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ABSTRACT :

The system focuses on proposing a robust authentication framework based on these Secure Remote Password (SRP) protocol to enhance the security of data
exchange in Peer-to- Peer (P2P) cloud environments. The Advanced Encryption Standard (AES) algorithm provides encryption and the SRP protocol leverages
cryptographic primitives to establish mutual authentication between cloud servers and users, ensures that data, remains protected against any vulnerabilities. The
system encompasses various stages, including user registration, key establishment, and secure data transmission. After user registration, the SRP protocol employs
a zero knowledge proof mechanism to maintain the security of data available on cloud servers, mitigating the risks associated with password leaks and unauthorized
access. Furthermore, the protocol facilitates secure key exchange to establish a confidential communication channel between peers, enabling encrypted data
transmission. The system integrates SRP protocol and AES encryption, fortifying data security in P2P cloud environments through robust authentication, ensuring
a comprehensive defence against potential vulnerabilities.
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Introduction

Cloud computing has revolutionized the way data is stored, processed, and accessed, providing users with a scalable and cost-effective solution for
managing digital assets. However, traditional centralized cloud architectures raise concerns regarding data privacy, security, and potential single points
of failure. To address these security concerns, researchers had given innovative solutions, one of which is the P2P Cloud Authentication and
Key

Agreement Scheme using cryptographic techniques. The scheme aims to establish secure and efficient authentication mechanisms and key agreement
protocols tailored for P2P cloud computing environments. The primary goal of the P2P Cloud Authentication and Key Agreement Scheme is to enable
secure communication between peers while ensuring data confidentiality and integrity. The scheme leverages cryptographic techniques to authenticate
users and establish shared secret keys that enable encrypted communication channels among peers. By utilizing the approach, the P2P Cloud
Authentication and Key Agreement Scheme using cryptographic techniques establishes a robust and decentralized security infrastructure, mitigating the
risks associated with central points of failure and unauthorized access.

Peer To Peer Cloud

Peer To Peer cloud architecture represents a decentralized network where participating clouds collaborate to store and manage data and services. Unlike
traditional client-server models, P2P clouds do not rely on a central authority for authentication and data storage. Instead, data is distributed across
multiple clouds, making it more resilient to failures and reducing the risk of data loss. Each cloud in the P2P cloud acts both asa provider and consumer of
resources, contributing to the overall stability and scalability of the system. The decentralized nature of P2P cloud ensures high fault tolerance. If one
cloud fails, the network redistributes the data and services to other available clouds, reducing the impact of cloud failures on the overall system. clouds
are highly scalable. As more clouds join the network, the system's capacity and resources increase accordingly, allowing the cloud to grow without reliance
on a single data center. Data is distributed and replicated across multiple clouds, ensuring redundancy and data availability even in the face of cloud
failures or network disruptions. It employs load balancing techniques to distribute the workload evenly across participating clouds, optimizing resource
utilization and preventing overburdening of specific clouds. The users can interact with the network without revealing their identity, providing a level of
anonymity and privacy.

Advanced Encryption Standard (AES)
Advanced Encryption Standard (AES) stands as one of the most widely used and secure cryptographic algorithms in the world. It was established as a

