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Abstract

The secure exchange of cryptographic keys is crucial for ensuring the
confidentiality and integrity of AI models during sharing and collaboration.
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1. Introduction

1.1. Background and Motivation

Artificial Intelligence (Al) has revolutionized various industries and domains, ranging from healthcare to
finance, by enabling sophisticated data analysis and decision-making. The rapid advancements in Al
have led to an increasing demand for sharing and collaborating on Al models among researchers,
organizations, and developers. Al model sharing facilitates knowledge transfer, promotes collaboration,
and accelerates progress in the field. However, sharing Al models raises significant security and privacy
concerns.
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1.2. Problem Statement

When sharing Al models, one of the critical challenges is ensuring the confidentiality and integrity of the
models and their associated data. The models may contain sensitive information, proprietary algorithms, or
intellectual property that must be protected from unauthorized access or malicious attacks. Additionally,
maintaining the integrity of the models is essential to prevent tampering or modifications that could lead to
inaccurate results or malicious behavior.

1.3. Objectives

The primary objective of this paper is to propose a secure key exchange approach specifically designed for
encrypted model sharing. The proposed approach aims to establish a robust mechanism for securely exchanging
cryptographic keys between the involved parties. By achieving secure key exchange, the confidentiality and
integrity of Al models can be protected throughout the sharing process.

1.4. Contribution

The main contribution of this research paper is the development of a novel secure key exchange approach
tailored for encrypted model sharing. The proposed approach leverages cryptographic techniques to ensure
the confidentiality of exchanged keys, thwart unauthorized access, and guarantee the integrity of shared Al
models. By addressing the key distribution problem in Al model sharing, this research paper provides a
reliable and efficient solution for secure collaboration and knowledge sharing in the Al community.

The subsequent sections of this paper will delve into the related work in Al model sharing, discuss the
secure key exchange techniques employed, present the implemen- tation details, and evaluate the effectiveness
and security of the proposed approach. Through this research, we aim to provide insights and solutions that
will enhance the security and privacy of Al model sharing, enabling researchers and organizations to collaborate
with confidence while safeguarding their valuable Al assets.

2. Literature Review

2.1. Existing Approaches for AI Model Sharing

Numerous research papers have proposed different approaches for Al model sharing, addressing various
aspects of security and privacy. Some notable papers in this domain include:

* This paper introduces federated learning, a collaborative approach that enables training models across
distributed devices without sharing raw data, thereby preserving privacy. It discusses the challenges and
potential solutions associated with federated learning (Li et al.., 2018).

* This paper presents a system design for large-scale federated learning, focusing on addressing challenges
related to communication, security, and model aggregation. It discusses the design considerations and the
potential impact of federated learning at scale (Bonawitz ef al., 2019).

2.2. Limitations of Current Methods

Several research papers highlight the limitations and potential risks associated with existing Al model sharing
methods. Some relevant works include:

* This paper explores the vulnerability of Al models to poisoning attacks, where malicious actors manipulate
the training data to compromise the model’s integrity and performance. It emphasizes the need for robust
defenses against such attacks in Al model sharing scenarios (Jagielski ef al., 2018).

* This paper investigates the potential information leakage in collaborative deep learning, where participants
share model updates during training. It identi fies privacy risks and proposes countermeasures to mitigate
information leakage in collaborative settings (Hitaj et al., 2017).

2.3. Importance of Secure Key Exchange

The significance of secure key exchange in Al model sharing has been emphasized in several research papers.
Some relevant works include:
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* This paper provides an overview of practical strategies for secure key exchange, covering various
cryptographic protocols and techniques. It discusses the importance of secure key exchange in ensuring
confidentiality and integrity and highlights key considerations and best practices (Boyd and Dawson,
2017).

* This seminal paper introduces the concept of public key cryptography and the Diffie-Hellman key exchange
protocol. Itlays the foundation for secure key exchange and revolutionizes the field of cryptography (Diffie
and Hellman, 1976).

By considering the insights and limitations presented in these and other related research papers, this
research paper aims to propose a novel secure key exchange approach tailored for encrypted model sharing,
addressing the security and privacy concerns associated with Al model sharing.

3. Secure Key Exchange
3.1. Overview of Secure Key Exchange

Secure key exchange is a fundamental component in ensuring the confidentiality and integrity of Al models
during sharing and collaboration. It involves the secure transmission of cryptographic keys between authorized
parties to establish a secure communication channel. The key exchange process is designed to prevent
eavesdropping, unauthorized access, and tampering by adversaries.

3.2. Key Distribution Problem in AI Model Sharing

In Al model sharing scenarios, the key distribution problem arises when multiple parties need to securely
exchange keys without compromising their confidentiality. The challenge lies in establishing a secure and
efficient mechanism for distributing keys among authorized participants, ensuring that only the intended
recipients have access to the keys.

