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Abstract: Blockchain technology offers a massive network with built-in security features that 
encompass cryptography, decentralization, and consensus, which foster trust in transactions. IoT 
further looks as an emerging in finance and security that are the application of blockchain. The basic 
need for every blockchain consumer is the first to prioritize data confidentiality, integrity, and 
availability. In the era of 2025, trust is a necessary part of security for third parties, which handle the 
privileges of private and public.  The mentioned advantages and disadvantages motivated us to 
provide an advancement and comprehensive study regarding the applicability of blockchain 
technology. This paper focuses on blockchain security issues for blockchain and sorts out the 
security risks in six layers of blockchain technology by comparing and analyzing existing security 
measures. The text also investigates and describes various security threats and obstacles associated 
with implementing blockchain technology, fostering theoretical inquiry and the creation of strong 
security protocols in current and forthcoming distributed work settings.  
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1. Introduction 

Initially presented in 2022, blockchain serves as the distributed ledger that records bitcoin transactions, 
with the mining of the genesis block by Nakamoto in 2009 confirming the viability of the blockchain 
concept [1]. The conceptual framework included an E-cash system utilizing a peer-to-peer (P2P) network, 
encryption, timestamps, and blockchain technology [2]. This application permits peers to exchange value 
through transactions without the necessity for a central authority, thus protecting consumer privacy and 
preventing identity theft [3]. Blockchain technology has been utilized in various sectors as part of the 
framework for businesses that need openness, reliability, and trustworthiness [4] since its early days, 
expanding from its origins in cryptocurrency to modern blockchain applications for Industry 5.0[5-7]. 
Nevertheless, with the widespread use of blockchain technology and the ongoing emergence of new 
advancements, the challenges and risks associated with it are increasingly growing. In the Ethereum 
network, a smart contract refers to a piece of code that is deployed so that it is accessible to all users [8]. 
The adoption of blockchain technology in the healthcare industry can cover various facets of hospital 
operations, including processes, oversight, data management, financial transactions, auditing, and record 
keeping, while also offering essential technical support for reorganizing the hospital's information systems 
and workflow. Advances in blockchain technology from versions 1.0 to 5.0 [9–13] enhance its suitability 
and reliability for commercial applications and business needs: Blockchain 1.0, 2.0, 3.0, 4.0[14,15], and 
5.0[16,17] represent distinct stages of application rather than successive advancements. Each version, from 
1.0 to 5.0, operates within its area of development, contributing to different sectors. Figure 1 illustrates the 
extent of technical progress within the blockchain, while Figure 2 illustrates the differences between 
traditional networks and those utilizing blockchain for transparency. 
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Figure 1. The extent of technological advancement in blockchain [122]. 

 
Figure 2. The comparison of transparency networks between conventional systems and blockchain 

technology[123]. 
Since the introduction of blockchain 2.0, the technology has moved beyond being limited to currency 

transactions, exploring its applications in various financial and inter-organizational interactions, with the 
rise of multiple sources without sacrificing privacy. It ensures transparency without revealing 
digitalization, and blockchain 3.0 offers enhanced distributed storage and scalability while maintaining 
security and facilitating data integration ownership, guarantees interoperability without adding 
unnecessary complexity, and establishes a means of authentication. The adaptability and diverse 
functionalities of blockchain technology present vast opportunities for innovation, integration, and 
sustainability in healthcare. 
1.1. Understanding the Concept and Features of Blockchain:  
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To begin with, from a technical standpoint, blockchain is not a new concept but rather a combination 
of pre-existing technologies:  
• A pe.39er-to-peer network with an immutable distributed ledger: this ensures that the ledger maintained 
by a single node is fundamentally unchangeable due to the architecture of the blockchain.  
• Security mechanisms such as encryption: cryptographic techniques and hashing algorithms provide 
protection and confidentiality for transactions.  
• Consensus algorithms: these are purely mathematical methods used for the collective verification of the 
blockchain, fostering a trusting relationship among all parties while utilizing technology to uphold the 
agreement results.  
• Smart contracts: Introduced by Billy in 2021, this notion of a contract is termed “smart” as it encompasses 
a collection of arrangements that participants can uphold. Smart contracts facilitate trustworthy business 
transactions without the need for intermediaries, aiming primarily to enhance security and lower 
transaction costs associated with traditional contracts. Consequently, they ensure that every transaction 
among nodes is credible and dependable.[18] 

 Secondly, from a principled perspective, blockchain represents a distributed-shared ledger 
technology, which establishes a decentralized, machine-trusted, and widely distributed shared ledger 
system, employing an optimal mathematical solution to create a framework for trust and consensus among 
all entities involved. 
1.2. Blockchain characteristics: 
1.2.1. Transparency and accessibility:  

The system is accessible to all participants, granting them the right to be informed and to benefit equally 
from blockchain data.  
1.2.2. Consensus:  

Specific nodes vote to expedite verification and transaction confirmation; when multiple nodes agree 
on a transaction without any vested interests, it reflects the consensus of the network.  
1.2.3. Equitable competition:  

The actions of all nodes are governed by algorithms, which also dictate the rights to accounting. 
1.2.4. Accuracy and Completeness:  

Every record is documented accurately and comprehensively under oversight.  
1.2.5. Secure and Trustworthy:  

