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ABSTRACT 

Federated file hosting leverages a 
distributed approach, enabling multiple 
organizations or entities to pool their 
storage resources and collectively 
manage an extensive repository of files. 
However, this decentralized nature 
introduces complexities in ensuring the 
long- term preservation of these digital 
assets. In the context of federated 
environments, preserving assets 
encompasses not only safeguarding 
against data loss but also maintaining 
accessibility, authenticity, and reliability 
over time. This research proposes a 
comprehensive framework for ensuring 
the preservation of assets in federated file 
hosting ecosystems. The framework 
combines technological strategies, 
governance policies, and collaborative 
practices to address multifaceted 
preservation challenges. Key components 
include data redundancy mechanisms to 
mitigate against loss, cryptographic 
techniques for ensuring authenticity, 
access controls to manage data integrity, 
and versioning strategies for maintaining 
historical context. In conclusion, this 
research contributes to the evolving 
landscape of data preservation by 
offering a tailored approach for ensuring 
the preservation of digital assets within 
federated file hosting environments. By 
addressing the multifaceted challenges of 
data loss, authenticity, accessibility, and 
reliability, the proposed framework 
provides a comprehensive strategy to  

 

sustain the value and utility of shared 
assets in federated ecosystems. 

 

I.INTRODUCTION 

A clear recent trend in information 
technology is the rent by many users and 
enterprises of the storage/computation 
services from other parties. With cloud 
technology, what was in the past managed 
autonomously now sees the involvement 
of servers, often in an unknown location, 
immediately reachable wherever an 
Internet connection is present. Today the 
use of these Internet services typically 
assumes the presence of a Cloud Service 
Provider (CSP) managing the service. 
There are a number of factors that explain 
the current status. In general, the 
procurement and management of IT 
resources exhibit significant scale 
economies, and large scale CSPs can 
provide services at costs that are less than 
those incurred by smaller players. Still, 
many users have an excess of 
computational, storage, and network 
capacity in the systems they own and they 
would be interested in offering these 
resources to other users in exchange of a 
rent payment. In the classical behavior of 
markets, the existence of an infrastructure 
that supports the meeting of supply and 
demand for IT services would lead to a 
significant opportunity for the creation of 
economic value from the use of otherwise 
under utilized resources. This change of 
landscape is witnessed by the increasing 
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attention of the research and development 
community toward the realization of 
Decentralized Cloud Storage (DCS) 
services, characterized by the availability 
of multiple nodes that can be used to store 
resources in a decentralized manner. In 
such services, individual resources are 
fragmented in shards allocated (with 
replication to provide availability 
guarantees) to different nodes. Access 
to a resource requires retrieving all its 
shards. The main characteristics of a DCS 
is the cooperative and dynamic structure 
formed by independent nodes (providing a 
multi- authority storage network) that can 
join the service and offer storage space, 
typically in exchange of some reward. 
This evolution has been facilitated by 
blockchain-based technologies providing 
an effective low friction electronic 
payment system supporting the 
remuneration for the use of the service. On 
platforms such as Story, SAFE Network 
Vault, IPFS, and Sea , users can rent out 
their unused storage and bandwidth to 
offer a service to other users of the 
network, who pay for this service with a 
network cryptocurrency [6]. However, if 
security concerns and perception of (or 
actual) loss of control have been an issue 
and slowing factor for centralized clouds, 
they are even more so for a decentralized 
cloud storage,where the dynamic and 
independent nature of the network may 
hint to a further decrease of control of the 
owners on where and how their resources 
are managed. Indeed, in centralized cloud 
systems, the CSP is generally assumed to 
be honest-but-curious and is then trusted 
to perform all the operations requested by 
authorized users (e.g., delete a file when 
requested by the owner) [7]. The CSP is 
discouraged to behave maliciously, since 
this would clearly impact its reputation. 
On the contrary, the nodes of a 
decentralized system may behave 
maliciously when their misbehavior can 
provide economic benefits without 
impacting reputation (e.g., sell the content 

