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Abstract: This article discusses how blockchain technology could be used in network security applications by 

providing better data integrity and reducing attacks like man-in-the-middle (MITM) attacks. Originally related 

to bitcoin, blockchain’s decentralized and tamper-resistant architecture can be regarded as possible solutions to 

network security problems by ensuring the proper routing protocols, as well as the identification of network 

entities, and immutability of data. The paper discusses the benefits of blockchain for network security, such as 

its consensus mechanisms and cryptographic protection. The findings also highlight issues including the 

scalability, regulation, and energy demands. This article visually explains blockchain's transformational 

potential and defines paths for future research. 
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1. Introduction 

A. Background and Motivation 

Network security is the core of digital infrastructural operation such as the online financial transactions, 

government databases, and industrial IoT systems. Centralized security systems have never been free from 

various attacks, such as Distributed Denial of Service (DDoS), Man-in-the-Middle (MITM), and data leaks [1]. 

The costs of data leakage continue to go up and on average have already reached $3.86 million in 2018 [2]. 

Further, obligations that are ever more demanding, e.g. the GDPR, are a defiance of which results in the 

deterioration of data security and reliability. Blockchain technology, which was first introduced by Nakamoto in 

2008, is a decentralized, distributed ledger that ensures secure and open record keeping.  

Initially designed to enable cryptocurrency transactions, blockchain has since evolved, with researchers 

exploring its use in network security and data integrity [4]. Blockchain’s attributes—decentralization, 

immutability, and transparency—make it an ideal candidate for creating resilient, attack-resistant network 

architectures [5]. 

B. Problem Statement and Objectives 

Traditional security mechanisms, reliant on centralized servers, are susceptible to a single point of failure and 

manipulation by malicious actors. This study addresses the central research question: How can blockchain 

technology enhance network security and data integrity in distributed systems? 

Objectives: 

1. To analyze how blockchain can secure routing protocols in network infrastructure. 

2. To evaluate blockchain’s role in preventing MITM attacks and data tampering. 

3.To discuss the challenges blockchain faces in scalability, regulatory compliance, and technical limitations. 

 

2. Blockchain Technology Overview 

A. Core Principles of Blockchain 

Blockchain is a distributed ledger technology (DLT) that records transactions across a network of nodes, 

preventing unauthorized alterations to stored data. Key components of blockchain include: 
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• Blocks and Chains: Transactions are grouped in blocks, each of which is linked to the previous block by a 

cryptographic hash, forming a chain [6]. 

• Cryptographic Hashing: Each block contains a unique hash, generated by algorithms like SHA-256, which 

ensures data integrity by detecting any alterations in the stored information [7]. 

• Consensus Mechanisms: Techniques such as Proof of Work (PoW) and Proof of Stake (PoS) are used to 

validate transactions, preventing double-spending and ensuring decentralized verification [8]. 

 

 
Figure 1. Basic structure of a blockchain showing blocks linked in a chain, with cryptographic hashing for data 

integrity 

 

B. Categories of Blockchain Architectures 

Blockchain can be classified into three primary categories: 

1. Public Blockchain: Open to all, with players engaging in the network's functionality via consensus methods 

(e.g., Bitcoin) [9]. 

2. Private Blockchain: Restricted to designated, trusted users, providing enhanced efficiency and scalability 

appropriate for corporate settings [10]. 

3. Permissioned Blockchain: A hybrid approach that permits designated participants while maintaining certain 

decentralized characteristics [11]. 

C. Blockchain Applications Beyond Cryptocurrency 

In addition to cryptocurrencies, blockchain technology has been utilized in supply chains, healthcare, and the 

Internet of Things (IoT), capitalizing on its immutable characteristics to improve transparency and trust. In 

network security, the decentralized nature of blockchain alleviates trust concerns and eliminates central points of 

failure [12]. 