Data encryption and cryptographic techniques safeguard against data tampering and forgery; a 
sophisticated checksum-sharing approach ensures integrity, availability, and confidentiality. Multiple 
threats are identified through an encryption standard (digital signature) where each node possesses its key, 
and packet transmission occurs only when the key is valid [19]. 
1.2.6. Limitations and Challenges of Blockchain Security  

Health information is gathered from various medical data sources and complex data formats. While 
data sharing enables the interaction of electronic health records (EHR) across different healthcare 
platforms, it also poses risks to patient privacy. Several technical challenges hinder the widespread 
adoption of blockchain technology in the healthcare sector [20–24]. 
1.2.7. Limited transaction performance and scalability:  

The blockchain suffers from restricted transaction processing capabilities and delays in forming 
transaction blocks. The proposed solutions for expansion include:  
1.2.8. Sharding:  

This approach involves splitting the overall state of the blockchain into separate blocks that can be 
processed simultaneously.  
1.2.9. Off-chain:  

Moving the computation and verification processes to a separate protocol off-chain can lead to higher 
transaction throughput; in this scenario, the blockchain serves merely as an agreement layer to oversee a 
series of transactions.  
1.2.10. DAGs:  

(Directed acyclic graph): a graph structure that comprises vertices and edges (vertices represent entities 
within the graph, while edges indicate relationships between these entities). A DAG ensures that no cycles 
exist, facilitating the arrangement of nodes following a topological order. 
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1.3. Limited privacy protection:  
Although blockchain is decentralized and tamper-proof, its transparent nature allows participating 

organizations to access the user’s ledger. This openness can increase the risk of privacy breaches, as 
unmasked users’ data on the blockchain heightens the potential for privacy violations. In current public 
chain systems such as Bitcoin, all transaction details are visible (including the amounts involved). This 
transparency does not comply with certain regulatory privacy standards, like the General Data Protection 
Regulation (GDPR) [25]. 

There is a pressing need for advancements in associated security technologies to address these issues: 
1. Homomorphic encryption (HE) secures transaction data by encrypting it with a public key. 

Transactions are conducted as operations on ciphertext, and the resulting ledger remains encrypted 
and stored. Even if a node is compromised, the ledger information cannot be decrypted. The HE 
process is illustrated in Figure 3.  

2. Zero-knowledge proof (ZKP) allows for verification without providing any valuable information from 
the verifier while keeping the message being proven hidden during the verification process.  

3. A trusted execution environment is a secure area within the main processor that guarantees the 
confidentiality and integrity of the code and information processed inside it.  

4. Storage limitations pose a significant challenge because the blockchain database is permanently 
recorded and can only be appended to, not altered. As a result, the cost of data storage becomes a major 
burden for the distributed network, requiring each full node to continually store an ever-growing 
amount of data. Thus, storage represents a substantial hurdle for any practical blockchain-based 
application. 

Currently, the storage options available on public blockchains include the following:  
 
 
 
 
 
 
 
 
 
 

Figure 3. The advancement of homomeric encryption [124]. 
1.3.1. Swarm:  

A peer-to-peer sharing protocol built on Ethereum that enables users to save application code and data 
within swarm nodes beneath the main chain, allowing data exchange via the blockchain. 
1.3.2. The Storj network:  

This approach breaks files and data into smaller pieces, encrypts them, and distributes them across 
various nodes, ensuring that each node holds only a fraction of the total data.  
1.3.3. The IPFS:  

An optional hypermedia protocol that facilitates a peer-to-peer model for block storage based on 
content-addressable links, allowing for the permanent and distributed storage of files and providing 
historical access to versions, thus eliminating duplicate files.  
1.3.4. Decent:  

A decentralized platform for content sharing that enables users to upload and monetize their works 
(such as videos, music, e-books, and electronic health records) without the need for a centralized third-
party service. 
1.3.5. Alliance chain:  
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Data can be stored on the alliance chain, where the blockchain operating system retains only the most 
recent information while archiving historical data for preservation. Table 1 outlines the benefits and 
drawbacks of blockchain technology [26–28]. 

Table 1. The benefits and drawbacks of blockchain technology. 
Lower expenses and enhance 

productivity. 
The effectiveness in terms of cost has 

not been established. 

Safe, reachable, and instantaneous. 
Concerned about the problem of data 

leakage. 

Database of network transactions Regulatory challenges and technical 
issues. 

Enhanced protection against "pushing." Possible threat to the integrity of the 
data set. 

Simple interaction in the broader 
network. 

Less extensive networks raise the same 
issue. 

Blockchain technology is utilized in the healthcare industry to tackle security risks, while homomorphic 
encryption is a popular technique for ensuring the privacy and security of electronic health records. Table 
2 illustrates a comparison between the use of blockchain technology and homomorphic encryption. 

Table 2.The examination of how blockchain technology and homomorphic encryption are 
implemented. 

References Application Domain Implemented 
Algorithm Summary 

[29] 

Healthcare insurance 
claims utilizing 

blockchain 
technology 

Paillier cryptographic 
system 

The hospital receives 
a request from the 

insurance company 
to confirm the 
accuracy of the 

patient’s electronic 
health record. 

[30] 
Digital Copyright 
Safeguarding for 

Property 

Algorithm for large 
prime numbers (LPN) 

Auctioning on a 
blockchain platform 

to safeguard the 
digital copyright of a 
property practically 

and efficiently. 

