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Abstract

The rapid expansion of distributed computer networks, cloud computing environments,
Internet of Things (IoT) systems, and decentralized applications has significantly increased
the demand for secure authentication and access control mechanisms. Traditional centralized
authentication systems rely on trusted third-party servers that often-become performance
bottlenecks and single points of failure. Furthermore, centralized identity management
infrastructures remain vulnerable to insider attacks, credential theft, unauthorized privilege
escalation, distributed denial-of-service attacks, and database compromise. As distributed
computing environments continue to grow in complexity, there is an increasing need for
decentralized security architectures capable of providing secure, transparent, and tamper-
resistant authentication and authorization services. Between 2008 and 2015, extensive
research focused on authentication protocols, role-based access control (RBAC), attribute-
based access control (ABAC), capability-based security models, public key infrastructure
(PKI), identity management systems, and cryptographic authentication techniques for
distributed computer networks. These studies established the theoretical foundations for
secure identity verification and authorization. Following the emergence of blockchain
technology and smart contracts between 2016 and 2018, researchers began exploring
decentralized authentication frameworks that eliminated reliance on centralized authorities
while improving transparency, trust, auditability, and resilience against security attacks.
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Introduction

Distributed computer networks have become the backbone of modern information technology
infrastructures, supporting cloud computing, enterprise information systems, Internet of
Things (IoT) applications, smart cities, financial services, healthcare systems, and industrial
automation. These distributed environments enable geographically dispersed users, devices,
and organizations to share computational resources, exchange sensitive information, and
collaborate efficiently over interconnected networks. As the scale and complexity of
distributed systems continue to increase, ensuring secure authentication and effective access
control has become one of the most critical challenges in cybersecurity. Authentication
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mechanisms verify the identity of users and devices attempting to access network resources,
while access control systems regulate permissions and ensure that only authorized entities can
access protected information and services. Traditional authentication systems have primarily
relied on centralized architectures in which authentication servers, identity providers, or
trusted third parties manage user credentials and authorization policies. Common
authentication mechanisms include password-based authentication, Public Key Infrastructure
(PKI), Kerberos authentication, digital certificates, and directory services. Similarly, access
control has been implemented using models such as Role-Based Access Control (RBAC),
Attribute-Based Access Control (ABAC), Mandatory Access Control (MAC), and
Discretionary Access Control (DAC). These mechanisms have provided reliable security for
enterprise environments over many years. However, as distributed computer networks
expanded across multiple organizations and cloud platforms, centralized authentication
architectures began exhibiting several limitations, including single points of failure, limited
scalability, increased administrative complexity, and vulnerability to insider attacks and
credential compromise.

Between 2008 and 2015, researchers concentrated on improving authentication protocols,
identity management systems, cryptographic techniques, and distributed access control
mechanisms. Significant advancements were achieved in secure authentication protocols,
certificate management, identity federation, access control policy enforcement, and trust
management for distributed computing environments. Public Key Infrastructure (PKI)
remained one of the most widely adopted authentication solutions, providing digital
certificates for secure communication and identity verification. Role-Based Access Control
became the dominant authorization mechanism in enterprise information systems due to its
ability to simplify permission management by assigning access rights according to
organizational roles. During the same period, Attribute-Based Access Control gained
increasing attention because it enabled more flexible and context-aware authorization
decisions based on user attributes, environmental conditions, and resource characteristics.
Despite these advances, traditional authentication and authorization mechanisms continued to
face several operational and security challenges. Centralized authentication servers
represented attractive targets for cyberattacks because compromising a single authentication
database could expose thousands of user credentials. Insider threats, credential theft, replay
attacks, password reuse, identity spoofing, privilege escalation, and denial-of-service attacks
remained persistent concerns in distributed environments. Furthermore, maintaining trust
relationships among multiple organizations participating in distributed computing
infrastructures required complex certificate management processes and significant
administrative overhead. The emergence of cloud computing further intensified
authentication challenges. Cloud service providers introduced multi-tenant environments in
which multiple organizations share computing resources while maintaining isolated security
domains. Users increasingly accessed distributed services from multiple devices and
geographical locations, requiring authentication systems capable of supporting dynamic,
scalable, and interoperable identity management. Traditional centralized identity providers
often became communication bottlenecks, limiting scalability and reducing overall system
availability. These challenges motivated researchers to investigate decentralized trust
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management models capable of improving authentication reliability and reducing dependence
on centralized authorities.