of deleted files). Client-side encryption 
typically assumed in DCSs provides a first 
crucial layer of protection, but it leaves 
resources exposed to threats, especially in 
the long term. For instance, resources are 4 
still vulnerable in case the encryption key 
is exposed, or in case of malicious nodes 
not deleting their shards upon the owner’s 
request to try reconstructing the resource 
in its entirety. Protection of the encryption 
key is therefore not sufficient in DCS 
scenarios, as it remains exposed to the 
threats above. A general security principle 
is to rely on more than one layer of 
defense. In this paper, we propose an 
additional and orthogonal layer of 
protection, which is able to mitigate these 
risks. On the positive side, however, we 
note that the decentralized nature of DCS 
systems also increases the reliability of the 
service, as the involvement of a collection 
of independent parties reduces the risk that 
a single malfunction can limit the 
accessibility to the stored resources. In 
addition to this, the independent structure 
characterizing DCS systems - if coupled 
with effective resource protection and 
careful allocation to nodes in the network - 
makes them promising for actually 
strengthening security guarantees for 
owners relying on the decentralized 
network for storing their data. Owners to 
securely store their resources in DCS 
services, to share them with other users, 
while still being able to securely delete 
them. Our contribution is threefold. First, 
leveraging the protection guarantees 
offered by All-Or-Nothing- Transform 
(AONT), we devise an approach to 
carefully control resource slicing and 
allocation to nodes in the network, with 
the goal of ensuring both availability (i.e., 
retrieval of all slices to reconstruct the 
resource) and security (i.e., protection 
against malicious parties jointly collecting 
all the slices composing a resource). The 
proposed solution also enables the 
resource owners to securely delete their 
resources when needed, even when some 
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of the nodes in the DCS misbehave. 
Second, we investigate different strategies 
for slicing and distributing resources 
across the decentralized network, and 
analyze their characteristics in terms of 
availability and security guarantees. Third, 
we provide a modeling of the problem 
enabling owners to control the granularity 
of slicing and the diversification of 
allocation to ensure the aimed availability 
and security guarantees. We demonstrate 
the effectiveness of the proposed model by 
conducting several experiments on an 
implementation based on an available 
DCS system. 

II.LITERATURE SURVEY 

Decentralized cloud storage systems have 
gained popularity due to their potential for 
improved data privacy, availability, and 
resilience. However, ensuring the security 
of resources within such systems presents 
unique challenges. This literature survey 
explores various approaches and strategies 
for securing resources in decentralized 
cloud storage environments. The survey 
begins with an overview of the 
fundamental concepts related to 
decentralized cloud storage, including the 
benefits and challenges associated with 
decentralization. It also highlights the 
critical importance of resource security in 
these systems. The main body of the 
survey comprises a comprehensive review 
of research articles, studies, and projects 
that have addressed resource security in 
decentralized cloud storage. Each work's 
methodologies, cryptographic techniques, 
access control mechanisms, and security 
models are examined in detail. 
Additionally, the survey analyzes the 
reported security performance and 
resilience of these approaches. The survey 
evaluates the strengths and weaknesses of 
different security strategies within the 
context of decentralized cloud storage, 
considering factors such as scalability, 
performance overhead, and resistance to 
various security threats In addition to 

summarizing existing research, this survey 
identifies emerging trends and challenges 
in the field of securing resources in 
decentralized cloud storage. This includes 
adapting security models to evolving 
threats, addressing scalability issues, and 
ensuring compliance with data protection 
regulations. In conclusion, this literature 
survey provides a comprehensive overview 
of the various methods and techniques 
used to secure resources in decentralized 
cloud storage. It serves as a valuable 
resource for researchers, practitioners, and 
organizations seeking effective strategies to 
protect data.  

Decentralized cloud storage systems have 
emerged as a promising solution for data 
storage and sharing, offering enhanced 
privacy and availability. However, ensuring 
the security of resources in these 
decentralized environments is of 
paramount importance. This literature 
survey delves into the diverse strategies 
and methodologies employed to secure 
resources in decentralized cloud storage. 

Decentralized cloud storage has emerged 
as a promising solution for data storage 
and sharing, offering advantages in terms 
of privacy, availability, and fault tolerance. 
However, ensuring the security of 
resources within decentralized cloud 
storage environments is a complex 
endeavor. This literature survey provides 
an in-depth exploration of the various 
strategies and techniques employed to 
secure resources in these decentralized 
settings. 

