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Abstract 

Blockchain technology, first introduced with Bitcoin, has evolved into a powerful system for 

secure data exchange across numerous industries. Its foundation relies on cryptographic methods 

like hash algorithms, public key cryptography, and digital signatures to maintain data integrity 

and transparency without the need for a central authority. This paper traces the development of 

blockchain technology, exploring its uses beyond cryptocurrencies, including applications in 

healthcare, supply chain management, and secure voting systems. The paper also delves into the 

underlying cryptographic principles, examining the cybersecurity challenges and vulnerabilities 

associated with blockchain, particularly in the context of quantum computing threats. Through 

case studies, the paper highlights how blockchain can improve privacy, transparency, and 

resilience in practical settings. Finally, the paper discusses future research avenues aimed at 

enhancing blockchain's efficiency and security in the face of emerging technological 

advancements. 
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1. Introduction to Blockchain Technology 

To ensure data is available and accessible to all, blockchain technology incorporates encrypted 

elements that allow anyone in the network to transmit information without bias (Gilbert & 

Gilbert, 2024a). In essence, blockchain serves as a database that guarantees safe and efficient 

information exchange among participants through three main components: distributed 

technology, encryption technology, and cryptographic protocols. As the blockchain operates, it 

functions as a real-time database that records and updates data changes(Gilbert & Gilbert, 

2024a). This log-type distributed database allows for the recording of real-time data across 

nodes, featuring a shared writing mechanism where all participants contribute to maintaining the 

system's integrity. 

Blockchain technology first gained prominence with the development of Bitcoin, the world’s 

first successful global cryptocurrency (Gilbert & Gilbert, 2024a). Fundamentally, blockchain is a 

system that logs transactional data and provides a decentralized platform for cryptocurrency 

operations. One of blockchain’s core features is maintaining data integrity without requiring 

human or software intervention (Gilbert & Gilbert, 2024e; Panwar et al., 2022). The true power 

of blockchain lies in its ability to restore "trust" through transparency, earning it the moniker 

"trust machine" (Sharma et al., 2022). To achieve this level of transparency and security, 

blockchain technology relies on a range of cryptographic tools such as hash algorithms (e.g., 

SHA256), public key cryptography (example: RSA, DSA, ECC), digital signature mechanisms, 

and various consensus algorithms (Christopher, 2013; Kwame, Martey & Chris, 2017; Gilbert & 

Gilbert, 2024e). Beyond cryptocurrencies, blockchain has applications in several industries, 

including enterprise data management, IoT control, financial operations, public market 

transactions, and supply chain management. The fundamental unit of blockchain is the chain of 

transactions (example, Bitcoin transactions), which are collectively referred to as a "data block 

chain." Each transaction in this chain forms part of a complete sequence, thus creating the 

blockchain (Iftekhar et al., 2021). 

 
Figure 1: Illustrations of  blockchain technology's evolution and applications. 

The diagram shows an overview of the blockchain evolution timeline below: 

Getting Started with Blockchain (2008 - 2016): 

i. It all began in 2008 when blockchain first appeared alongside Bitcoin, designed as a 

revolutionary way to handle transactions without needing a bank or central authority. 

ii. By 2010, Bitcoin officially launched, becoming the world’s first cryptocurrency and 

sparking interest in digital, decentralized money. 
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iii. Then in 2014, Ethereum came onto the scene with an exciting twist: "smart contracts." 

These were little programs that could run on the blockchain itself, which meant people 

could now create complex applications beyond just digital currency. 

iv. 2016 saw the rise of these applications, known as decentralized apps or dApps. They 

started showing how blockchain could be used for all sorts of things, from gaming to 

social networks. 

Growing Interest and Adoption (2017 - 2020): 

i. 2017 marked a year of explosive growth with the rise of Initial Coin Offerings (ICOs), 

which allowed startups to raise funds by selling new digital tokens. This got everyone’s 

attention – investors, entrepreneurs, and even governments. 

ii. By 2018, governments and regulators stepped in, recognizing that cryptocurrencies were 

here to stay and realizing they needed to create some rules to manage the risks. 

iii. In 2019, people started exploring how blockchain could make supply chains more 

efficient and transparent, especially for tracking products from production to delivery. 

iv. By 2020, blockchain was finding a new role in the Internet of Things (IoT), controlling 

and managing connected devices in a secure, decentralized way. 

Blockchain Goes Mainstream (2021 - 2023): 

i. In 2021, the financial industry, which had been cautious, began to embrace blockchain. 

Banks, investment firms, and other financial services started seeing its potential for 

streamlining processes and adding security. 

ii. By 2022, blockchain was making its way into enterprise management, helping companies 

manage data, contracts, and other business processes more effectively. 

iii. 2023 saw blockchain being used for public market transactions, indicating its acceptance 

and trustworthiness in traditional finance. This timeline shows how blockchain evolved 

from a concept for digital currency into a transformative technology reshaping industries, 

from finance to logistics and beyond. What began as a decentralized way to move money 

has grown into a tool for transparency, efficiency, and security across various sectors. 