[31] 

Auctioning on a 
blockchain platform 

to safeguard the 
digital copyright of a 
property practically 

and efficiently. 

HE(Homomorphic 
Encryption), 
Completely 

homomorphic 
encryption (CHE) 

The document 
outlines a variety of 
possible uses for HE 
across different fields 

to assess the 
significance of data 

privacy and security. 

[32] 

Sharing sensitive 
biomedical 

information in the 
public cloud. 

EIGamal, Discrete 
Algorithms 

Reduce the risk 
associated with 
sharing medical 
information on 

public cloud 
platforms. This 

model's drawback is 
that it requires an 
online connection. 
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[33] 
Collection and 

storage of personal 
health data. 

BGV(Brakerski-
Gentry-

Vaikuntanathan) 
scheme, Leveled 

homomorphic using 
modulus switching 

The writer suggested 
a system that utilized 

homomorphic 
encryption to ensure 

the security of 
personal health 

information 
gathered, stored, and 

transmitted in the 
cloud. 

[34] 
Healthcare system for 

querying medical 
side effects. 

Smart and 
Vercauteren, Style 

An implementation 
model for a privacy-

preserving query 
system that is 

efficient in terms of 
time applied to a 

real-world medical 
side effect inquiry 
system. Although 

there is an increase in 
communication 

costs, whether using 
threads or not, it 
remains feasible. 

[35] Gathering medical 
information 

Fan and Vercauteren 
Lattice-based 
homomorphic 

encryption 

He applied clinical 
research to assist 

patients and 
physicians in 

speeding up the 
process of learning 

from real-world data. 
Motivation and Contribution The characteristics of cryptography require substantial hardware 

infrastructure and software tools for effective data processing and computational tasks; it is unrealistic to 
rely on standard computing components (like CPU or GPU) to achieve an adequate performance level. 
Moreover, the operation of large-scale machinery, particularly during encryption and decryption 
operations, generates significant noise and heat, which present considerable challenges to computation 
speed and memory management. While the academic community has explored blockchain technology’s 
architecture, privacy, and network security extensively, there has been limited thorough investigation into 
its applications within the medical sector. This article begins with a foundational overview of blockchain 
theory and advances to its security architecture, performing a detailed analysis of the challenges and future 
directions for blockchain in healthcare while integrating prospective medical innovations with 
contemporary cryptographic encryption techniques. Additionally, it aims to serve as a practical guide for 
advancing blockchain technology in the healthcare sector, offering comprehensive theoretical insights and 
robust security protocol development to foster the adoption and progress of blockchain in medical 
applications. From this introduction, we can gain an understanding of the blockchain concept, its 
operational mechanics, as well as its limitations and challenges.  

The subsequent sections of the paper are organized as follows: Section 2 provides a review of existing 
literature. Section 3 examines the security challenges across six layers of blockchain technology. Section 4 
discusses a comparative analysis of blockchain-based healthcare applications and data management 
practices. Section 5 delves into prospective research areas concerning blockchain security, while the 
concluding section presents the overall conclusions drawn from this study. 
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2. Literature Review 
With the extensive adoption of Bitcoin and the rapid advancement of decentralized platforms in both 

financial and non-financial domains, blockchain technology has sparked a surge of global research interest. 
Blockchain facilitates the sharing of electronic health records (EHR) between end-users and healthcare 
systems without hindering communication[36]. This is achieved through trust lines and interoperability 
certifications enabled by distributed ledger technology. Contemporary healthcare applications prioritize 
user privacy and the safeguarding of shared data to thwart unauthorized access by malicious actors. 
Consequently, trust, authentication, and privacy are essential for the exchange of EHRs among various 
participants[37]. Vulnerabilities in mechanisms, attack strategies, and security protocols are critical factors 
contributing to security threats at all levels within the blockchain[38,39]. While it offers security assurances 
in a trustless setting, it also encounters a range of security and privacy challenges. Numerous countries 
and organizations have shifted their research focus toward enhancing blockchain security. This article 
addresses security concerns related to blockchain technology and its applications in the healthcare sector, 
organizing the security risks according to a six-layer architectural model to evaluate and analyze current 
security strategies to develop a more robust secure protocol in the blockchain context. The conceptual 
framework of parallel security offers valuable technical and theoretical support for research initiatives on 
blockchain security. A framework that centers on a parallel healthcare system is suggested to model and 
illustrate a patient's condition, diagnosis, and treatment journey, aiming to provide accurate predictions 
and guidance for disease diagnosis and treatment through parallel execution [40]. 
2.1. The Importance and Study of Security in Blockchain 

