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ABSTRACT
In recent years, blockchain technology, as an innovative information technology, has received widespread attention in academia 
and industry. However, its limitations in mechanism design and the completeness of supporting infrastructure, combined with 
the immaturity of security concepts, have exposed blockchain systems to severe security threats and challenges. This study aims 
to address critical security issues in blockchain technology by proposing a blockchain security architecture based on Web attack 
principles. The architecture adopts a negotiated consensus mechanism and integrates real-time protection techniques from the 
field of cybersecurity, designing an innovative framework capable of identifying and restricting malicious nodes. With dynamic 
isolation as its core strategy, the architecture detects abnormal behaviors and temporarily isolates malicious nodes, preventing 
further damage to the blockchain network. The results demonstrate that this architecture successfully addresses the bottlenecks 
of inadequate targeted defense in existing blockchain systems and significantly improves operational efficiency and security. 
Experimental validation indicates that the architecture exhibits substantial practical value in scenarios such as decentralized 
finance (DeFi) and supply chain management, laying a solid foundation for the widespread application of blockchain technology 
in real-world settings.
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1　Introduction

Blockchain technology has revolutionized industries such as finance and supply chain management by eliminating 
centralized intermediaries and ensuring data immutability. However, its decentralized nature introduces unique security 
risks. For example, 51% attacks enable malicious actors to manipulate transaction histories, as seen in the 2020 Ethereum 
Classic breach[1], while smart contract vulnerabilities—such as the 2016 DAO attack exploiting reentrancy flaws—have 
caused over $1.4 billion in cumulative losses[2]. Furthermore, quantum computing advancements threaten to break 
classical encryption algorithms (e.g., RSA and ECC) within the next decade [3], necessitating urgent upgrades to blockchain 
security frameworks.

Existing solutions often address isolated aspects of these challenges. For instance, Proof of Stake (PoS) reduces energy 
consumption compared to Proof of Work (PoW) but remains vulnerable to Sybil attacks [4], and network-layer defenses like 
IP filtering fail to adapt to dynamic attack patterns. To bridge these gaps, this paper proposes a holistic security 
architecture inspired by Web attack mitigation strategies. Our key contributions include:

A Dynamic Node Isolation Mechanism: Leveraging LSTM-based behavioral analysis to detect and quarantine Sybil 
nodes within 120 ms, reducing false positives by 40% compared to rule-based methods [5].

Quantum-Resistant Design: Integrating lattice-based cryptography (NTRU) to protect against Shor ’ s algorithm, 
ensuring long-term security.

Real-World Validation: Demonstrating 1,532 TPS throughput under DDoS conditions in a simulated DeFi environment 
with 1,000 nodes, alongside an 89% reduction in supply chain data tampering incidents..

2　Blockchain Security Challenges and Architecture Design

A Overview of Blockchain Security
Blockchain technology, as a decentralized distributed ledger architecture, offers significant advantages in data 

transparency, immutability, and trustless mechanisms. However, its rapid development and widespread adoption have 
introduced increasingly prominent security challenges. While blockchain's core characteristics provide robust protection 
against data tampering and ensure transparency, they also create new vulnerabilities [4].

For example, the decentralized nature of blockchain reduces reliance on traditional trust intermediaries but disperses 
security responsibilities across individual nodes, increasing network complexity and the risk of vulnerabilities [5]. 
Additionally, blockchain's anonymity, while enhancing privacy, also facilitates illegal activities such as money laundering, 
posing regulatory and legal challenges [6].

Moreover, scalability remains a critical issue. As blockchain applications expand in decentralized finance (DeFi) and 
smart contracts, the system's throughput and processing capacity have become significant bottlenecks [7]. Balancing 
security enhancements with operational efficiency is essential to prevent performance degradation.
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In summary, although blockchain architecture is inherently secure, evolving threats necessitate a comprehensive 
approach to address multi-dimensional challenges during deployment and application [8].

B Major Security Threats Faced by Blockchain
Blockchain systems, despite their robust and decentralized design, are not immune to a variety of security threats. 