 

Table 1: overview of blockchain categories, encompassing advantages and disadvantages with transparency, 

scalability, and security 

Blockchain 

Type 

Description Transparency Scalability Security 

Public 

Blockchain 

Open to everyone, 

anyone can join and 

participate in the 

consensus process. 

Examples include 

Bitcoin and 

Ethereum. 

High – all 

transactions are 

visible and verifiable 

by anyone. 

Low – due to large 

number of 

participants and 

resource-intensive 

consensus 

mechanisms (e.g., 

Proof of Work). 

High – strong security 

through 

decentralization but 

prone to 51% attacks in 

theory if an attacker 

controls majority of the 

network. 

Private 

Blockchain 

Restricted access; 

only specific 

participants are 

allowed to join, 

controlled by a 

single organization 

Low – access to data 

is restricted to 

authorized users. 

High – fewer 

participants and 

controlled 

environments 

enable faster 

processing. 

Moderate – more secure 

than public due to 

restricted access, but 

less decentralized, 

leading to potential 

trust issues. 
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or group. 

Permissioned 

Blockchain 

A hybrid model 

allowing only 

authorized 

participants with 

varying degrees of 

transparency and 

control. 

Moderate – can be 

configured for 

transparency within 

authorized 

participants but not 

open to the public. 

Moderate to High – 

optimized for 

specific use cases; 

consensus 

algorithms can be 

customized. 

High – security can be 

strong with controlled 

participation and hybrid 

consensus mechanisms 

(e.g., Proof of 

Authority). 

 

3. Utilization of Blockchain in Network Security 

A. Ensuring the Security of Routing Protocols 

• Difficulties Associated with Conventional Routing Protocols 

One such protocol as Border Gateway Protocol (BGP) is not inherently safe meaning it could be used by 

attackers in the way of, say, hijacking the route which takes place when a person redirects the traffic for both 

espionage and interference purposes. [13]. BGP relies on a trust-based model that makes it possible to adopt 

routing updates without verification which has the consequence of exposing networks to a possible attack. 

• Security of Routing Enhanced by Blockchain 

Blockchain technology through the establishment of a ledger that cannot be changed and will record all routing 

transactions will thus protect the routing protocols. The nodes verify routing modifications through a consensus 

mechanism to prevent them from performing illegal alterations. In a permissioned blockchain setup, nodes can 

verify each other's routing information, thus ensuring network integrity without depending on one center 

authority. [14]. 

 
Figure 2: Blockchain-based routing protocol with nodes validating and storing route data, preventing route 

hijacking 

 

B. Preventing Man-in-the-Middle (MITM) Attacks 

MITM attacks compromise communication between users by intercepting and modifying transmitted data. 

Blockchain mitigates MITM attacks through decentralized verification of transaction origins and encrypted 

identities, making interception significantly more challenging [15]. 

In a blockchain-based network, MITM protection is enhanced as each packet of data is cryptographically signed 

and verified through consensus, eliminating any single point of interception. Public-private key cryptography, 

similar to Ethereum’s, can further secure communications between parties [16]. 

 

Table 2: comparison of traditional encryption methods and blockchain-based encryption, highlighting 

advantages in mitm resiliency and data integrity. 

Feature Traditional Encryption Methods Blockchain-Based Encryption 

MITM (Man-in-the-

Middle) Resiliency 

Moderate – Relies on centralized 

authorities for certificate validation, 

High – Decentralized validation across 

multiple nodes ensures each transaction or 
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making it vulnerable if the central 

authority is compromised. 

data packet is verified, reducing the risk of 

interception. 

Data Integrit Moderate – Relies on a central system to 

ensure data has not been tampered with, 

which could be compromised by 

unauthorized access. 

High – Immutability of blockchain ensures 

data integrity, as any attempt to modify data 

is rejected by consensus. 

Transparency Low to Moderate – Centralized nature 

limits visibility; verification is often 

limited to authorized entities only. 

High – Public blockchains offer complete 

transparency, and permissioned blockchains 

provide transparency to authorized users. 