standard by the National Institute of Standards and Technology (NIST) in 2001, supplanting the Data Encryption Standard (DES) which had become
vulnerable to increasingly powerful computing capabilities. AES is a symmetric-key algorithm, meaning it uses the same key for both encryption and
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decryption processes. The key is a binary string of a specific length, which can be either 128, 192, or 256 bits. AES operates on blocks of data, dividing
them into fixed-size blocks and then applying a series of transformations. The strength of AES lies in its ability to obfuscate the relationship between the
input and output blocks, rendering it highly resistant to cryptographic attacks. It employs a substitution-permutation network, combining processes of
substitution (replacing elements) and permutation (rearranging elements) in multiple rounds. These rounds depend on the key length: 10 rounds for a 128-
bit key, 12 rounds for a 192-bit key, and 14 rounds for a 256-bit key. One of the fundamental reasons for AES's effectiveness is the complexity of the
operations involved. The algorithm employs a substitution box (S-box) to substitute bytes, creating non-linear relationships within the data. Additionally,
AES utilizes a key expansion process, where the original key is transformed into a series of round keys through a sequence of operations. This makes it
exceedingly difficult for adversaries to reverseengineer the original key from the round keys. 19 AES is widely adopted across various domains, from
securing sensitive data in financial transactions, safeguarding communications over the internet, to protecting classified government information. Its
versatility and robustness have made it a cornerstone of modern cryptography. Despite its widespread use, AES has withstood extensive scrutiny from the
global cryptographic community, solidifying its reputation as a highly secure encryption standard

Secure Remote Password (SRP) Protocol

The Secure Remote Password (SRP) protocol is a strong cryptographic authentication mechanism that operates based on a combination of cryptographic
hashing and public-key cryptography. Unlike traditional password-based authentication, SRP does not send the user's password over the network during
the authentication process, thereby mitigating potential eavesdropping and replay attacks. Instead, SRP uses a series of mathematical operations and
shared secret values to establish a secure and authenticated session between the user and the server (or cloud in the case of P2P cloud). SRP follows a
challenge-response authentication scheme. When a user initiates the login process, the cloud challenges the user to prove their identity without revealing
their actual password. This is achieved through the exchange of randomly generated values and cryptographic calculations. The result is a mutual
authentication process where both the user and the cloud verify each other's identity, ensuring a secure communication channel. The aspect of the SRP
protocol is that compromised verification keys are of little value to an attacker. Possession of a verification key does not 20 allow a user to be impersonated
and it cannot be used to obtain the user’s password except by way of a computationally infeasible dictionary attack. A compromised key would, however,
allow an attacker to impersonate the server side of an SRP authenticated connection. Consequently, care should be taken to prevent unauthorized access
to verification keys for applications in which the client-side relies on the server being genuine.

2. Related Work

Hong Zhong et al., [1] The paper underscores the pivotal role of robust authentication mechanisms in fostering trust during data migration processes
within cloud computing. Data migration, involving the transfer of data between systems or cloud providers, is afundamental aspect of optimizing resources
and enhancing scalability. Robust authentication mechanisms become crucial components in this trust-building process.

Nesrine Kaaniche et al., [2] The paper appears to focus on security aspects related to cloud data storage. Specifically, it emphasizes the use of cryptographic
mechanisms to enhance the security of data stored in the cloud. They delves into various cryptographic techniques employed for securing data in cloud
storage. This could include encryption algorithms, key management, access control, and other cryptographic protocols.

Sarojini G et al., [3] The Enhanced Mutual Trusted Access Control Algorithm (EMTACA) places a strong emphasis on mutual trust between cloud users
and service providers. EMTACA employsreputation aggregation and integration to enhance authentication processes, emphasizing the critical role of trust
in accessing cloud services

Mazhar Ali et al., [4] Ensuring data confidentiality and secure cross-cloud data migration are central concerns in cloud security. Secure Data Sharing in
Clouds (SeDaSC) methodology enables secure data sharing within a group using cloud storage. This methodology not only addresses insider threats and
access control but 8also maintains forwardand backward security. Moreover, it is designed to reduce the computational burden on mobile devices, making
it compatible with resource-constrained environment

Jia et al., [5] Secure authentication within resource-constrained Mobile Edge Computing (MEC) environment introduces an identity-based anonymous
authentication scheme that prioritizes both security and privacy in authentication processes, contributing a valuable solution for securing access in such
settings

Cui et al.,[6] An authentication scheme for vehicular networks in multi-cloud environments. This survey underscores the importance of encryption
techniques and access control in maintaining data confidentiality and security. Together, these surveys emphasize the critical role of encryption methods
in ensuring data confidentiality within cloud environments and the significance of authentication in establishing trust and security during cross-cloud data
migration

Guptaetal., [7] The paper focuses on addressing critical aspects of data security within cloud computing. With a dual emphasis on secure data storage and
sharing, the paper delves into the unique challenges posed by cloud environments in safeguarding data throughout its lifecycle. Strategies for secure data
storage are explored, encompassing encryption methodologies, access controls, and redundancy measures to protect data at rest.