 

1.1. Definition and Basic Concepts 

 

In Bitcoin’s 2008 paper, a puzzle called SHA2d is introduced. This concept involves a user 

selecting a set of strings, denoted as si, from a certain distribution. From this set, t random strings 

are chosen, and the user publishes the tuples (si, hash(si)) multiple times, ensuring that these t 

strings are legitimate members of the original set. The challenge for another user, who does not 

know all the strings in the tuples, is to identify a string s such that (s, hash(s)) is part of the 

published tuples, while ensuring that s also belongs to a predefined set S with some specific 

property, often disjointness. The only efficient way to solve this problem is by iterating over 

each string t in the tuple and checking whether it belongs to S. 

If the SHA2d were to be used as a difficulty function in blockchain, it would diverge from the 

mechanism of repeated attempts—a delicate process inherent to block generation. The 

computational burden of using SHA2d in blockchain would be excessively high due to artificial 

and uncorrelated collisions, making it impractical for such an application. 
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Encryption technology plays a foundational role in cybersecurity (Abilimi et al., 2015;Iftekhar et 

al., 2021). While cryptography predates the broader field of cybersecurity, its significance has 

only grown as it remains central to the core practices and principles in use today (Abilimi et al., 

2013; Cao et al., 2021). The concept of using cryptography to create secure and reliable digital 

currency, including technologies such as proof-of-work, hash roots, and consortium consensus 

algorithms (Gilbert & Gilbert, 2024e), was initially introduced in the famous Bitcoin paper by 

Satoshi Nakamoto (2008), the pseudonymous inventor of Bitcoin (Gilbert & Gilbert, 2024m; 

Panwar et al., 2022). 

Cryptography is essential for maintaining trust and securing communications in today’s digital 

world. By transforming information into unreadable content that requires encryption keys to 

access, cryptography ensures that even if intercepted, the data remains protected from malicious 

attackers. 
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Figure 2:Cryptographic challenges in blockchain applications. 

This figure provides an overview of how digital currencies like Bitcoin use cryptography and 

blockchain to ensure security and prevent fraud: 

 

Digital Currency Basics: Bitcoin is introduced as a type of digital currency. To secure 

transactions, it uses a proof-of-work system, where network participants solve complex puzzles. 

This process relies on hashing and consensus algorithms to keep everyone on the same page 

about transaction history. 

Role of Cryptography: Cryptography is the backbone of security in digital currencies. It ensures 

private communication, protects data from hackers, and transforms information into a format that 

only authorized users can read using encryption ke 

SHA2d Hashing: SHA2d is a hashing technique used in blockchain for security. It involves 

creating a set of random strings, pairing them with hashed values, and allowing users to verify 

these strings. This process ensures data integrity and helps secure the network. 

Blockchain Challenges: In Bitcoin and similar systems, SHA2d is used to set the difficulty level 

for creating new blocks. This difficulty makes generating blocks computationally intensive, 

preventing easy manipulation of the blockchain. 

1.2. Historical Development 

Nakamoto's seminal paper is widely credited with addressing the core problems of the traditional 

currency system by applying cryptographic techniques. The paper demonstrated how currency 

could be securely represented while preserving privacy and preventing counterfeiting. To create 

a secure digital payment system, Nakamoto highlighted several key components, such as digital 

signatures and hash functions, which are essential for blockchain technology (Gilbert & Gilbert, 

2024d; Cao et al., 2021). Before the advent of blockchain, transactions were typically managed 

through centralized systems, where a trusted third party was responsible for maintaining 

transaction records and ensuring integrity. 

Blockchain, however, marked a significant shift by introducing decentralized transactions. 

Nakamoto’s innovation allowed for a system where all user operations—including payment 

transactions, cryptocurrencies, state transitions, and contracts—could be stored in a blockchain. 

This decentralized ledger could be inspected by anyone at any time, ensuring immutability, 

secure and trustworthy transactions, decentralization, transparency, and resilience against attacks 

(Iftekhar et al., 2021; Gilbert & Gilbert, 2024n; Abilimi & Adu-Manu, 2013). 

This paper conducts a thorough examination of the cryptographic technologies underlying 

blockchain, analyzing the broad range of cryptographic functionalities and exploring their 
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cybersecurity implications. It provides a comprehensive overview of the technical aspects of 

blockchain technology, focusing on its cryptographic foundations, how it functions, and how it 

ensures security. Additionally, the paper reviews blockchain’s ability to mitigate certain 

vulnerabilities, while primarily serving as a guide for experts in computer science, cryptography, 

and information security. 

 

Figure 3: Nakamoto's work that introduces secure, decentralized digital transactions. 