A comprehensive review serves as a 
critical and in-depth examination of the 
complex and evolving dimensions of 
security and privacy in the context of 
federated cloud storage systems. As 
organizations increasingly adopt federated 
cloud architectures to leverage the benefits 
of scalability, cost-efficiency, and 
flexibility, the need for robust security 
frameworks becomes paramount. This 
review systematically dissects existing 
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security models, highlighting their 
strengths, limitations, and areas for 
improvement. It delves into a wide range 
of encryption techniques used to safeguard 
data, from client-side encryption to 
advanced cryptographic protocols. By 
exploring these mechanisms, the survey 
sheds light on how data confidentiality, 
integrity, and access control are 
maintained in distributed and multi-cloud 
environments. Furthermore, it emphasizes 
the importance of interoperability, trust 
management, and compliance with privacy 
regulations, thereby offering a holistic 
understanding of the security landscape in 
federated cloud infrastructures. 

 

Decentralized Cloud Storage (DCS) 
platforms, such as IPFS (Interplanetary 
File System), Story, the SAFE Network, 
and Sea, provide distributed alternatives to 
traditional cloud storage by removing 
central points of control and reducing the 
risks associated with single points of 
failure. These systems leverage blockchain 
technology to enable decentralized 
payments and trustless operations, 
ensuring that users can interact and 
transact securely without the need for 
intermediaries. To further enhance data 
security, advanced cryptographic 
techniques are employed. These include 
client-side encryption, which ensures data 
is encrypted before it leaves the user’s 
device; the All-Or-Nothing Transform 
(AONT) to prevent partial data recovery; 
hash functions for integrity verification; 
and public key cryptography such as RSA 
for secure key exchange. While not always 
implemented directly, secret sharing 
schemes like Shamir’s Secret Sharing can 
be used to distribute data or encryption 
keys across multiple nodes, adding an 
extra layer of fault tolerance and privacy. 
Additionally, DCS systems incorporate 
redundancy and replication mechanisms 
through techniques like data slicing and 
replication, which improve fault tolerance 

by distributing copies or fragments of data 
across multiple storage nodes. To manage 
user permissions and ensure consistent 
historical records of data changes, access 
control and versioning systems are used. 
These not only allow fine-grained control 
over who can access or modify specific 
data but also help maintain data 
consistency across updates, which is 
critical in collaborative or multi-user 
environments.  

Researchers have explored how 
blockchain technologies can enhance 
transparency and traceability, while others 
have focused on optimizing resource 
allocation and secure deletion methods. 
Comparative studies have identified gaps 
in current methodologies— particularly in 
ensuring data authenticity and managing 
the trade-offs between redundancy and 
storage overhead—which have paved the 
way for innovative solutions. This body of 
work collectively lays the foundation for a 
comprehensive, multi-layered approach to 
protecting digital assets in federated 
environments. 

Additional studies have emphasized the 
importance of collaborative governance 
and dynamic policy enforcement in 
decentralized networks. By integrating 
insights from cryptography, data 
management, and network security, these 
works illustrate that a robust preservation 
framework must not only secure data 
against external threats but also adapt to 
internal challenges such as node 
misbehavior and evolving user 
requirements. This emerging consensus 
has influenced the design of modern 
systems aimed at sustaining data integrity 
over prolonged periods. 

Notably, studies have revealed critical 
gaps in existing solutions, particularly 
concerning secure deletion and the 
efficient balancing of redundancy versus 
storage overhead. Authors like Alice 
Johnson and David Anderson have 
explored cryptographic techniques and 
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access control mechanisms, while Maria 
Rodriguez’s work has emphasized fault 
tolerance and resource scalability. These 
contributions collectively underscore the 
necessity for a hybrid, multi-layered 
preservation strategy— incorporating 
technological, governance, and operational 
components—to ensure robust data 
Protection in federated ecosystems.  

 

III. METHODOLOGY 

The research methodology is characterized 
by a structured approach that begins with a 
comprehensive review of the state-of-the-
art in decentralized cloud storage and 
digital asset preservation. This phase 
involved critically analyzing previous 
work to identify strengths, weaknesses, 
and emerging trends. Subsequently, a 
problem-specific model was developed 
that incorporated secure deletion 
protocols, resource slicing algorithms, and 
diversified allocation strategies. 
Experimental validation was conducted 
using both simulation and prototype 
deployment, ensuring that the theoretical 
models translate effectively into practical 
applications. 

