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ABSTRACT 

In the Interplanetary File System (IPFS), consumers can help each other protect data against 

hardware failures and improve data availability through replication. While previous replication 

methods in peer-to-peer (P2P) networks can be used to increase data availability in the IPFS 

network, they are either hostile to peers with limited availability, preventing them from achieving 

adequate data availability, or lack flexibility. An ideal replication method should optimize data 

availability in a manner equitable to all peers while providing flexibility. To achieve this goal, this 

paper introduces a blockchain-based file replication mechanism. Leveraging the non-tamperable 

and traceable nature of blockchain technology, our mechanism achieves secure storage and 

trustworthy query of peers’ information used in the file replication process. Unlike most earlier 

methods, our mechanism employs an Arweave-inspired file replication algorithm that prioritizes 

the less available files within the system for replication until all files’ availabilities are optimized. 

Replicating files according to predefined system-wide cooperation rules like this not only limits 

the selfishness of peers but also facilitates timely adjustments in response to changes in the P2P 

system. In addition, our mechanism also uses smart contracts to judge and exclude dishonest peers, 

thereby fostering honest cooperation among peers without involving any third party. 

I.INTRODUCTION 

In the modern digital landscape, the importance of data availability and integrity  

cannot be overstated, especially when it comes to the decentralized storage and sharing of sensitive 

information. As industries evolve and more data-centric systems are implemented, the need for 

secure, efficient, and reliable data storage systems becomes critical. One of the emerging 

technologies aimed at addressing these challenges is blockchain. By leveraging  blockchain's 

distributed ledger technology, businesses and organizations can enhance the availability and 

security of data, particularly for systems like the Internet of Public File Distribution (IPFD). The 

Internet of Public File Distribution (IPFD) involves the storage and distribution of files across a 

decentralized network, making it possible for consumers to access data from multiple locations. 
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This creates a robust framework for file sharing and data retrieval in a highly distributed 

environment. However, ensuring data availability—especially during network failures, high 

traffic, or malicious activities—presents a significant challenge. This is where blockchain-based 

file replication comes into play. Blockchain's immutable ledger and consensus mechanism provide 

a strong foundation for replicating files in a secure and efficient manner, ensuring that users can 

always access the data they need, even in decentralized and potentially unstable environments. File 

replication in the context of IPFD involves creating multiple copies of files across different nodes 

in the network to ensure that if one node goes down, the data can still be retrieved from another 

node. However, traditional file replication methods often struggle with scalability, security, and 

trust issues. Blockchain introduces a decentralized and transparent way of managing file 

replication. By utilizing smart contracts and decentralized storage, blockchain can automate the 

process of file replication, ensure that copies are correctly distributed across the network, and 

guarantee that only authorized consumers can access specific files. Moreover, blockchain-based 

file replication addresses concerns regarding data integrity and availability by using cryptographic 

techniques to protect data from unauthorized modifications. Each replicated file on the network is 

stored with a cryptographic hash, ensuring that any changes made to the file can be easily traced 

and verified. This approach significantly reduces the risks of data tampering, cyberattacks, and 

unauthorized access, making it particularly valuable in sectors such as healthcare, finance, and 

government, where data integrity and availability are paramount. The integration of blockchain-

based file replication not only boosts data availability but also improves the efficiency of content 

distribution across large-scale distributed networks. By automating the replication process through 

blockchain, the system can efficiently handle high traffic loads, scale as demand increases, and 

ensure that files are always available for consumers without requiring centralized intermediaries. 

In the context of IPFD, this means that consumers, regardless of their location, can reliably access 

the files they need without facing latency issues or risk of data loss. In conclusion, blockchain-

based file replication presents a transformative solution for enhancing data availability in 

decentralized systems like IPFD. By utilizing the inherent benefits of blockchain technology—
security, transparency, and decentralization—this approach promises to revolutionize how we 

handle and distribute data across global networks. As the demand for secure, scalable, and resilient 

data storage systems continues to rise, blockchain-based file replication will play a crucial role in 

ensuring the integrity and availability of critical data, empowering both consumers and 

organizations to manage their data in a more secure and efficient manner. 
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II.METHODOLOGY 

A) SYSTEM ARCHITECTURE 

 

Fig1.System Architecture 

At its core, the architecture consists of several layers. The File Storage Layer handles the 

fragmentation and encryption of files, ensuring that data is securely distributed across multiple 

nodes in the network. These nodes store the files, with redundancy built in to enhance availability. 

The Blockchain Layer acts as a decentralized ledger, recording metadata about each file, such as 

its location, access rights, and a cryptographic hash to guarantee file integrity. Smart Contracts are 

utilized to automate the file replication process, ensuring that copies of the files are created and 

maintained across various nodes. The Consensus Mechanism, such as Proof of Stake or Proof of 

Work, ensures the integrity and security of the replication process by verifying transactions and 

ensuring that no malicious actions, like unauthorized file modifications, occur. The Consumer 

Access Layer provides consumers with secure, permissioned access to files based on predefined 

rules set in the smart contracts, ensuring that data is accessible only to authorized parties. This 

architecture effectively combines the transparency, security, and decentralization of blockchain 

with traditional file replication methods, offering IPFD consumers reliable access to data even in 

cases of node failure or network disruption. 