Zhang et al.,[8] The concept of Attribute-Based Keyword Search (ABKS) with cryptographic reverse firewalls (CRF), demonstrates its effectiveness in
enabling secure searches over encrypted cloud storage. This approach leverages advanced cryptographic methods, including verifiable functional
encryption and non-interactive zero-knowledge proofs, to ensure robust data protection

Shabbir et al.,[9] The Modular Encryption Standard (MES) is showcased as a vital tool for securing sensitive health information and its adoption is proven
to yield superior performance compared to other encryption algorithms, reinforcing its role in enhancing data security within healthcare settings
Nhlabatsi etal.,[10] The paper suggestsa targeted examination of security risksin cloud computing with a focus on threat-specific assessments. This likely
involves a comprehensive analysis of various threats that could potentially compromise the security of cloud environments. The paper might delve into
identifying and evaluating specific threats such as data breaches, unauthorized access, and other cyber there.
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Proposed Work

Authentication is a critical aspect of any cloud-based system, ensuring that only authorized users can access sensitive data and services. The traditional
client-server model for authentication has its limitations, such as centralization, potential single points of failure, and scalability issues. To overcome
these challenges, the use of P2P cloud architecture combined with the SRP protocol offers a promising approach. It delves into the concept of
authentication using a P2P cloud with SRP. The Figure 4.1 shows the secure message flow between P2P clouds and the user.
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Figure 4.1 Block diagram of the authentication using P2P cloud using SRP

ADVANCED ENCRYPTION STANDARD (AES)

Advanced Encryption Standard (AES) stands as one of the most widelyused and secure cryptographic algorithms in the world. It was established as a
standard by the National Institute of Standards and Technology (NIST) in 2001, supplanting the Data

Encryption Standard (DES) which had become vulnerable to increasingly powerful computing capabilities. AES is a symmetric-key algorithm, meaning
it uses the same key for both encryption and decryption processes. The key is a binary string of a specific length, which can be either 128, 192, or 256
bits. AES operates on blocks of data, dividing them into fixed-size blocks and then applying a series of transformations. The strength of AES lies in its
ability to obfuscate the relationship between the input and output blocks, rendering it highly resistant to cryptographic attacks. It employs a substitution-
permutation network, combining processes of substitution (replacing elements) and permutation (rearranging elements) in multiple rounds. These rounds
depend on the key length: 10 rounds for a 128-bit key, 12 rounds for a 192-bit key, and 14 rounds for a 256-bit key.

One of the fundamental reasons for AES's effectiveness is the complexity of the operations involved. The algorithm employs a substitution box (S-box)
to substitute bytes, creating non-linear relationships within the data. Additionally, AES utilizes a key expansion process, where the original key is
transformed into a series of round keys through a sequence of operations. This makes it exceedingly difficult for adversaries to reverse- engineer the
original key from the round keys.

SECURE REMOTE PASSWORD (SRP) PROTOCOL

The Secure Remote Password (SRP) protocol is a strong cryptographic authentication mechanism that operates based on a combination of cryptographic
hashing and public-key cryptography. Unlike traditional password-based authentication, SRP does not send the user's password over the network during
the authentication process, thereby mitigating potential eavesdropping and replay attacks. Instead, SRP uses a series of mathematical operations and
shared secret values to establish a secure and authenticated session between the user and the server (or cloud in the case of P2P cloud).