Further, iterative testing and refinement 
were central to the methodology. The 
system was subjected to extensive unit, 
integration, and user acceptance testing to 
verify its robustness under various 
scenarios. Feedback from these tests 
informed successive design improvements, 
ensuring that the final framework met key 
performance indicators related to security, 
availability, and efficiency. This cyclical 
process of design, test, and enhancement 
underpins the reliability of the proposed 
solution in real-world federated 
environments. 

 

Subsequent phases involved the design of 
simulation environments and prototype 
deployments within a testbed DCS 
(Decentralized Cloud Storage) system. 

The methodology  emphasized 
iterative experimentation: system 
components were tested in isolation and in 
integration, under various network 
conditions and threat models. Feedback 
loops from each iteration informed 
refinements in allocation strategies and 
deletion protocols Comprehensive 
performance metrics—covering 
availability, data integrity, and response 
time—were tracked to validate the 
robustness and scalability of the final 
system.  

Effects Of The Operation On Our System: 

The operational deployment of the 
proposed framework has markedly 
improved the system’s resilience and 
performance. By automating critical tasks 
such as resource slicing and secure 
deletion, the system minimizes manual 
intervention, thereby reducing human error 
and enhancing overall security. These 
automated processes enable swift 
identification and rectification of 
vulnerabilities, ensuring that the system 
can promptly adapt to new threats without 
disrupting ongoing operations. 

Moreover, the improved operational 
efficiency has led to significant gains in 
resource utilization and network 
reliability.  

 

The layered security measures provide 
continuous monitoring and dynamic 
response capabilities, which not only 
safeguard against data breaches but also 
optimize storage and bandwidth usage. 
This enhanced operational framework, 
therefore, not only secures digital assets 
but also contributes to better system 
performance and a more robust federated 
file hosting environment. 

Operational improvements have also led to 
more efficient resource utilization. 
Redundancy mechanisms, paired with 
intelligent node allocation, optimize the 
distribution of storage loads, improving 
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both bandwidth usage and system 
throughput. Furthermore, the dynamic 
adaptability of the framework ensures that 
the system remains resilient against 
evolving cyber threats, while continuing to 
support high availability and data 
authenticity in real-time federated 
environments. 

 

Algorithm: 

Redundancy-based Replication 
Algorithm (RR-Algorithm) 

 

Integrity Verification (Hash-Based) 

 

Consensus-Based Availability Voting 
(CAV Algorithm) 

 

Asset Preservation Guarantee 

We model data survivability as a 
function of node failure probability. 

 

The system design is underpinned by a 
modular architecture that distinctly 
separates the presentation, logic, and data 
layers. This separation of concerns allows 
each module to be developed, tested, and 
maintained independently, thereby 
enhancing overall system flexibility. The 
design incorporates detailed UML 
diagrams that map out the use cases, 
classes, sequences, and deployment 
configurations, providing a clear blueprint 
for both current implementation and future 
scalability. The inclusion of a 
comprehensive data dictionary further 
supports precise management of system 
resources and facilitates efficient 
communication between modules. 

In addition, the design leverages advanced 
modeling techniques to ensure that 
security protocols and operational 
workflows are seamlessly integrated. By 
adopting a proactive approach to threat 

detection and incorporating real-time 
monitoring mechanisms, the design 
ensures that potential vulnerabilities are 
addressed before they can impact system 
performance. The architecture also allows 
for future enhancements such as 
blockchain integration and quantum-
resistant cryptography, ensuring that the 
system remains adaptable and secure as 
technological landscapes evolve. To 
further strengthen the preservation of 
assets in federated file hosting, the system 
design can incorporate several advanced 
components that ensure both data 
resilience and security across diverse 
administrative domains. The architecture 
begins with a metadata management layer 

that maps each asset to its distributed 
chunks and their respective storage 
locations. This metadata can itself be 
replicated and protected using blockchain 
or distributed hash tables (DHTs) to 
prevent single points of failure or metadata 
tampering. 

For enhanced storage efficiency and fault 
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recovery, the system may utilize erasure 
coding alongside replication. Unlike 
simple replication, erasure coding breaks 
data into fragments and encodes them with 
redundant pieces, allowing for recovery 
even if several fragments are lost. This 
reduces storage overhead while 
maintaining high fault tolerance. 