B) Proposed Block Chain 

The Proposed Blockchain architecture for file replication in the Internet of Public File Distribution 

(IPFD) is based on leveraging the core strengths of blockchain technology to address critical 

concerns of data availability, integrity, and security. Blockchain enables a decentralized, 

transparent, and tamper-proof ledger, which records all metadata associated with the files 

distributed across the IPFD network. Every file is encrypted and fragmented into smaller pieces, 

ensuring that each piece is stored across multiple nodes. Each node is assigned a responsibility for 

replicating and maintaining the files in a secure manner, reducing the risk of data loss due to single 

points of failure. Smart contracts automate the process of replication, ensuring that a new replica 

of a file is created whenever a node fails, or additional redundancy is required. This replication is 
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governed by predefined rules encoded into the smart contracts, ensuring consistency and 

eliminating the need for centralized authority or intermediaries. Additionally, blockchain provides 

consensus mechanisms (such as Proof of Work or Proof of Stake) to validate the replication 

process, guaranteeing that only legitimate files are replicated and stored within the network, 

thereby mitigating the risk of unauthorized modifications. 

 

C) Dataset 

The Dataset used in this architecture includes real-time data derived from file storage systems, 

transaction logs, and information about node availability and health within the IPFD network. The 

dataset is crucial for monitoring the status of file replication, ensuring that the files remain intact 

and accessible across various nodes in the network. The files in the dataset are encrypted and 

fragmented, with metadata about each file being stored on the blockchain. This includes 

information such as the file's size, location, the status of its replication, and access control 

information. The dataset is also used for monitoring network traffic, failure rates, and replication 

performance, ensuring the system scales efficiently as the network expands. Additionally, the 

dataset serves as an audit trail, providing transparency and traceability regarding the availability 

and access history of each file. For the Blockchain-Based File Replication for Data Availability of 

IPFD Consumers, the dataset consists of various types of data crucial for ensuring the availability, 

security, and replication of files across a decentralized network. The dataset primarily includes: 

File Metadata: Each file uploaded to the IPFD system is associated with specific metadata stored 

on the blockchain. This metadata includes the file's identifier, size, access control information, 

encryption status, and the cryptographic hash of the file. The hash is crucial for verifying the 

integrity of the file during replication and retrieval. 

Node Status Data: Data related to the health, availability, and geographical location of each node 

participating in the file replication process is collected. This includes details such as whether a 

node is online or offline, the current load on the node, and the replication status of each file. These 

details help monitor the replication process in real-time and ensure that files are being properly 

stored across multiple nodes. 

Replication and Access Logs: The logs contain information about the replication process, 

including timestamps, transaction IDs, and the status of each replication request (e.g., success, 

failure, or pending). Access logs track file requests, usage patterns, and download histories, which 

help maintain accountability and transparency in the system. 

Blockchain Transactions: Every action related to file replication is logged as a blockchain 

transaction. This includes adding new files to the blockchain, replicating files, validating 

transactions, and updating the blockchain with new data. This dataset is crucial for ensuring that 

each action is verifiable, immutable, and tamper-proof. 
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Network Performance Data: This dataset includes performance metrics of the IPFD network, 

such as bandwidth usage, latency, and node interaction rates. It helps assess the scalability and 

performance of the system, especially when large amounts of data are being replicated across 

multiple nodes. 

This dataset is critical for managing the system's operation, ensuring data availability, tracking file 

integrity, and monitoring the performance of the entire blockchain network. It provides the 

foundation for data validation, availability monitoring, and troubleshooting. 

D) Future Selection 

blockchain-based file replication in IPFD systems involves several technological advancements 

that could enhance scalability, privacy, and performance. First, sharding can be employed to divide 

the blockchain into smaller, more manageable pieces, significantly improving the system's 

scalability. Each shard would handle a portion of the blockchain, ensuring that the system can 

handle larger volumes of data without compromising performance. Another promising 

development is the integration of zero-knowledge proofs (ZKPs), which would allow files to be 

validated without revealing their contents. This would enhance privacy while maintaining the 

integrity of the files. Furthermore, machine learning (ML) techniques could be introduced to 

improve the decision-making process in replication strategies. By analyzing the access patterns 

and usage trends, ML models could predict which files are likely to be accessed frequently, 

optimizing replication strategies and improving data retrieval speed. Another future development 

could involve the use of edge computing, where computation tasks related to file replication and 

verification could be distributed closer to the edge of the network, reducing latency and improving 

system efficiency. This would be particularly useful in areas with limited infrastructure or in IoT 

environments where devices are distributed across a wide geographic area. Additionally, 

advancements in interoperability between different blockchain networks and integration with other 

decentralized storage systems could further improve the system’s flexibility and data-sharing 

capabilities. 

III.CONCLUSION 

Blockchain-based file replication offers a robust solution for ensuring data availability, security, 

and integrity in decentralized systems like IPFD. By leveraging blockchain's decentralized ledger, 

smart contracts, and consensus mechanisms, this system ensures that files are replicated across 

multiple nodes and that unauthorized alterations are prevented. The use of smart contracts to 

automate replication ensures that the system operates autonomously without the need for a central 

authority. The proposed architecture allows for a resilient, scalable, and transparent method of 

distributing files across various nodes in a decentralized network. By employing blockchain, files 

can be encrypted, fragmented, and stored securely while ensuring high availability and integrity. 

Furthermore, the decentralized nature of the blockchain prevents single points of failure, which is 

crucial for maintaining continuous data availability in a distributed environment. Future 

improvements could focus on enhancing the scalability of the system through techniques like 
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sharding, improving privacy with zero-knowledge proofs, and utilizing machine learning 

algorithms to predict replication needs based on access patterns. Additionally, integrating edge 

computing could provide better latency handling and reduce the strain on central servers, 

improving the system’s responsiveness. In conclusion, blockchain-based file replication represents 

an ideal solution for IPFD consumers, providing a highly secure, transparent, and reliable method 

of distributing files. This system is well-suited for environments that require high data availability, 

security, and resilience, and with continuous advancements in blockchain technology, it has the 

potential to scale even further to meet the demands of future applications. 
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