Figure 3 traces the evolution of blockchain and digital currency, showing how these technologies 

were developed to solve issues in traditional money systems. 

i. The Starting Point: Blockchain began with Nakamoto’s Paper, which identified problems 

with traditional currency systems, such as the need for a trusted middleman (like a bank) 

to handle transactions. By using cryptographic techniques (like digital signatures and 

hash functions), Nakamoto proposed a way to create a secure digital payment system that 

didn’t rely on any single authority. 

ii. Centralized vs. Decentralized Systems: In centralized systems, a trusted third party keeps 

transaction records and handles payments. In contrast, decentralized systems (like 

blockchain) remove the need for a middleman by having a distributed network of users 

verify and record transactions. This makes transactions faster, more efficient, and less 

dependent on traditional financial institutions. 
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iii. How Blockchain Works: Blockchain enables various user operations, such as transferring 

digital money (cryptocurrencies), managing data changes (state transitions), and setting 

up smart contracts. Key features of blockchain include: 

 Immutability: Once recorded, data on the blockchain can’t be changed, creating a 

permanent record. 

 Security: Cryptography keeps information secure and private. 

 Transparency: Transactions are publicly visible on the network, promoting 

accountability and trust. 

iv. Benefits and Security: Blockchain’s design makes it resilient against attacks, as there’s 

no single point of failure. Its transparency also builds trust, as anyone can inspect 

transaction histories. 

v. Cybersecurity Challenges:While blockchain enhances security, it also brings new 

cybersecurity challenges. To keep the network secure, it requires careful management 

and security mitigation strategies. Cryptographic techniques remain critical to 

maintaining the network’s resilience and protecting it from threats. 
 

 

1.3 Research Approach and Methods 

The research approach and methods used in this study are structured as follows: 

Literature Review and Theoretical Analysis: This study draws on existing research and 

foundational concepts in blockchain technology, cryptography, and cybersecurity. It explores 

how blockchain evolved from its initial use in Bitcoin to more advanced applications across 

various industries. The theoretical frameworks include cryptographic techniques such as hash 

algorithms (example: SHA256), public key cryptography (e.g., RSA, DSA), digital signatures, 

and consensus mechanisms (Panwar et al., 2022; Iftekhar et al., 2021). 

Historical Development: The research examines the historical development of blockchain, 

beginning with Nakamoto's (2008) seminal Bitcoin paper. This historical approach traces how 

blockchain was initially developed to secure digital transactions and later expanded into areas 

like finance, healthcare, and supply chain management (Opoku-Mensah, Abilimi & Boateng, 

2013; Cao et al., 2021). 

Cryptographic and Technical Analysis: The paper provides a detailed examination of 

cryptographic techniques used in blockchain technology, including encryption methods, public 

and private key generation, cryptographic hashing, and zero-knowledge proofs. These 

cryptographic elements form the technical foundation of blockchain’s security and privacy 

features. The analysis also covers cryptographic applications in blockchain protocols, including 

digital signatures and hash functions, as well as the use of elliptic curve digital signature 

algorithms (ECDSA) and secure hash functions like SHA-256 (Gilbert & Gilbert, 2024f; 

Raikwar et al., 2019; Bansod & Ragha, 2022). 

Cybersecurity Implications and Vulnerabilities: A key section of the paper focuses on the 

cybersecurity implications of blockchain technology. The research identifies potential 

vulnerabilities such as selfish mining, cryptographic collisions, and weaknesses in smart 

contracts, while also examining blockchain’s resilience to various attacks. The analysis addresses 

the potential impact of quantum computing on blockchain security and highlights areas where 
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cryptographic advancements could mitigate these emerging risks (Arquam et al., 2022; Panwar et 

al., 2022). 

Applications and Case Studies: The study employs case study methodologies to investigate 

blockchain’s applications beyond cryptocurrencies, including secure voting systems, supply 

chain management, healthcare, and IoT security. It reviews how blockchain technology is 

applied in real-world scenarios, with a focus on industries like finance and telecommunications 

(Mishra et al., 2022; Eljazzar et al., 2018; Krichen et al., 2022; Yeboah, Opoku-Mensah & 

Abilimi, 2013a). 

Conclusion and Future Perspectives: The research concludes with a forward-looking analysis 

of blockchain’s potential to advance cybersecurity, digital transactions, and decentralized 

applications. It emphasizes the need for continued cryptographic research to enhance 

blockchain’s security and efficiency, particularly in light of emerging technologies such as 

quantum computing (Wylde et al., 2022; Abilimi et al., 2014). 

This comprehensive methodology allows the paper to address a wide range of topics related to 

blockchain’s cryptographic foundations and their implications for cybersecurity, offering both 

technical analysis and practical insights. 