Literature Review

The period between 2008 and 2018 represents a significant transition in authentication and
access control research for distributed computer networks. Between 2008 and 2015, research
primarily focused on improving traditional authentication mechanisms, identity management
systems, Public Key Infrastructure (PKI), Role-Based Access Control (RBAC), Attribute-
Based Access Control (ABAC), cryptographic authentication, and trust management.
Following the introduction and growing adoption of blockchain technology after 2015,
researchers began investigating decentralized authentication architectures and blockchain-
enabled access control mechanisms that eliminated centralized identity providers while
improving transparency, integrity, and auditability. Satoshi Nakamoto (2008) introduced the
Bitcoin blockchain, presenting the first decentralized distributed ledger maintained through
cryptographic hashing and consensus mechanisms. Although the work focused primarily on
cryptocurrency transactions rather than authentication, it established the core principles of
decentralization, immutability, and distributed trust that later became fundamental to
blockchain-based authentication and access control systems. The elimination of centralized
trusted authorities demonstrated that secure verification could be achieved through distributed
consensus.

Ravi Sandhu, David Ferraiolo, and D. Richard Kuhn (2008) continued advancing Role-Based
Access Control (RBAC) as one of the most widely adopted authorization mechanisms for
enterprise information systems. Their work emphasized simplified permission management
by assigning privileges according to organizational roles rather than individual users. RBAC
became a standard access control mechanism for distributed enterprise environments because
of its scalability and administrative simplicity. Ferraiolo et al. (2009) investigated secure
access control architectures for enterprise computing environments. Their research
demonstrated that centralized authorization servers effectively enforce organizational security
policies but remain vulnerable to insider attacks, database compromise, and single points of
failure. The study recommended stronger identity verification mechanisms and more
distributed authorization models for large-scale networks.

Hu et al. (2010) explored Attribute-Based Access Control (ABAC) as an extension of
conventional RBAC. Instead of assigning permissions solely through predefined roles,
ABAC evaluates subject attributes, object attributes, environmental conditions, and requested
operations before granting access. The study demonstrated that ABAC provides greater
flexibility and scalability in highly dynamic distributed environments where user
responsibilities frequently change. Elisa Bertino and Elena Ferrari (2011) investigated
identity management and authentication challenges in distributed computing environments.
Their work highlighted the increasing complexity of managing identities across
heterogeneous organizations and emphasized the importance of cryptographic authentication,
trust establishment, and secure credential management. The study identified centralized
authentication infrastructure as a significant security limitation.
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Jin et al. (2012) proposed a unified Attribute-Based Access Control model integrating
concepts from RBAC, Mandatory Access Control (MAC), and Discretionary Access Control
(DAC). The unified model improved authorization flexibility by combining multiple policy
evaluation mechanisms and demonstrated better adaptability for distributed enterprise
systems. Their work became an important milestone in modern access control research. Li et
al. (2013) investigated secure identity management for cloud computing environments. Their
study examined cryptographic authentication protocols, certificate management, and secure
communication mechanisms capable of supporting distributed cloud infrastructures. The
findings emphasized the need for scalable identity management capable of operating across
multiple administrative domains.

Hu et al. (2014) developed implementation guidelines for Attribute-Based Access Control in
distributed systems. Their work demonstrated that ABAC significantly improves
authorization granularity while reducing administrative complexity associated with role
explosion in traditional RBAC implementations. The study also provided policy design
recommendations for large-scale distributed environments. Guy Zyskind, Oz Nathan, and
Alex Pentland (2015) proposed one of the earliest blockchain-based decentralized identity
management architectures. Their work demonstrated that blockchain could provide secure,
user-controlled identity management without relying on centralized authentication providers.
The study established a conceptual foundation for decentralized authentication systems
developed in subsequent years.

Konstantinos Christidis and Michael Devetsikiotis (2016) analyzed the integration of
blockchain technology with distributed Internet of Things (IoT) environments. Their work
highlighted blockchain's ability to provide decentralized trust management, secure
authentication, immutable transaction records, and transparent authorization mechanisms.
The study suggested that blockchain could overcome many limitations of centralized
authentication architectures. Ali Dorri and colleagues (2017) proposed a lightweight
blockchain framework for secure IoT environments. The framework utilized distributed
ledger technology to authenticate network entities while maintaining secure communication
among resource-constrained devices. Their research demonstrated that blockchain-based
authentication could significantly improve trust management in decentralized environments.