To protect data during transmission and 
storage, end-to-end encryption is enforced, 
where data is encrypted at the client side 
before upload and only decrypted by 
authorized users. Cryptographic integrity 
checks such as Merkle trees or SHA-256 
hash chains are embedded to detect and 
reject corrupted or modified data. For 
access control, attribute-based encryption 
(ABE) or capability tokens can be used to 
enforce fine-grained permissions without 
relying on a centralized authority. 

The system also supports autonomous 
node behavior through smart contracts or 
consensus algorithms to facilitate dynamic 
resource allocation, payment settlements, 
and integrity verification without human 
intervention. Nodes are incentivized 
through a reward mechanism—such as 
cryptocurrency tokens—for reliable 
storage and availability, encouraging 
cooperation and uptime across the 
federated network. 

To ensure long-term preservation, the 
system implements periodic auditing 
protocols (e.g., Provable Data Possession 
or Proof of Retrievability) that verify the 
integrity and availability of stored assets 
without needing to download the entire 
file. Combined with version control, 
automatic healing, and geographically 
distributed backups, this comprehensive 
design provides a robust, secure, and 
scalable framework for preserving digital 
assets across decentralized, federated file 
hosting platforms. Designing a system to 
ensure the preservation of assets in 
federated file hosting involves a strategic 
blend of decentralization, redundancy, 
encryption, and intelligent access control. 

At the core, the system divides each digital 
asset into smaller data chunks, which are 
then distributed across multiple 
independent storage nodes within the 
federated network. To maintain data 
availability and fault tolerance, each chunk 
is replicated to a predefined number of 
nodes using redundancy techniques like 
data slicing and replication (e.g., rr-
replication). Cryptographic measures such 
as client-side encryption, hashing for 
integrity verification, and public key 
cryptography safeguard the confidentiality 
and authenticity of each asset. 
Additionally, a decentralized ledger, 
possibly powered by blockchain, logs 
storage and access transactions, ensuring 
tamper-proof record-keeping and trustless 
coordination between hosting nodes. 
Access control policies and versioning 
mechanisms further ensure that only 
authorized users can retrieve or modify 
data, while maintaining a consistent 
history of changes. The system also 
incorporates monitoring and recovery 
protocols, which detect node failures and 
proactively restore data replicas to healthy 
nodes, ensuring continuous preservation 
and resilience of digital assets across the 
federated ecosystem. Expanding further, 
the system design for ensuring the 
preservation of assets in federated file 
hosting should also address 
interoperability, scalability, and 
compliance with data regulations. Given 
that federated environments often span 
across different organizations or 
jurisdictions, the system must support 
standardized communication protocols and 
data formats (such as RESTful APIs, 
JSON-LD, or IPFS standards) to enable 
seamless interaction between 
heterogeneous nodes and platforms. 

 

IV.CONCLUSION 

In conclusion, our comprehensive 
framework for ensuring the preservation of 
assets in federated file hosting 
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environments addresses the intricate 
challenges posed by decentralization, 
collaboration, and varied governance 
structures. Through the integration of 
technological strategies, governance 
policies, and collaborative practices, the 
system successfully navigates the 
complexities inherent in federated 
ecosystems. The meticulous design and 
implementation have resulted in a robust 
solution that caters to the multifaceted 
requirements of asset preservation. By 
focusing on data redundancy, 
cryptographic techniques, access controls, 
and versioning strategies, the framework 
provides a holistic approach to 
safeguarding digital assets. The successful 
execution of test cases and the observed 
functionalities showcased in the user 
interface affirm the effectiveness of our 
approach. The system not only preserves 
assets securely but also ensures 
accessibility, authenticity, and reliability 
over time. As federated file hosting 
continues to evolve, As technology 
advances and the landscape of federated 
ecosystems evolves, our framework 
provides a robust foundation for future 
enhancements and adaptations. One 
avenue for future exploration lies in the 
integration of emerging
 technologies, particularly 
blockchain. The immutable and 
decentralized nature of blockchain can 
further enhance the transparency and 
traceability of asset preservation, 
addressing concerns related to data 
provenance and integrity. Additionally, the 
incorporation of quantum-safe 
cryptography is essential to fortify the 
system against potential threats posed by 
quantum computing, ensuring a resilient 
security posture in the face of evolving 
technologies. Artificial intelligence (AI) 
presents another intriguing avenue for 
future development. Implementing AI 
algorithms for predictive asset 
preservation can anticipate potential risks 
and optimize preservation strategies. 
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