Table 1 

Summary of the research approach and methods used 

Approach and 

Method 
Description 

Literature Review 

and Theoretical 

Analysis 

This study draws on existing research and foundational concepts in 

blockchain, cryptography, and cybersecurity. It explores blockchain's 

evolution from Bitcoin to applications across industries. Theoretical 

frameworks include cryptographic techniques like hash algorithms 

(SHA256), public key cryptography (RSA, DSA), digital signatures, and 

consensus mechanisms. 

Historical 

Development 

Examines blockchain's historical development, beginning with 

Nakamoto's (2008) Bitcoin paper. Traces blockchain's growth from 

securing digital transactions to applications in finance, healthcare, and 

supply chain management. 

Cryptographic and 

Technical Analysis 

Provides an in-depth examination of cryptographic techniques in 

blockchain, including encryption methods, key generation, cryptographic 

hashing, and zero-knowledge proofs. Covers digital signatures, hash 

functions, ECDSA, and SHA-256 as technical foundations for 

blockchain's security and privacy. 

Cybersecurity Focuses on blockchain's cybersecurity implications. Identifies 
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Approach and 

Method 
Description 

Implications and 

Vulnerabilities 

vulnerabilities like selfish mining, cryptographic collisions, and smart 

contract weaknesses. Explores blockchain’s resilience and the impact of 

quantum computing, highlighting areas for cryptographic advancement to 

address emerging risks. 

Applications and 

Case Studies 

Utilizes case studies to examine blockchain’s applications beyond 

cryptocurrencies, including secure voting, supply chain management, 

healthcare, and IoT security. Analyzes real-world applications with a 

focus on finance and telecommunications. 

Conclusion and 

Future Perspectives 

Concludes with an analysis of blockchain’s future in advancing 

cybersecurity, digital transactions, and decentralized applications. 

Emphasizes the need for ongoing cryptographic research to improve 

blockchain’s security, especially with the advent of quantum computing. 

 

Figure 4:Research approach using blockchain technology analysis. 

 

Figure 4 outlines a structured approach to researching blockchain and cybersecurity, moving 

through key stages to build a comprehensive understanding of the topic. The study begins by 

reviewing existing research on blockchain, cryptography, and cybersecurity to establish a 

foundation and trace the growth and evolution of blockchain technology. It then explores the 

historical development of blockchain, starting with Bitcoin and examining its expansion into 

areas like finance, healthcare, and supply chain management. 
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Next, the research delves into the cryptographic techniques that underpin blockchain's security, 

such as encryption and key generation, to uncover how these methods work to protect data 

within the blockchain. It also examines potential cybersecurity vulnerabilities, considering 

current threats as well as future risks, especially those that could arise with advances like 

quantum computing. 

The study then looks at real-world applications of blockchain, exploring how this technology is 

used beyond cryptocurrency, in fields like secure voting, supply chain management, and IoT 

security. Finally, the research concludes by synthesizing insights on blockchain’s evolution, its 

cryptographic foundations, and its practical impacts, providing a clear perspective on the 

technology’s strengths, challenges, and potential. 

2. Cryptographic Principles in Blockchain 

In blockchain technology, cryptographic techniques are fundamental for ensuring security and 

privacy across various platforms. These systems rely heavily on the careful selection and 

implementation of cryptographic primitives, which include methods such as block encryption, 

key generation, revocation schemes, and specialized cryptographic tasks. These are reviewed and 

classified in the context of blockchain. Various blockchain protocols use a wide array of 

cryptographic primitives, including encryption mechanisms like the construction of public and 

private keys, and the simulation of block and transaction signatures. Cryptographic hash 

functions are crucial for distributing blocks and creating transaction IDs, and cryptographic 

algorithms, such as public key infrastructure (PKI) systems like X.509 and RFC standards, play a 

significant role in blockchain systems. Zero-knowledge proofs are also increasingly used to 

enhance privacy compliance in the digital world (Gilbert & Gilbert, 2024i; Raikwar et al., 2019; 

Zhang et al., 2019). 

The security and transparency of distributed, shared ledgers in blockchain systems rely on 

cryptographic techniques, from Bitcoin’s genesis block to modern implementations. These 

technologies span permissionless, permissioned, and federated blockchains, covering simple 

transaction schemes to complex business logic applications through consensus and distributed 

applications. This report offers a comprehensive survey of how blockchain systems depend on 

cryptography and how the technology is advancing cryptography itself, making it more robust 

and efficient against quantum computing threats (Gilbert & Gilbert, 2024g; Raikwar et al., 2019; 

Zhang et al., 2019). 

In public blockchains, cryptographic processes, such as elliptic curve digital signature algorithms 

(ECDSA) and secure hash functions like SHA-256 and Keccak, play critical roles in ensuring the 

safety and competition within distributed public ledgers. For example, the DF protocol first 

sends a GET-CHAL request for a random challenge to verify an ECDSA signature. In response, 

DF sends a solution that verifies the challenge, ensuring transaction security (Bansod & Ragha, 

2022; Abilimi & Yeboah, 2013). Blockchains store records in a way that any change is visible 

and verifiable to outsiders. This visibility is enabled by cryptographic primitives, which require 

only a constant amount of main memory for verification. 