These threats encompass attacks on consensus mechanisms, vulnerabilities in smart contracts, exploits at the network 
layer, privacy breaches, and emerging risks posed by quantum computing [9].

One of the most significant threats to blockchain systems is the 51% attack, which primarily targets Proof-of-Work 
(PoW) consensus mechanisms. In this scenario, a malicious entity that gains control of more than 50% of the network's 
computational power can rewrite the transaction history, enabling double-spending and undermining the integrity of the 
blockchain. A prominent example of this occurred in 2018 when Bitcoin Gold, a cryptocurrency based on Bitcoin's 
codebase, fell victim to a 51% attack, leading to substantial financial losses [10]. Another notable threat is the Sybil attack, 
where an attacker creates multiple fake identities to manipulate the consensus process. Blockchain systems typically 
mitigate this risk through identity verification protocols and reputation-based mechanisms, which help ensure that only 
legitimate participants influence the network [11].

Smart contracts, while a powerful feature of blockchain technology, are also susceptible to various vulnerabilities. One 
such vulnerability is the reentrancy attack, where an attacker exploits recursive function calls to repeatedly withdraw 
funds from a vulnerable contract before the initial transaction is completed. A well-known instance of this occurred in 
2016 during the DAO attack, which resulted in a loss of approximately $50 million [12]. Another critical vulnerability is 
integer overflow, where attackers manipulate integer operations to cause unauthorized fund transfers. In 2018, an 
Ethereum-based smart contract experienced a significant financial loss due to an integer overflow vulnerability, 
highlighting the importance of rigorous code auditing and secure development practices [13].

At the network layer, blockchain systems face threats such as Distributed Denial of Service (DDoS) attacks, where 
malicious actors flood the network with excessive requests, disrupting transaction processing and data synchronization 
[14]. Another network-layer threat is the eclipse attack, in which an attacker isolates a specific node from the rest of the 
network, manipulating its view of the blockchain. This isolation can enable double-spending or other malicious activities 
by controlling the information available to the targeted node [15].

Privacy concerns also pose a significant challenge to blockchain systems. While the transparency of blockchain 
enhances trust and accountability, it simultaneously exposes transaction details, potentially compromising user privacy. 
To address this, advanced cryptographic techniques such as zero-knowledge proofs (ZKPs) and homomorphic encryption 
have been developed. These methods allow for the verification of transactions without revealing sensitive information, 
thereby balancing the need for transparency with the imperative of confidentiality [16].

Finally, the advent of quantum computing introduces a new dimension of risk to blockchain security. Quantum 
computers, leveraging algorithms such as Shor's algorithm, have the potential to break traditional cryptographic systems, 
including RSA and elliptic curve cryptography (ECC), which are widely used in blockchain networks. To mitigate this 
threat, researchers and developers are exploring quantum-resistant algorithms, such as lattice-based cryptography (e.g., 
NTRU), which are designed to withstand attacks from quantum computers [17]. These efforts are critical to ensuring the 
long-term security and viability of blockchain systems in the face of rapidly advancing quantum technologies..

3　Blockchain Security Architecture Against Web Attack Vectors

This chapter systematically addresses blockchain security challenges through a four-phase methodology. First, we 
conduct a multidimensional threat analysis covering consensus mechanisms, smart contracts, and emerging quantum 
risks. Second, we propose a consortium blockchain architecture integrating adaptive governance, hybrid consensus,and 
quantum-resistant cryptography.Third, experimental validation is performed on high-performance computing clusters to 
quantify defense efficacy and system performance. Finally, comparative benchmarking against mainstream frameworks 
demonstrates architectural superiority. The integrated approach bridges theoretical security models with practical 
implementation requirements, providing a comprehensive solution for next-generation blockchain systems.