From the beginning of blockchain technology, there have been five evolutions of technological 
advancements, and the array of applications has expanded significantly [41]. It is crucial to explore and 
analyze the security challenges related to blockchain technology. Examining blockchain security promotes 
accelerated innovation development. Blockchain encompasses various elements such as cryptographic 
fundamentals, distributed consistency, economic incentives, and network security. Investigating 
blockchain security fosters the advancement of technology. Inadequate theoretical security assessments, 
insufficient code reviews, and recurring security issues hinder blockchain development. Researching 
secure and efficient solutions can be applied to various healthcare contexts, and an increasing number of 
application cases can further evaluate the practical security of blockchain. Studying blockchain security 
contributes to establishing a reliable programmable society. The programmability and automated 
execution of smart contracts exhibit their intelligent characteristics; investigating the security of blockchain 
can enhance the security standards and design principles of smart contracts, streamline the development 
process, and improve interoperability. A secure blockchain framework and self-executing smart contracts 
can technically enforce agreements, minimize default risks, and create a trustworthy programmable 
society. Examining blockchain security aids in achieving manageable oversight. The unchangeable and 
anonymous nature of blockchain poses difficulties for regulatory enforcement. A supervisory mechanism 
can identify and prevent illicit activities within the system, serving as a security response following a 
system compromise. Analyzing current blockchain vulnerabilities, possible attack vectors, and privacy 
protection strategies is advantageous for developing network monitoring approaches and creating more 
effective and secure regulatory frameworks. 
2.2. Goals for Security in Blockchain 

Based on the security requirements of the network system, the fundamental objective of building a 
blockchain system is to utilize cryptography, network security, and various technical methods to safeguard 
all aspects of the blockchain security framework [42]. Security goals like consensus security, smart contract 
security, privacy safeguards, and content protection are intricately linked to data security [43]. The 
advancement of quantum technology based on digital and networked resources will lead to quicker and 
more sophisticated blockchain solutions, along with opportunities to enhance security and efficiency 
within blockchain systems [44-46]. Kashyap explores a method to incorporate blockchain and quantum 
cryptography into a quantum cryptosystem [47]. The advancement and safety of network technology go 
hand in hand and are closely aligned, and the security weaknesses and privacy threats present in IoT 
systems can be effectively tackled using blockchain technology[48]. The IoT applications in the healthcare 
sector help reduce communication barriers between healthcare professionals and patients, allowing for 
remote diagnoses during emergencies via smart devices and sensors. In healthcare, blockchain technology 



Journal of Computing & Biomedical Informatics                                           Volume 08  Issue 02                                                                                         

ID : 848-0802/2025  

is primarily utilized as it provides decentralization, ensuring immutability, security, privacy and 
transparency [49]. Healthcare systems, the Internet of Things (IoT), and blockchain are interconnected and 
utilize dependable resources. During the process of technical integration,[50] investigated a new paradigm 
concerning security risks and challenges. In Monrat’s study[51], conducted a comparative analysis of 
various consensus mechanisms and explored the challenges. 
2.3. Agreement on Security 

Blockchain 2.0, as it is often called, allows for the use of a full programming language to develop smart 
contract applications on the blockchain[60]. The security of smart contracts is a critical consideration, as 
they involve financial elements that attract various hacking attempts and make the blockchain network 
vulnerable to attacks. Given the characteristics of smart contracts, they activate across the blockchain 
network to each node when certain predefined conditions are satisfied. This system is intended to ensure 
that all parties involved in transactions receive their fair share or contract amount once the specified 
conditions are fulfilled. They are automatically triggered and cannot be halted. However, there are several 
disadvantages, such as the potential for exploiting smart contracts to carry out unwanted actions on the 
targeted machine without the user's awareness, including attacks that can withhold access to blockchain 
services [61,62].Pool attacks [63]. And unobtrusive snares [64].  
2.4. Protection of Privacy and Content 

A significant aspect of the blockchain is the confidentiality of a user's identity while engaging with the 
network and concealing transactions involving other individuals. However, achieving this is challenging 
since the blockchain network operates as an open system, allowing every node to validate the authenticity 
of the blocks. The anonymity feature is maintained in the blockchain to safeguard user privacy, yet it can 
be compromised in various ways [65]. De-anonymization can be achieved through various types of attacks, 
some of which are typical of network attacks while others are specifically targeted at blockchain. A 
straightforward network scan or analysis may reveal information about the incoming blocks and their 
sources [66]. Address clustering can be utilized to distinguish the creators of the initial block, typically 
miners, by identifying blocks that lack an origin-destination pair [67,68], While it's challenging, it is 
achievable. An effort to remove anonymity from user data was conducted in [69]. By employing transaction 
fingerprinting, which analyzes the hour of the day, minute of the hour, coin movement, and input/output 
balance, it is possible to identify nearly 40% of Bitcoin users. Different forms of mixing services exist [70,71] 
that can help safeguard the user's identity and transactional data. In addition, utilizing a VPN and the Tor 
network can enhance online anonymity and shield user identification within the blockchain network. 
2.5. Concurrent Security of Blockchain 

The parallel security theory of blockchain employs parallel intelligence along with the AHP(Analytic 
Hierarchy Process) method, which consists of artificial systems, computational experiments, and parallel 
execution [72,73] to understand the process of making security decisions [74]. Revised security theory 
formulates synthetic blockchain architectures by precisely outlining the static attributes and dynamic 
functions of essential components, including consensus protocols, node statuses, network conditions, and 
incentive mechanisms tied to security. Figure 4 illustrates the idea of revised security[75], By employing 
the artificial system (A) approach, we can model the actual blockchain system to accurately represent its 
operational state. We conduct method calculation experiments (C) to distinguish artificial attack scenarios, 
perform analysis, and evaluate results within the artificial system to understand the evolution patterns and 
develop countermeasures for the actual blockchain system in response to various attacks. Furthermore, we 
aim to create an optimal “scenario-response” knowledge database utilizing the parallel execution (P) 
technique, where both the parallel execution and artificial systems evolve alongside real systems under 
identical attack conditions, facilitating training, learning, experimentation, education, and management of 
the actual blockchain system. 

