demonstrate that EthOn maintains a
consistently stable block creation time within a narrow
range of seconds, highlighting its efficiency and
reliability. In contrast, the Ethereum mainnet shows a
noticeable increase in block creation time, with values
progressing from 06:47:35 to 06:49:11, reflecting longer
confirmation delays. This clear divergence indicates that
EthOn achieves faster and more predictable block
generation, which directly contributes to higher
transaction throughput and reduced latency for
decentralized applications. Figure 19 illustrates a
comparative analysis of gas consumption between the
EthOn model and the Ethereum Mainnet across multiple
blocks. The red curve demonstrates that gas usage in
EthOn is relatively low and stable, ranging from
approximately 132,560 to 3,697,660 gas units, reflecting
the framework’s efficiency in minimizing the
computational resources required for executing
transactions and smart contracts. In contrast, the green
curve representing the Ethereum Mainnet shows
significant fluctuations and substantially higher values,
ranging between 9,603,890 and 44,409,524 gas units,
highlighting the high execution cost in the main network.
This visual disparity between the two curves underscores
the effectiveness of EthOn in improving the economic
efficiency of blockchain execution and substantially
reducing transaction costs compared to the conventional
Ethereum network. Consequently, the findings reinforce
the importance of integrating ontology into blockchain
architecture, as it enhances scalability through optimized
resource utilization, while simultaneously ensuring cost
reduction, thereby providing a more sustainable and
practical foundation for large-scale decentralized
applications.
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Block Creation Time Comparison (EthOn vs Ethereum)

EthOn Time
Ethereum Mainnet Time
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Creation Time (hh:mm:ss)
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Fig. 18: illustrate block creation time comparison:EthOn vs Ethereum mainnet
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Fig. 19: illustrate Block Gas Consumption:EthOn vs Ethereum mainnet

9. Conclusion and Recommendation

This study has demonstrated that the proposed model
significantly improves the performance of the Ethereum
network by leveraging the semantic representation of
core blockchain elements. Through the integration of
ontologies into the smart contract environment, the
model enabled faster transaction execution and reduced
gas consumption—addressing some of the most
persistent  inefficiencies in  current  blockchain
infrastructures. In addition, the model exhibited notable
flexibility and scalability, indicating its potential for
adaptation to other blockchain platforms with
comparable architectural needs.In light of these results,
it is recommended that ontologies be applied to a broader

range of blockchain-based applications, including digital
identity systems, electronic voting mechanisms, and
supply chain monitoring. Such domains can greatly
benefit from the enhanced semantic clarity and
interoperability offered by ontological modeling. To
facilitate wider adoption, there is also a clear need for the
development of supportive tools and frameworks that
streamline the integration of ontologies into smart
contract development environments. Finally, the study
encourages further academic and technical inquiry into
the convergence of semantic web technologies and
blockchain systems, as this emerging field holds
considerable potential for building more intelligent,
efficient, and adaptable decentralized systems.
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