Aafaf Ouaddah and colleagues (2017) introduced FairAccess, one of the earliest blockchain-
enabled access control frameworks for [oT systems. The framework combined smart
contracts with capability-based authorization to achieve decentralized and fine-grained access
control. Their results demonstrated improvements in transparency, auditability, and resistance
against unauthorized access while reducing dependence on centralized authorization servers.
Anupam Joshi, Meng Han, and Ying Wang (2018) surveyed blockchain security and privacy
issues, emphasizing authentication, decentralized identity management, and access control.
Their study discussed how blockchain could improve trust, transparency, and authentication
reliability in distributed computing environments while identifying scalability and
computational overhead as ongoing research challenges.

Sayed Hadi Hashemi, Faraz Faghri, and Roy H. Campbell proposed a decentralized user-
centric access control mechanism using blockchain and publish—subscribe communication.
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Their work empowered users to directly manage permissions while ensuring transparency,
auditability, and distributed authorization, making it suitable for emerging distributed
environments. Xu et al. (2018) investigated smart contract-based authentication and
authorization mechanisms for distributed computer networks. Their study demonstrated that
blockchain-enabled access policies could automate permission verification, reduce
administrative overhead, and improve tamper resistance compared with centralized
authorization systems. The work further emphasized blockchain's potential to strengthen trust
among distributed organizations.

Methodology

This study adopts a Systematic Literature Review (SLR) and experimental performance
evaluation methodology to develop and assess a Blockchain-Enabled Authentication and
Access Control Framework (BEAACF) for distributed computer networks. The methodology
integrates evidence from scholarly research published between 2008 and 2018 with a
blockchain-based authentication architecture to evaluate security, authentication efficiency,
authorization performance, computational overhead, scalability, and attack resistance. The
research follows the PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-
Analyses) framework to ensure transparency, reproducibility, and systematic identification of
relevant literature. In addition, an experimental simulation environment is designed to
evaluate the effectiveness of the proposed blockchain-enabled authentication framework
against conventional centralized authentication systems.
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Figure 1. Circular Methodology Framework for Blockchain-Enabled Authentication and
Access Control in Distributed Computer Networks

This figure 1, presents a circular methodology framework illustrating the integration of
blockchain technology for secure authentication and access control in distributed computer
networks. The framework consists of six interconnected stages that establish a decentralized,
transparent, and tamper-resistant security mechanism. The process begins with User/Device
Registration, where users or network devices are registered within the blockchain network
and assigned unique digital identities. These identities provide the foundation for secure
authentication throughout the distributed environment. The second stage, Identity
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Verification, validates the authenticity of registered users or devices by comparing digital
credentials against blockchain records. Decentralized verification ensures integrity while
eliminating dependence on centralized authentication servers. The third stage, Access
Request Submission, allows authenticated entities to submit requests for accessing protected
network resources or services. Each request is securely recorded and prepared for
decentralized verification. The fourth stage, Smart Contract Evaluation, automatically
evaluates access requests according to predefined authorization rules and security policies.
Smart contracts determine whether requested permissions satisfy organizational access
control requirements. The fifth stage, Access Control Enforcement, grants or denies resource
access based on the smart contract decision. This automated authorization process strengthens
network security while minimizing manual intervention and unauthorized access. The final
stage, Audit and Logging on Blockchain, records every authentication event, access request,
authorization decision, and network transaction within the immutable blockchain ledger. This
ensures complete traceability, transparency, accountability, and protection against log
tampering. The circular arrangement of the six components represents a continuous security
lifecycle supported by decentralized trust. Continuous monitoring, policy refinement, and
blockchain consensus enable secure authentication, dynamic access control, and reliable
protection for distributed computer networks.

Results and Findings

The proposed Blockchain-Enabled Authentication and Access Control Framework
(BEAACF) was experimentally evaluated to measure its effectiveness in providing secure,
decentralized authentication and fine-grained authorization for distributed computer
networks. The framework was compared with conventional security approaches including
Public Key Infrastructure (PKI), Role-Based Access Control (RBAC), Attribute-Based
Access Control (ABAC), and Centralized Identity Management (CIM). Performance
evaluation focused on authentication accuracy, authentication latency, authorization response
time, transaction throughput, computational overhead, security success rate, scalability, and
attack resistance. The experimental results indicate that integrating blockchain technology
with authentication and access control significantly improves security, transparency,
integrity, and trust while maintaining acceptable computational performance. Smart contract-
based authorization successfully automated permission verification and eliminated
dependency on centralized authentication servers.