The parallel security framework can enhance the decision-making process related to blockchain 
security, precisely and effectively addressing the security risks faced by the system during its real-world 
operation [76]. Nevertheless, parallel security primarily serves as a framework for guiding both attacks 
and defenses. Its execution requires a gradual resolution of issues related to general modeling, attack 
simulation, computational experiments, intelligent blockchain analysis, bidirectional guidance, and the co-
evolution of artificial systems with real-world systems. 
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Figure 3. A structure of simultaneous security measures on the blockchain[125]. 
 

3. Materials and Methods 
Reworded_TEXT: 
Sybil attacks occur when hackers create fake network nodes and flood the target network with a large 

volume of false identities, potentially resulting in system failures and disrupting transactions on the 
blockchain. To guard against Sybil attacks, employ appropriate consensus algorithms, monitor the 
behavior of other nodes, and remain alert for nodes that are simply passing along blocks from a single user. 
Phishing attacks aimed at blockchain platforms are increasingly common and pose serious challenges. In 
a phishing scheme, the attacker seeks to gain access to the user's credentials. They might send emails that 
look authentic to the wallet key holder. When the user inputs their login information via a fraudulent link, 
the hacker acquires the credentials and other confidential information. Improve the security of your 
browser and devices by using software that identifies malicious links or reputable anti-malware 
applications, and make sure that your systems and software are regularly updated. Avoid clicking on 
unknown links, and when logging into an online wallet or managing sensitive data, do not enable Wi-Fi 
during online banking activities to reduce the chances of falling victim to phishing attacks. 

Routing attacks pose a significant danger to security and privacy in blockchain systems. Cybercriminals 
can take advantage of account anonymity to intercept data sent to internet service providers. This type of 
attack can compromise sensitive information or assets without the user's knowledge. To mitigate the 
chances of routing attacks, users should adopt secure routing methods (using certificates), encrypt their 
data, establish strong passwords and change them regularly, and stay informed about the potential risks 
related to information security. Threats to private key security: Blockchain relies on public-key 
cryptography, and any mishandling or improper application of this cryptography can create notable 
security gaps within the blockchain. If the key signing procedure in your blockchain is not carried out 
correctly, an attacker might be able to obtain your private key from the public key. Holding your private 
key grants full control over your data stored on a blockchain. 

The security of blockchain endpoints is a major concern. Cybercriminals may track user activity and 
target specific devices to access the user’s password. This is one of the commonly acknowledged 
vulnerabilities in blockchain security. To reduce endpoint risks, avoid saving blockchain keys as plain text 
on devices and perform regular system audits, keeping a record of the time, location, and access to devices. 
This section will reevaluate using the six-layer framework [82]. Each layer can be divided into two 
components: the fundamental module and the security module, as depicted in Figure 5. The fundamental 
module functions as the essential part to carry out the main tasks of this layer, while the security module 
serves as a safeguard to ensure the security of each layer and provide dependable technical assistance for 
the upper layer. 

Data Layer: The security component integrated within the data layer, along with other cryptographic 
elements, serves as the foundation for enabling the functions of the other five layers. The data layer is 
confronted with several security challenges: 

Quantum computing: The transactions and data blocks of the blockchain data layer rely on various 
cryptographic elements. To fulfill enhanced privacy protection requirements, certain blockchains 
necessitate the use of privacy technologies such as ring signatures and zero-knowledge proofs; however, 
these can compromise the security of the data layer.  
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Poor key management: Applications based on blockchain, particularly in the financial sector, are 
attractive targets for opportunistic attackers, especially concerning transactions of digital assets and 
healthcare that involve sensitive personal information. 

 Key leaks and losses: Due to inadequate usage and storage practices, users can face significant losses; 
therefore, it is essential to implement an effective key management strategy. Password-protected secret 
sharing (PPSS) is a scheme for online threshold wallets, and it is emerging as a leading research focus for 
achieving secure key management in the blockchain domain going forward. 

 
Figure 4. The blockchain system architecture. 

RElated transactions: Many digital platforms utilizing blockchain technology employ digital 
pseudonyms, yet this technique offers only limited identity anonymity; the relationships between 
transactions and their amounts are visible on the blockchain. If an address is revealed, it may be possible 
to deduce all public key addresses associated with the user. By conducting transaction cluster analysis and 
transaction graph analysis, a user’s actual identity can also be inferred from the statistical features of their 
transactions. 

Code flaws: Certain cryptographic elements can contain imperfections and vulnerabilities during the 
compilation process. The transaction malleability attack is a type of exploit that targets weaknesses in data 
layer code; it takes advantage of the malleability of transactions through digital signatures during 
compilation and is frequently used to target bitcoin trading platforms. Initially, the attacker initiates a 
withdrawal from the trading platform. Subsequently, the platform generates a transaction for the attacker. 
The attacker then alters the transaction to create a new TXID(transaction ID) identifier, which they use to 
fabricate a new transaction and submit it to the network. If successful, the attacker ends up acquiring 
double the amount of bitcoin. Some research efforts focus on countering transaction malleability by altering 
the TXID(transaction ID) structure. 
3.1. Network Layer: 

The network layer encompasses various network technologies, with its primary role being to facilitate 
legitimate connection and efficient communication among blockchain nodes. The inherent security 
challenges of the technology will unavoidably pose security threats to the blockchain network layer:  
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• Security vulnerabilities in the P2P network: The peer-to-peer network [90,91] offers a distributed and 
self-organizing connection method for nodes within a peer-to-peer environment, but it lacks essential 
mechanisms such as identity verification, data validation, and network security oversight. Due to its 
unequal operational modes, the P2P network cannot effectively utilize firewalls, intrusion detection, and 
other measures for specific protection. Consequently, the nodes within the network are more susceptible 
to attacks. 