C Security Threat Solutions Analysis
Blockchain systems face multidimensional security challenges despite their decentralized design. At the consensus 

layer, the 51% attack remains a critical threat to Proof-of-Work (PoW) mechanisms, where malicious control of over 50% 
computational power enables transaction history manipulation, as evidenced by Bitcoin Gold's 2018 breach resulting in 
$18 million in losses [10]. Parallelly, Sybil attacks threaten network integrity through fake identity proliferation, requiring 
identity verification and reputation-based mitigation strategies [18].

Network-layer threats compound these risks. DDoS attacks can flood blockchain networks with over 10 Gbps traffic, 
disrupting transaction finality [19], while eclipse attacks isolate target nodes to enable double-spending by controlling over 
80% of victim connections. Privacy challenges persist despite blockchain's transparency: 78% of Ethereum transactions 
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expose identifiable behavioral patterns[20]. Emerging quantum computing exacerbates risks, with Shor's algorithm 
theoretically breaking 256-bit ECC encryption using at least 1500 qubit systems.

D Consortium Blockchain Architecture
To address these challenges, we propose a consortium blockchain architecture integrating four core principles. First, 

adaptive governance combines centralized policy enforcement with decentralized transaction validation, enabling 
regulatory compliance while preserving node autonomy. Second, layered defense mechanisms deploy LSTM-based 
behavioral analysis (98.7% Sybil detection accuracy) and smart contract-triggered node isolation (120ms response). Third, 
hybrid consensus merges PBFT's Byzantine fault tolerance with PoS energy efficiency, achieving 1, 532 TPS with 200ms 
latency. Fourth, quantum resilience employs NTRU lattice cryptography and zero-knowledge proofs, limiting ZKP 
verification overhead to 15ms per transaction.

The architecture achieves multi-dimensional optimization:
Security: 100% prevention of simulated 51% attacks through dynamic hash power monitoring
Scalability: 40% throughput gain via transaction sharding across 1,000+ nodes
Privacy: 92% reduction in identifiable transaction patterns using zk-SNARKs
Future-proofing: NTRU encryption withstood 10,000 quantum decryption attempts in testing.
E Experimental Validation
Experiments were conducted on three CentOS 7.9 servers with Xeon Silver 4214 CPUs (24 cores), Tesla M10 GPUs, and 

48GB RAM, simulating real-world blockchain conditions. The defense module demonstrated 98.7% true positive rate (TPR) 
for Sybil detection versus 82.4% in rule-based systems, while reducing false positives from 4.8% to 1.2%. Consensus 
latency remained stable at 186±14ms under 1,500 TPS load, outperforming Ethereum 2.0's 6.8s finality time.

Quantum resistance tests subjected NTRU-256 encryption to 10,000 Grover algorithm iterations, showing 0% private 
key recovery success. Storage overhead increased marginally by 18% compared to ECC, while ZKP verification maintained 
94.7% throughput efficiency versus non-private transactions.

F Comparative Analysis
As Table 1 demonstrates, the architecture outperforms mainstream frameworks across critical metrics:

The results validate the architecture's ability to balance security and performance, reducing 51% attack success 
probability from 33% (baseline) to 0% while maintaining sub-second transaction finality.

4　Conclusion

This paper addresses the security challenges faced by blockchain technology in practical applications by proposing a 
blockchain security architecture based on Web attack principles. By designing defense modules, network and consensus 
modules, and smart contract modules, the architecture achieves rapid identification and isolation of malicious nodes, 
enhancing the system's anti-attack capabilities. Additionally, the innovative introduction of adaptive consensus 
mechanisms, distributed detection technologies, and quantum-resistant encryption algorithms effectively improves 
system performance and security.

The research results demonstrate that the proposed security architecture exhibits significant practical value in real-
world scenarios such as decentralized finance (DeFi) and supply chain management. However, this research also has 
certain limitations, such as the need for further exploration of performance optimization in large-scale blockchain 
networks. Moreover, with the rapid development of quantum computing technology, its potential threats to blockchain 
security require continuous tracking and research. Future work will focus on in-depth optimization of multi-chain 
interoperability technologies and privacy protection mechanisms, further enhancing the applicability and security of 
blockchain systems in multi-scenario applications[21].
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