Cryptography is not just integral to the financial sector but also has important non-financial 

applications. For example, Augur, a decentralized prediction market built on the Ethereum 

GSJ: Volume 12, Issue 11, November 2024 
ISSN 2320-9186 473

GSJ© 2024 
www.globalscientificjournal.com



 

blockchain, uses cryptography to ensure the security and accuracy of smart contracts and global 

information bases (Bansod & Ragha, 2022; Gulisano et al., 2022). These cryptographic 

mechanisms continue to play a vital role in blockchain’s promise of security, transparency, and 

decentralization. 

 

Figure 5: Timeline of cryptographic advancements in blockchain systems. 

This timeline shows how cryptographic methods and security in blockchain have evolved from 

2021 to 2023, focusing on new techniques, protocols, and practical applications. 

In 2021, key developments included basic encryption techniques to secure data blocks, building 

foundational systems for public and private key usage, and enhancing blockchain security with 

algorithms like ECDSA and SHA-256. Early applications focused on securing smart contracts, 

especially in decentralized platforms like Augur. 

By 2022, advancements introduced more sophisticated elements: key generation methods for 

unique cryptographic keys, simulations for verifying transactions, and zero-knowledge proofs 

that allow data verification without revealing the data itself, boosting privacy. Blockchain’s use 

also expanded into non-financial areas, showing the technology’s growing versatility. Diffie-

Hellman (DH) protocols strengthened transaction security, adding another layer of data 

protection. 

In 2023, blockchain security took a big step forward. Enhanced privacy compliance mechanisms 

were introduced, and cryptographic hash functions were widely adopted to ensure data integrity. 

Efforts were made to protect against future threats, including those posed by quantum computing, 

as blockchain systems prepared to face the next generation of security challenges. 

In essence, this timeline shows blockchain moving from foundational security practices to 

advanced cryptographic protections, anticipating new threats and broadening its applications. 

 

2.1. Hash Functions 
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The interactions within blockchain protocols rely on several cryptographic methods, including 

commitment schemes, asymmetric encryption, digital signatures, and hash functions. These 

cryptographic techniques ensure secure and private participation, where only authorized users 

can engage in the blockchain's processes. Zero-knowledge proofs or arguments are particularly 

effective in ensuring that the data remains non-interactive, meaning that transactions are secured 

without exposing details such as the sender or receiver, even without complete obfuscation. This 

ensures that the blockchain maintains high levels of security and privacy (Gilbert & Gilbert, 

2024h; Kattwinkel et al., 2022). 

In blockchain, vast amounts of data must be stored to access the network efficiently. To address 

this, Adams et al. proposed methods like Multi-Participant Non-Interactive Zero-Knowledge 

Proofs (NIZKP) and secure batched hash functions, which aim to achieve data independence. 

These techniques help eliminate the need to store initial values for all honest participants, which 

further enhances data security (Gilbert & Gilbert, 2024i; Tran & Krishnamachari, 2022). 

Every transaction on a blockchain is hashed, converting it into a fixed-size string that cannot be 

reverse-engineered to reveal the original data. Once hashed, the transaction is signed using the 

owner’s private key, ensuring the data remains immutable and only the owner can make 

modifications. This method of linking each block's hash to the previous block’s hash creates a 

"chain" that builds trust through transparency and immutability. Any attempt to alter a block 

requires recalculating the hashes for all subsequent blocks, making it economically and 

computationally prohibitive to manipulate the blockchain (Gilbert & Gilbert, 2024j; Tran & 

Krishnamachari, 2022). 

2.2. Public-Key Cryptography 

Cryptographic hash functions, digital signatures, and cryptographic hash pointers are essential 

components when designing blockchain security properties. The integrity of blockchain blocks is 

primarily ensured through proof-of-work (PoW) mechanisms and the collective honesty of 

participants. Public-key cryptography also plays a vital role in securing transactions. For 

example, Alice can create a digital signature by first computing the hash of a message, then 

encrypting it using her private key. She sends this encrypted hash, along with the message, to 

Bob. Bob can then verify the integrity and authenticity of the message by decrypting the hash 

with Alice’s public key and comparing it to the hash of the original message. This ensures the 

message's authenticity and security in transmission. The term "safe transmission" refers to the 

fact that sensitive information cannot be deciphered in the future, even if partial leaks occur, 

provided the leaked information is insufficient to break the encryption (Tuan Anh Dinh et al., 

2017). 