 • Network topology of nodes: The arrangement of nodes in the network can facilitate attackers in 
locating their targets and executing attacks. Adversaries can observe the network topology by either 
actively sending packets or passively analyzing the data packets exchanged between nodes. The eclipse 
attack [92] serves as a common attack strategy where attackers exploit the topological relationships among 
nodes to achieve network isolation. The solar eclipse attack may lead to further exploitations [93] as the 
attacker implements it on a node with superior computing power, leading to a disconnection of 
computational resources, impacting the distribution of mining rewards, and subsequently simplifying the 
execution of other attacks like self-mining or double spending [94].  

• Issues with privacy protection: Privacy safeguards at the data layer are unable to prevent the 
correlation between transactions and user IP addresses during network transmission; attackers may 
leverage this to monitor and trace IP addresses, compromising privacy protection. The network layer offers 
mixing services for anonymous transactions in the digital currency realm [95]. Mixing services involve 
combining and outputting multiple unrelated inputs to obscure the link to transactions, thereby ensuring 
that outsiders cannot trace the flow of digital currency for anonymous payments [96]. There are two 
categories of mixing services: centralized mixers and decentralized mixers: 

 • Centralized mixer: Conducted by a third-party server, where the user submits transaction tokens, 
and after several transactions are combined, the final output is sent to the intended recipient. This approach 
undermines the decentralization aspects of blockchain, posing risks like third-party backdoors that could 
steal tokens and create a single point of failure. The TumbleBit protocol serves as an off-chain currency 
mixing solution requiring third-party involvement, but it only knows how to provide services without 
accessing transaction specifics. 

 • Decentralized mixer: It creates a new transaction by randomly blending several transactions and 
redistributing the tokens based on the initial transaction, thus enabling anonymous payments. CoinJoin is 
a cryptocurrency mixing technology that operates independently of protocols. Users must rely on a third 
party to facilitate a transaction that combines multiple inputs, although CoinJoin technology is not entirely 
anonymous, the third party providing the service can track the flow of mixed currency transactions. 
3.2. Consensus Layer: 

The consensus layer is designed to ensure that nodes share the same valid view and communication 
method provided by the blockchain network, focusing on the creation of a more secure, efficient, and low-
energy cost consensus mechanism. A robust consensus mechanism can enhance the performance of the 
blockchain system, offer solid security assurances, accommodate application scenarios with sophisticated 
functions, and encourage the growth and expansion of blockchain technology. Nevertheless, the consensus 
mechanism has certain drawbacks, including incomplete security proofs, questionable security 
assumptions, limited scalability, inconsistent consistency, and challenges in initialization and 
reconstruction:  

•Incomplete security proof: When modeling security, consensus mechanisms must take into account a 
variety of factors, yet new consensus mechanisms are continuously being developed, and some 
frameworks struggle to fully certify the security of these new mechanisms. Kiayias introduced a model and 
proof method for security in synchronous networks. Much of the research on provable security related to 
consensus mechanisms primarily revolves around PoW, which typically considers only a single factor. 
Additionally, the complex nature of network environments complicates the security analysis of consensus 
mechanisms. 

 • Questionable security assumptions: The security assessment of contemporary cryptosystems is 
based on computational complexity theory, but some security assumptions can be easily compromised in 
real-world applications. For example, Bitcoin's use of PoW can become vulnerable if a mining pool reaches 
56.5% of the computational power, which can undermine the security assumptions of PoW, hindering the 
verification and recording of transactions and disrupting the consensus mechanism's activity. 
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 • Inconsistent consistency: Consistency is a crucial property for evaluating the security of the 
consensus mechanism, but ensuring stable consistency in real-world applications is challenging. Even 
proof of elapsed time (PoET) and proof of luck (PoL) depend on trusted hardware to provide randomness, 
ensuring that network conditions do not influence the consistency of the consensus mechanism. 

 • Limited scalability: Scalability is a vital characteristic in the study of consensus mechanisms and 
is essential for the usability of blockchain. As new blocks are created, they will accumulate, but the number 
of transactions within each block remains constrained. The Elastico protocol represents the first consensus 
mechanism that employs sharding concepts on the blockchain. The legal digital currency framework 
RSCoin, proposed by the Bank of England, also incorporates sharding technology into its permissioned 
blockchain to enhance scalability. While sharding technology theoretically addresses scalability issues, it 
introduces complexities related to cross-chain transactions, necessitating strong security assumptions and 
potentially diminishing blockchain security. 