Scalability High – Traditional encryption scales well 

with fewer computational demands 

compared to blockchain-based systems. 

Moderate – Consensus mechanisms can 

slow down data processing and verification, 

impacting scalability, especially with high 

transaction volumes. 

Authentication Moderate – Requires trust in centralized 

authentication authorities (e.g., certificate 

authorities). 

High – Public and private keys, combined 

with consensus, provide decentralized and 

secure identity verification without central 

authority reliance. 

Tamper Resistance Low to Moderate – Vulnerable to 

tampering if attackers gain access to 

centralized data repositories. 

High – Blockchain’s immutability makes 

data tampering highly difficult, as it would 

require altering all subsequent blocks. 

 

C. Authentication and Access Control 

• Centralized Authentication Limitations 

Centralized identity management systems are prone to exploitation, allowing attackers to gain access through 

compromised servers. This vulnerability has driven interest in decentralized, blockchain-based identity 

management systems [17]. 

• Decentralized Authentication via Blockchain 

Blockchain facilitates secure identity verification by leveraging cryptographic keys and smart contracts. Users 

can authenticate through private keys, while the blockchain records access logs for transparency. Civic and 

uPort are examples of blockchain-based identity management systems offering enhanced security [18]. 

 

4. Blockchain and Data Integrity 

A. Importance of Data Integrity 

Maintaining data integrity is crucial in sectors where tampering could have severe consequences, such as in 

healthcare, finance, and government. Traditional systems struggle to ensure data integrity due to centralization, 

which creates a single point of vulnerability [19]. 

B. Blockchain’s Role in Data Integrity 

Blockchain’s immutable ledger structure ensures that once data is written, it cannot be altered without consensus 

from the network. Each block’s hash links it to the previous one, so any attempt to modify data creates a 

mismatch, alerting all network participants [20]. 

C. Blockchain as an Audit Trail 

Blockchain’s transparency and immutability provide a verifiable, tamper-resistant audit trail for regulatory 

compliance and forensic investigations. Each transaction is permanently recorded, creating a transparent history 

useful for both regulatory audits and security forensics [21]. 

 

5. Challenges and Limitations 

A. Scalability Constraints 

Blockchain networks often face scalability issues, especially those using Proof of Work. As more data is added, 

the processing and storage demands increase, affecting performance. Newer consensus algorithms like Proof of 

Stake and Byzantine Fault Tolerance (BFT) are being developed to address these issues [22]. 

B. Regulatory and Compliance Issues 

Blockchain's decentralized data storage conflicts with certain data protection regulations, such as GDPR, which 

requires control over data deletion and storage locations. Legal uncertainties around blockchain applications 

pose challenges for its deployment in regulated industries [23]. 
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C. Technical and Energy Demand Challenges 

Blockchain’s consensus mechanisms, especially PoW, consume significant energy, limiting its practical 

application in real-time security contexts. Research into energy-efficient algorithms is ongoing, with 

developments like Proof of Authority showing promise for network security applications [24]. 

 

6. Case Studies and Real-World Implementations 

A. IBM’s Blockchain for Telecommunications 

IBM has collaborated with telecommunications companies to integrate blockchain into secure data transmission 

and routing. This permissioned blockchain platform ensures authenticated routing updates and prevents route 

hijacking [25]. 

B. Guardtime’s Keyless Signature Infrastructure (KSI) 

Guardtime’s KSI uses blockchain-like technology to verify data integrity in sectors like government and 

healthcare, allowing tamper-proof data verification for critical applications [26]. 

 

7. Conclusion 

Blockchain technology provides novel solutions to longstanding challenges in network security, offering 

decentralized, immutable protections against MITM attacks, data tampering, and routing vulnerabilities. While 

promising, its limitations in scalability, regulatory compliance, and energy demand require further research. 

Future efforts should focus on improving blockchain’s efficiency and exploring hybrid models that combine 

traditional security methods with blockchain’s decentralized advantages. 
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