Public-key cryptography algorithms are the backbone of blockchain security, ensuring that 

transactions and data remain secure. In blockchains that rely on a leader (such as leader-based 

consensus models), the leader is responsible for generating new blocks and ensuring their 

integrity. However, in permissionless blockchains, where the network is open to the public, the 

consensus mechanism must be robust enough to tolerate a certain percentage of Byzantine nodes 

(malicious or faulty participants) to maintain the network's integrity under all conditions 

(Fernandez-Carames & Fraga-Lamas, 2024). 

3. Cybersecurity Implications of Blockchain 
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Cryptographic hashing plays a crucial role in the digital signature process, enabling the secure 

conversion of data into a fixed-size string that is unique and cannot be reverse-engineered to 

retrieve the original data. In blockchain systems, cryptographic hash algorithms are essential for 

ensuring the security and integrity of the distributed ledger. They provide the foundation for 

finality, confidentiality, and integrity within the blockchain, which are the key security 

requirements. Attacks targeting blockchain networks often involve actions such as creating new 

file blocks, altering block transactions, or tampering with existing blocks. These actions can 

compromise the security of the ledger. Studies have examined the use of cryptographic hashing 

within blockchain to mitigate these vulnerabilities by focusing on cryptographic hash attacks and 

their solutions (Opoku-Mensah, Abilimi & Amoako, 2013; Khanna et al., 2022). 

This section aims to explore the cybersecurity implications of blockchain technology, which has 

rapidly gained worldwide attention. While information technologies offer significant benefits, 

they can also be exploited by malicious actors. Blockchain, intended to promote security, 

decentralization, and problem-solving, has proven to be both a useful tool and a potential target. 

In this discussion, the key attributes of blockchain—integrity, confidentiality, and resilience to 

attacks—are highlighted. Furthermore, the review examines the various security-enhancement 

protocols used in blockchain-based applications, such as secure messaging, Internet of Things 

(IoT) privacy, decentralized identity management, DNS-free services to mitigate DDoS attacks, 

and hacker prevention (Gilbert & Gilbert, 2024k; Zhang et al., 2019). 

 

Figure 6: The cybersecurity implication of blockchain 
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This diagram highlights the importance of cybersecurity in protecting blockchain systems, 

addressing the risks and outlining ways to counter them. 

On the left, it begins with the core cybersecurity implications of blockchain. Cryptographic 

hashing plays a crucial role in keeping data secure and unchangeable, while digital signatures 

ensure that only verified transactions are added to the blockchain. Together, these features 

uphold the security and integrity of the blockchain ledger, making it trustworthy and resistant 

to tampering. 

In the center, we see some potential vulnerabilities in blockchain. One risk is the creation of 

fake file blocks or altering existing transactions, which could undermine the entire network. 

Tampering with existing blocks or compromising the ledger's security poses significant threats, 

as it could lead to fraudulent or unreliable information in the blockchain. 

On the right, the diagram outlines ways to address these vulnerabilities. By focusing on 

preventing cryptographic attacks and implementing stronger security protocols, blockchain 

networks can be made more resilient. Decentralized identity management helps by ensuring that 

users are uniquely identified and verified, adding a layer of accountability. Measures to mitigate 

DDoS attacks, which can overload and disrupt blockchain operations, are also essential to 

maintaining a stable and secure system. 

 
Figure 7: 3D diagram illustrating the cybersecurity implication of blockchain 

 

3.1. Security Benefits 

The cryptographic advantages of blockchain technology have significant implications for large-

scale intelligent systems, such as smart home and smart city infrastructures, and extend to the 

Java Virtual Machine, a critical platform for integrating large-scale software across various 
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technology industries. In the context of blockchain IoT models, sensor data that is signed and 

notarized can be fed into a machine learning oracle that can be continuously reset and retrained ( 

Yeboah & Abilimi, 2013; Gilbert & Gilbert, 2024h). This creates a dynamic, resilient, and 

democratic interface between the human world and the market economy. The data provided by 

the oracle is not easily manipulated; rather, it reflects a noisy sine wave pattern, making it 

immune to tampering by centralized systems (Chia et al., 2018; Gilbert, 2012). Blockchain 

programming based on these principles helps create a synchronized, reliable system, ensuring 

that operations remain secure and coherent across networks (Yeboah, Odabi, & Abilimi Odabi, 

2016). 

Blockchain’s advanced cryptographic capabilities have far-reaching implications for enhancing 

online security and privacy. It is resistant to a wide array of attacks, including those that could 

exploit traditional implementations. These features encompass protection against both active 

attacks and breaches of singleton servers, which might otherwise result in data theft or 

destruction (Zhang et al., 2019; Algarni et al., 2023; Gilbert & Gilbert, 2024l). Blockchain 

technology strengthens security by integrating elements like password hashing, signature 

aggregation, highly available server storage, symmetric operations, and automated verification 

systems. The security framework embedded within blockchain not only improves data protection 

but also enhances economic incentives. As a result, the underlying cryptographic foundation of 

blockchain has the potential to radically shift economic models, including those based on 

capitalism and socialism, transforming the ways in which modern systems are synchronized and 

protected. 