 •      Unstable consistency: The initialization process of a blockchain is crucial for confirming the 
stability and reliability of the consensus mechanism, as it directly impacts the safety and dependability of 
the subsequent consensus mechanism operations. Currently, there are two methods for initializing a 
blockchain; one involves using a third party to create the genesis block. This contradicts the decentralized 
design principles of blockchain and is unsuitable for permissionless blockchain solutions within a P2P 
network; it also fails to guarantee the randomness and security of the genesis block generated by the third 
party, possibly affecting the formation of subsequent blocks. The alternative method is to derive it from an 
existing natural transition; a well-established blockchain dependent on a mature PoW-based blockchain is 
used to create a genesis block, which adds to the complexity of the initialization process. The vulnerabilities 
inherent to PoW can directly compromise the security of the genesis block as well as the creation of future 
blocks.  

• Challenging initialization and recovery: The consensus mechanism provides blockchain with 
immutability and enhances its reliability, but it also complicates the process of recovery. If the security is 
compromised, restoring the blockchain to its state before the attack is ineffective without the intervention 
of trusted third parties. A hard fork [105,106] currently stands as the only viable method for reconstructing 
the blockchain. Nonetheless, there are numerous constraints associated with hard-fork reconstruction, and 
the hard-fork process may lead both parties to lose interest in these legal transactions. 

 Incentive Layer: 
In a permissionless blockchain, the incentive and consensus layers are interconnected, working together 

to ensure the security and stability of the blockchain system. The design of the consensus mechanism will 
influence the choice of incentive participants and the strategy for distributing rewards; likewise, the design 
of the incentive mechanism is linked to the security of the consensus process and the overall stability of the 
blockchain. Nodes that engage in transaction validation and block creation to earn higher rewards might 
adopt strategies that are detrimental to maintaining the system, which could even pose security risks. 
Consequently, the incentive layer requires the detection of strategic behavior and the optimization of a 
dynamic reward system.  

• The selfish mining attack: Under ideal conditions, a node should receive mining rewards proportional 
to its computational power in a Proof of Work (PoW) blockchain; however, in practice, certain nodes may 
obtain rewards exceeding their fair share, resulting in a selfish mining attack. This type of attack, proposed 
by Eyal in 2013, targets PoW and is challenging to identify and prevent. In theory, PoW-based 
permissionless blockchain systems can be vulnerable to selfish mining, which represents a significant risk 
to system security and the fairness of the incentive mechanism. 

 • Block withholding: Mining pools lower the barriers for nodes to engage in mining, enabling broader 
participation for reward acquisition. However, some mining pools might exploit the reward distribution 
strategies of their target mining pools to carry out block-withholding attacks that yield higher rewards. 
This can involve tasking certain miners with joining the target mining pool to generate an invalid 
workload, thus sharing in the target pool’s rewards while ultimately seeking greater compensation from 
their mining pool. 

 • Unsustainable problem: The incentive structures of cryptocurrencies like Bitcoin encompass block 
rewards and transaction fees, yet the primary income for miner nodes increasingly diminishes due to 
capped block rewards. As block rewards dwindle, these blockchains are forced to rely solely on transaction 
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fees, which raises sustainability concerns. Research by Carlsten has examined the viability of blockchains 
that depend exclusively on transaction fees to incentivize nodes, highlighting the difficulty of avoiding a 
tragedy of the commons scenario. This can lead to numerous blockchain forks, undermining the security 
and efficiency of the blockchain. Nevertheless, the inflation associated with continuous token issuance 
means that block rewards may lose their allure over time. 
3.3. Layer of Contracts: 

A smart contract is a digital program that executes automatically based on agreed-upon terms between 
a buyer and a seller, encompassing the necessary code and data designed for deployment, forming the 
foundation of the contract layer. Ethereum is the first open-source platform for developing smart contracts 
because it is accessible to everyone and facilitates digital currency transactions; any exploitation of code 
vulnerabilities can lead to irreversible losses. 

 - Vulnerable code: Ethereum employs a scripting language for creating smart contracts, making it 
challenging to eliminate vulnerabilities. Based on a survey of smart contracts, various types of attacks on 
Ethereum smart contracts include transaction-ordering (TOD) attacks, timestamp dependency attacks, 
DAO(decentralize autonomous organization) attacks, stack size limit attacks, immutable bugs attacks, gas-
less send attacks, re-entrance attacks, and short address attacks. 

 - Issues with external data sources: While blockchain technology aims to provide secure payment 
methods without a trusted third party, smart contracts must obtain external data through reliable 
technology to interact with the outside world. The TLSNotary and Towncrier methods utilize the 
HTTPS(hypertext transfer) protocol to access external data but fail to ensure consistent and authentic data 
across different nodes and cannot prevent malicious alterations by the data provider's website or attacks 
that may lead to a single point of failure. The Auger approach requires particular users to deliver results 
at designated times through a penalty system yet does not offer users a way to access the system freely, 
limiting its practicality. 

 - Imperfections in formal verification: The security issues highlighted by Ethereum's EVM pose risks 
to the execution of smart contracts and the digital assets of users; therefore, formal verification and 
program analysis tools are needed to scrutinize the smart contract code and its execution. However, most 
available tools focus solely on detecting and verifying known vulnerabilities, underscoring the need for 
future research into existing anti-patterns and program analysis for real-time detection. 