SRP follows a challenge-response authentication scheme. When a user initiates the login process, the cloud challenges the user to prove their
identitywithout revealing their actual password. This is achieved through the exchange of randomly generated values and cryptographic calculations. The
result is a mutual authentication process where both the user and the cloud verify each other's identity, ensuring a secure communication channel.

The aspect of the SRP protocol is that compromised verification keys are of little value to an attacker. Possession of a verification key does not allow a
user to be impersonated and it cannot be used to obtain the user’s password except by way of a computationally infeasible dictionary attack. A
compromised key would, however, allow an attacker to impersonate the server side of an SRP authenticated connection. Consequently, care should
betaken to prevent unauthorized access to verification keys for applications in which the client-side relies on the server being genuine.
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AUNTHENTICATION PROCESS

Once the user is registered, the initiation of the authentication process occurs whenever they wish to access the P2P cloud. The authentication process
uses the SRP protocol to establish a secure session between the user and the cloud.

Login Request

The user sends a login request to the cloud, indicating their desire to access the P2P cloud. The login request includes the user's username as a means of
identifying themselves.

Challenge Generation

Upon receiving the login request, the cloud generates a random challenge known as the "verifier." The verifier serves as a cryptographic puzzle that the
user must solve to prove their identity. The cloud sends the verifier back to the user.

Session Key Calculation

Using the verifier, the username, and the password, the user performs a series of cryptographic calculations to derive a client session key. The calculation
involves modular exponentiation and other cryptographic operations, ensuring that the session key is secure and resistant to attacks.

Session Key Exchange

The user sends the computed session key back to the cloud as a response to the challenge. The session key is essential for establishing a secure
communication channel between the user and the cloud.

Verification

Upon receiving the session key, the cloud performs the same cryptographic calculations as the user did during the session key calculation step. If the
session key provided by the user matches the one calculated by the cloud, the user's identity is verified, and the cloud grants access to the P2P cloud.

Results and Discussion

P2P cloud refers to a user directly sharing computing resources anddata with each other in a decentralized manner. For data encryption, the AES
algorithm is employed. AES ensures that all data transmitted and stored in the cloud remains encrypted. The generation of encryption keys demands the
use of a secure random number generator. It ensures the secure storage of encrypted files within Cloud Storage or the chosen storage solution. This
practice guarantees unpredictability and resilience against cryptographic attacks, reinforcing the security of AES encryption. To authenticate file transfers
within the P2P cloud service, the SRP protocol is implemented, guaranteeing that only authorized users can initiate and complete data exchanges,
thwarting unauthorized access. Python, a versatile programming language, becomes a tool of choice for the implementation of encryption and
authentication processes. Diverse data types, such as .png, .pdf, .mp3, .jpeg, .csv, and more, can be seamlessly shared within this P2P cloud
environment. Regardless of the file format, the robust encryption and authentication mechanisms persistently safeguard the user's data against potential
security threats.

The Figure 5.1 explains the creation of Cloud Storage bucket for each VM as an intermediary of transfering data from one cloud to another cloud. This
is useful for data staging, data processing and data backup.
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The Figure 5.7 explains the client communication with the server VM by using SSH to connect the server VM instance. It allows securely to
accessand manage VM remotely.
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Figure 5.7 Client communication using SSH

Conclusion

The proposed authentication framework represents a significant advancement in enhancing data security within P2P cloud environments. By integrating
the SRP protocol and the AES algorithm, the system establishes a robust defense against potential vulnerabilities, ensuring the confidentiality of
exchanged information. The SRP protocol's incorporation of cryptographic primitives bolsters mutual authentication between cloud servers and users.
Leveraging a zero-knowledge proof mechanism during user registration, the protocol effectively neutralizes the risks stemming from password leaks.
Moreover, the framework's emphasis on secure key exchange underscores the commitment to fostering confidential communication channels between
peers. As the digital realm continues to evolve, solutions like these pave the way for safer, more secure data exchanges, driving the future of P2P cloud
environments towards greater resilience and protection.
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