 

Figure 8: The Security benefits 

 

3.2. Vulnerabilities and Attacks 

Attackers can exploit blockchain systems by mining coins for extended periods, potentially 

causing the system to crash. In particular, malicious miners may engage in selfish mining, where 

they manipulate the system to gain profits that exceed their fair share, compared to other miners. 
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Additionally, attackers can slow down the network by generating large amounts of traffic at 

minimal cost. These common weaknesses could lead to the discovery of new forms of attacks. 

Modern cryptographic systems are based on problems that range from moderately to extremely 

difficult to solve. Post-quantum cryptography, for instance, utilizes cryptographic primitives that 

are efficient to solve classically but are believed to be difficult for quantum computers. Chinese 

firms have already developed early quantum devices, expected to soon demonstrate the 

superiority of quantum computing in breaking current cryptographic systems (Panwar et al., 

2022). 

While blockchain technology relies heavily on cryptographic security, smart contracts introduce 

vulnerabilities, as they can be error-prone and susceptible to attack. Specifically, blockchain 

systems can be compromised by exploiting cryptographic weaknesses, such as collisions, 

directly in the blockchain. To address these vulnerabilities, developers use semi-automated tools 

like dead code checking, systematic testing, and symbolic execution to identify defects in smart 

contract code. In the case of blockchain consensus protocols, random effects can be leveraged to 

manipulate financial transactions, such as those in Bitcoin, and undermine the security of the 

network (Chia et al., 2018; Arquam et al., 2022). See figure below 

 

Figure 9: Blockchain systems face multiple security risks. 

 
 

4. Applications of Blockchain Beyond Cryptocurrencies 

The Latent Dirichlet Allocation (LDA) algorithm was applied in SCOPUS to identify the 

associations between blockchain technology and major industries. The results indicated that 

blockchain technology has the potential to enhance Internet of Things (IoT) security, advance 

cloud computing, revolutionize the telecommunications and automotive sectors, mitigate risks in 

financial services, enable smarter governance, improve healthcare systems, and optimize supply 

chain management. These findings highlight the broad value of blockchain technology for 

stakeholders and suggest a model that could be further explored in future applications. Future 

research will likely focus on enhanced data provision and the integration of blockchain 

technology into actual market value systems, marking a new phase in the examination of its 

overall potential. Instead of viewing blockchain solely as a solution to specific industry 

challenges, there is growing interest in its potential to transform how value is exchanged across 

societies, while reducing risks and improving security (Krichen et al., 2022; Gilbert, 2018). 

Blockchain, the technological foundation behind cryptocurrencies, has garnered attention from 

scholars, industries, and governments due to its wide-ranging implications and numerous 

applications (Sharma et al., 2022). Although the use of blockchain in digital currencies is widely 
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studied, its potential applications in areas beyond cryptocurrencies remain underexplored in 

academic circles (Gai et al., 2022; Gilbert, Oluwatosin & Gilbert, 2024). This article seeks to fill 

that gap by examining the various applications of blockchain technology, offering insights that 

may interest academics and industry practitioners alike, and providing guidance on future 

research directions and business strategies related to the implementation of blockchain 

technology. 

4.1. Secure Voting Systems 

The primary goal of an e-voting system is to allow eligible voters to express their preferences 

anonymously, ensuring privacy. Another crucial objective is to guarantee election results that are 

resistant to tampering and provide verifiable evidence of the election's fairness, allowing voters 

to confirm that their votes were counted correctly. However, traditional cryptographic methods, 

which rely on a trusted notary, fall short in delivering the level of security and privacy required 

for modern e-voting systems. As a result, researchers have proposed several cryptographic e-

voting schemes based on blockchain technology to streamline the voting process (Yeboah, 

Opoku-Mensah & Abilimi, 2013b; Mishra et al., 2022; Gilbert & Gilbert, 2024b). These 

blockchain-based systems aim to enhance voter privacy, ensuring that individual votes cannot be 

traced back to the voter. 

E-voting systems are also designed to increase voter participation by offering a secure and 

transparent process (Sheer Hardwick et al., 2018; Gilbert & Gilbert, 2024c). Privacy-preserving 

and secure voting systems reduce the risk of manipulation, and blockchain technology provides a 

decentralized, transparent platform for electronic voting, eliminating the need for a central 

authority. Blockchain e-voting systems offer key advantages such as scalability, transparency, 

accessibility, and verifiability. However, classical blockchain systems face vulnerabilities, such 

as susceptibility to hacking, and their verification processes are often trust-based. To address 

these concerns, quantum-resistant blockchains, which provide trustless verification, are 

preferred. Additionally, an efficient key distribution system, such as QsVoting, is proposed to 

facilitate secure voting by voters and accurate vote tallying by authorities. 