•Concerns regarding privacy protection: Both Ethereum and Hyperledger function as open-source 
platforms. Smart contracts engage numerous users, and the execution of transactions necessitates users to 
share transaction details. Similar to the data layer, cryptography serves as a technical foundation for 
enhancing the privacy features of smart contracts. Some applications that require high levels of 
confidentiality and have intricate functions present challenges in the design and coding of smart contracts. 
Additionally, cryptography has its constraints in real-world applications. 
3.4. Application Layer: 

 Blockchain technology has found diverse applications in sectors such as finance, supply chain, and 
energy [118,119]. The application layer must embody the business functions relevant to various scenarios, 
and its architectural design may exhibit slight variations. This layer directly engages with users, 
necessitating a degree of uniformity in architectural design. Typically, the application layer comprises an 
API interface, cross-chain heterogeneity, and regulatory technology: 
3.4.1. Challenges in cross-chain operations:  

Given the plethora of heterogeneous blockchain applications, establishing connections between them 
through cross-chain technology is essential for creating a cohesive, interoperable, and reliable application 
network. Unlike traditional systems, decentralized blockchain achieves interoperability without relying on 
central nodes. The primary challenge faced by cross-chain technology is how to facilitate the linkage among 
decentralized blockchain platforms. Blockchain developers have been utilizing mechanisms such as 
notarization, sidechains or relay networks, hashed time-locked contracts (HTLC), and distributed private 
key management to enable interconnection among diverse blockchains. 
3.4.2. The absence of regulatory technology:  

Security incidents akin to those occurring in darknet transactions, ransomware attacks, and the theft of 
digital assets in Bitcoin and Ethereum have ignited significant discussions within the community 
concerning the insufficient oversight of blockchain platforms. Oversight technology involves the reporting, 
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tracking, and accountability of unlawful activities to safeguard the integrity of the blockchain platform's 
content. However, the decentralized nature, immutability, and complexity of blockchain systems create 
challenges in establishing an effective oversight mechanism. As the most developed blockchain platform 
with the highest usage demand, Bitcoin has naturally taken the lead in exploring supervisory technology. 
Given that the data monitoring and analysis strategies utilized by the network typically employ a "one-
size-fits-all" approach, there is a risk of compromising legitimate users who often use Bitcoin for lawful 
transactions; consequently, the supervisory technology used for Bitcoin is inherently unsuitable for other 
blockchain mining platforms. 
3.4.3. Additional attacks:  

During the development of the application layer, code vulnerabilities can arise, particularly in scenarios 
involving third-party platforms, increasing the risk of unauthorized exploitation. Furthermore, in a multi-
party blockchain environment, an attacker may gain control over the application software or hardware 
within their access rights, executing a MATE attack (man-at-the-end attack) [121], breaching application 
layer protocol standards or industry regulations, and maliciously exposing or altering user information, 
thus compromising the confidentiality and integrity of data. Given these considerations, despite its 
numerous security shortcomings, cybersecurity professionals have numerous strategies at their disposal 
to address these challenges, facilitating the design of more resilient security protocols within a distributed 
framework. IT specialists equipped with strong analytical and technical skills are ideally suited to 
implement blockchain technology in the most secure way possible. Therefore, comprehending every aspect 
influencing blockchain security is essential. 

 
4. Discussion 
4.1. Concerns Regarding the Security of Blockchain Technology: 

Blockchain presents numerous applications within the healthcare sector, assisting researchers in 
unraveling genetic data by facilitating secure exchanges of patient medical information, managing the 
pharmaceutical supply chain, and guaranteeing the secure transfer of data. The explanations highlight the 
principles of cryptography, immutability, and decentralization, which seem to ensure security due to 
cryptographic protections and the assurance that data is infrequently altered without the knowledge of 
other participants. Cryptographic algorithms are pivotal in the execution of the data security framework. 
Although blockchain is not impervious to cyber threats and fraud, it is a sophisticated emerging technology 
that necessitates thorough scrutiny and has faced multiple security breaches, revealing its vulnerabilities 
at different levels. There are various major security issues and preventive strategies related to blockchain. 
One notable issue is the 51% attack: the primary role of miners is to validate transaction requests and 
compile data, which allows them to pursue the subsequent block. A 51% attack represents one of the most 
significant dangers in the blockchain domain since it permits manipulation of the entire blockchain, 
especially during its initial phases when the number of miners is limited. To reduce this risk, it is crucial to 
increase the hash rate, enhance monitoring of mining pools, and avoid utilizing proof-of-work (PoW) 
consensus mechanisms to prevent 51% of attacks. 

 
5. Conclusions 

In this research, a detailed explanation has been presented for blockchain and security as a systematic 
approach. the author thorughly go through gives the discussions of architecture of blockchain with a 
security persepective, emerging technological and mechanism deployments with fundamental algorithms. 
Nowadays, with the immense use of technology, security becomes vital as a broot force. Idealogy truthness 
is the first entry as you show conficidentnality than as go with organizations. Scalability, interoperability, 
privacy and security, selfish mining, quantum resilience, and a lack of governance and standards are some 
of the current research and industry obstacles to implementing the Blockchain for various applications, as 
the paper has illustrated. There are still a lot of problems with the widespread use of blockchain 
applications. Blockchains will become more scalable, efficient, and durable as a result of this. Both open 
concerns and smart contract challenges are noted to be addressed in future research based on the survey's 
results. Lastly, we talked about smart contract trends for the future. Stakeholders interested in smart 
contract research can benefit from the information this study offers. 
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