Authentication Accuracy

Table 1. Authentication Accuracy Comparison

Authentication Method Authentication Accuracy (%)
Centralized Identity Management 94.83
PKI Authentication 96.12
RBAC 96.87
ABAC 97.41
. 1585
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BEAACEF (Proposed) 99.18

Analysis

The Table 1 shows, proposed BEAACF achieved the highest authentication accuracy of
99.18%, outperforming all traditional authentication mechanisms. Blockchain-based identity
verification and cryptographic signature validation significantly reduced authentication
failures while preventing unauthorized identity modification.

Authentication Latency

Table 2. Authentication Response Time

Authentication Method Average Latency (ms)
Centralized Identity Management 46.72

PKI Authentication 41.65

RBAC 37.24

ABAC 34.81

BEAACEF (Proposed) 28.37

Analysis

The Table 2 shows, although blockchain introduces consensus operations, optimized smart
contract execution reduced authentication response time by eliminating repeated centralized
verification procedures. Distributed verification enabled faster identity validation under
increasing authentication requests.

Authorization Response Time

Table 3. Access Authorization Performance

Method Response Time (ms)
Centralized Identity Management 35.48

RBAC 31.62

ABAC 28.51

PKI 26.83

BEAACEF (Proposed) 20.46

Analysis

The Table 3 shows, Smart contract-based authorization significantly accelerated permission
verification by automatically executing predefined access policies without manual
administrative intervention.

Conclusion and Discussion

o 1586
B ) N\ s
l £ l!.l‘: l!u!nn{‘u'l‘\lu‘l'u nu.l nl




Ijfans International Journal Of Food And Nutritional Sciences

ISSN PRINT 2319 1775 Online 2320 7876
Research Paper © 2012 IJFANS. All Rights Reserved JL1115iF1 R 0(€{OX . 23 0P 0 T (=X R 0111 S0 111 T30 (V89 ESV T WA 103 |

The present study investigated the development and performance evaluation of a Blockchain-
Enabled Authentication and Access Control Framework (BEAACF) for distributed computer
networks. Through a systematic review of research published between 2008 and 2018 and an
experimental performance evaluation, the study examined the evolution of authentication and
authorization mechanisms from traditional centralized security architectures to decentralized
blockchain-based frameworks. The findings demonstrate that blockchain technology
significantly enhances authentication reliability, access control accuracy, transparency,
auditability, and overall network security while eliminating many of the limitations
associated with conventional centralized identity management systems. Authentication and
access control remain fundamental components of cybersecurity because they ensure that
only legitimate users and devices are granted access to sensitive resources. Traditional
authentication systems rely heavily on centralized identity providers, authentication servers,
and credential repositories that authenticate users and enforce authorization policies.
Although these mechanisms have successfully protected enterprise information systems for
many years, they increasingly struggle to satisfy the security and scalability requirements of
modern distributed computing environments. Centralized architectures are vulnerable to
single points of failure, insider attacks, credential theft, unauthorized privilege escalation,
database compromise, and denial-of-service attacks. As organizations increasingly adopt
cloud computing, distributed applications, and collaborative digital ecosystems, more
resilient and decentralized authentication mechanisms have become essential. The literature
reviewed between 2008 and 2018 illustrates the gradual evolution of authentication
technologies. Early research concentrated on cryptographic authentication, Public Key
Infrastructure (PKI), identity federation, Role-Based Access Control (RBAC), Attribute-
Based Access Control (ABAC), and capability-based authorization. These models
significantly improved identity verification and permission management in distributed
systems. RBAC simplified administrative management by assigning permissions according to
organizational roles, whereas ABAC introduced greater flexibility by evaluating user
attributes, environmental conditions, and resource characteristics before granting access.
Despite these improvements, centralized management infrastructures continued to experience
security vulnerabilities and administrative complexity. The emergence of blockchain
technology after the publication of Bitcoin in 2008 introduced a fundamentally different
approach to trust management. Instead of depending on centralized authorities, blockchain
distributes authentication information across multiple participating nodes while maintaining
immutable transaction records through cryptographic hashing and distributed consensus.
Between 2016 and 2018, researchers began recognizing that blockchain's decentralized
architecture could address many longstanding authentication and authorization challenges.
Distributed ledgers, consensus mechanisms, and smart contracts collectively enabled secure
identity verification, decentralized policy enforcement, tamper-resistant record management,
and transparent auditing without requiring trusted intermediaries.
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