4.2. Supply Chain Management 

Blockchain technology represents a transformative shift in financial and data-driven systems, 

fundamentally altering how these systems operate. To fully grasp its impact, it's essential to 

understand its origins and why the technology behind blockchain has become crucial in a world 

where material gains and information security depend heavily on trust in assets. One area where 

blockchain's potential is particularly evident is in manufacturing supply chains. As blockchain 

integrates with technologies like Electronica and gains momentum through FinTech 

advancements, it has proven invaluable for enhancing supply chain traceability (Eljazzar et al., 

2018; Gilbert,  Auodo & Gilbert, 2024). 

This paper introduces a sophisticated technology model aimed at improving data auditing and 

facilitating seamless transitions between various tiers of supply chain management activities. 

Key components of this model include an entity-labeling server, a material provider server, a 

manufacturing server, a cross-platform agent, and a sponsor identification app—all of which 

operate under a specific blockchain classification (Kumara et al., 2020). The system enables 

interaction between multiple stages of the supply chain, from initial manufacturing to 

purchasing, helping ensure that data remains reliable throughout. Additionally, the paper 
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highlights practical strategies, such as integrating logistics with third-party endorsement 

channels, to boost supply chain reliability while simultaneously reducing operational costs. 

 

Figure 10:  Application of blockchain 

This diagram shows how blockchain technology is being used in areas beyond cryptocurrency, 

indicating both its benefits and the challenges it faces for wider adoption. 

Blockchain’s applications go beyond digital money. In supply chain management, it helps 

companies keep track of goods from start to finish, ensuring that everyone involved can see 

exactly where a product is at any stage. In healthcare, blockchain can securely store patient 

records, allowing authorized parties to access and share information safely, while protecting 

patient privacy. Smart contracts on the blockchain allow agreements to be executed 

automatically without intermediaries, making transactions quicker and often less costly. Voting 

systems can also benefit, as blockchain creates a secure, transparent platform that reduces the 

risk of tampering and enhances trust in the voting process. 

Blockchain offers several key benefits. It increases transparency since all participants have 

access to the same information. Improved security comes from cryptographic protections and 

decentralization, making data harder to alter or hack. The decentralized nature of blockchain also 

removes the need for central authorities, giving more control to the users. Additionally, 

blockchain can help reduce fraud because its transparent and immutable nature makes it difficult 

for dishonest activities to go undetected. 

However, there are still challenges to overcome for blockchain to be widely adopted. Scalability 

issues arise as networks grow, making transactions slower and more expensive. Regulatory 

concerns also play a role, as different countries have varying rules and standards for blockchain, 

creating obstacles for global use. Interoperability—the ability of different blockchain systems to 
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work together—is another technical hurdle. Finally, the energy consumption of some blockchain 

systems, especially those using proof-of-work models, raises environmental concerns. 

In essence, blockchain holds great promise for industries beyond finance, but there are 

significant hurdles to address as it continues to evolve and find its place in the broader world. 

5. Conclusion and Recommendations 

According to Craig Reed and Dunaway (2019), cryptocurrencies such as Bitcoin operate on 

blockchain technology, a decentralized, distributed, and secure digital ledger. The potential of 

blockchain technology is vast and transformative, with applications extending far beyond 

cryptocurrency. These include trustless, tamper-resistant transactions, remote voting, securing 

electronic medical records, enhancing supply chain traceability, managing digital identities, peer-

to-peer energy markets, and supporting smart contracts for the Internet of Things (IoT). The 

latter is particularly significant as IoT devices increasingly interact autonomously, often relying 

on outdated or insecure software, creating a growing security concern. 

Wylde et al. (2022) highlight key cryptographic concepts in blockchain and recent advancements 

in blockchain security, including emerging threats such as 51% attacks, selfish mining, and off-

chain networking vulnerabilities. They explore privacy issues within blockchain systems, 

particularly related to network deanonymization, and the development of privacy-sensitive 

decentralized applications and secure cryptocurrency transactions (Gilbert & Gilbert, 2024d). 

Their research demonstrates that blockchain can provide resilient and robust security solutions 

for future smart societies, albeit with the need for strong security measures. 

In the context of the broader evolution of blockchain, Qi and Xiong (2019) emphasize how far 

the technology has come since the 2008 financial crisis and the creation of Bitcoin. Microsoft’s 

Prometheum noted that blockchain could go beyond fixing financial systems, potentially 

revolutionizing global interactions and human progress. In this vein, the second part of the 

review discusses four major blockchain applications anticipated for 2020. The Czech IT industry, 

for instance, is closely monitoring blockchain developments and actively implementing its own 

projects, using blockchain to model trust, create unique registries, automate processes, reduce 

costs, accelerate transaction settlements, and improve transparency across sectors. 
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