3.3. Key Exchange Techniques

Various cryptographic techniques can be employed for secure key exchange in AI model sharing. Some
commonly used techniques include:

3.3.1. Public Key Cryptography

Public key cryptography, also known as asymmetric cryptography, involves the use of a public-private key pair.
The public key is shared openly, while the private key is kept secret. Public key encryption algorithms, such as
RSA and Elliptic Curve Cryptography (ECC), enable secure key exchange by allowing the encryption of messages
using the recipient’s public key, which can only be decrypted using the corresponding private key.

3.3.2. Diffie-Hellman Key Exchange

Diffie-Hellman key exchange is a widely used algorithm that allows two parties to establish a shared secret
key over an insecure channel. It relies on the computational difficulty of solving the discrete logarithm problem.
The parties jointly generate a shared secret without explicitly transmitting the secret over the communication
channel, thereby ensuring confidentiality.

3.3.3. Elliptic Curve Cryptography

Elliptic Curve Cryptography (ECC) is a public key cryptography technique that offers strong security with
smaller key sizes compared to other asymmetric algorithms. It leverages the mathematical properties of elliptic
curves to provide secure key exchange. ECC-based key exchange algorithms, such as Elliptic Curve Diffie-
Hellman (ECDH), are efficient and suitable for resource-constrained environments.

3.4. Secure Key Exchange for AI Model Sharing

To ensure secure key exchange in Al model sharing, a combination of techniques can be employed. For example,
a hybrid approach may utilize public key cryptography for the initial exchange of symmetric session keys,
which are then used for efficient encryption and decryption of the shared Al models. This approach balances
security and performance considerations.
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3.5. Challenges and Considerations

The secure key exchange process in Al model sharing faces several challenges and considerations, including
key management, key size selection, forward secrecy, authentication, and protection against active attacks.
These challenges necessitate careful design and implementation to ensure the security and resilience of the
key exchange mechanism.

By implementing a secure key exchange approach specifically designed for encrypted model sharing, the
confidentiality, integrity, and authenticity of Al models can be effectively protected. The subsequent sections of
this research paper will delve into the implementation details, evaluation, and analysis of the proposed secure
key exchange approach, demonstrating its effectiveness in ensuring secure Al model sharing.

4. Implementation Details

4.1. Selection of Cryptographic Algorithms and Protocols

In the implementation of the secure key exchange approach for encrypted model shar- ing, the selection of
cryptographic algorithms and protocols is crucial. One sample technique that can be employed is a combination
of public key cryptography and symmetric key encryption.

* Public Key Cryptography: Use asymmetric algorithms such as RSA or elliptic curve cryptography (ECC)
for secure key exchange. Participants generate public-private key pairs, where the public key is used for
encryption and the private key is kept secret for decryption. This ensures confidentiality and authentication
during the key exchange process.

* Symmetric Key Encryption: After the secure exchange of public keys, participants can generate a shared
symmetric session key using a key agreement protocol such as Diffie-Hellman or elliptic curve Diffie-
Hellman (ECDH). The shared symmetric session key is used for efficient encryption and decryption of the
Al models during sharing.

4.2. Key Generation and Distribution Mechanismns

For the secure generation and distribution of cryptographic keys, several mechanisms can be employed. One
approach is to use a combination of random number generation and key derivation techniques.

* Random Number Generation: Implement strong random number generation algorithms or use hardware-
based random number generators to generate high-quality random numbers for key generation. This ensures
the unpredictability and strength of the generated keys.

* Key Derivation: Derive session keys from shared secrets or passwords using key derivation functions such
as PBKDF2 or berypt. This allows participants to generate keys based on a common shared secret, such as
a password or passphrase, ensuring that only authorized entities can derive the same keys.

* Key Distribution: Employ secure channels, such as SSL/TLS or secure messaging protocols, for the
distribution of the generated keys. This ensures that the keys are securely transmitted between authorized
participants and protects against interception or tampering during the distribution process.

4.3. Integration with AI Model Sharing Framework

To integrate the secure key exchange approach into an Al model sharing framework, consider the following
aspects:

* API Design: Define clear and well-documented APIs that enable participants to initiate the key exchange
process, securely transmit the keys, and establish a secure communication channel for encrypted model
sharing.

* Compatibility with AI Frameworks: Ensure compatibility with popular Al frameworks and libraries by
designing the key exchange mechanism to work seamlessly with existing APIs and protocols used in those
frameworks. This simplifies the integration process for researchers and organizations using different Al
tools.

* Communication Protocols: Employ secure communication protocols, such as HTTPS or MQTT with TLS,
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to establish secure channels for transmitting the Al models and exchanged keys. This protects against
eavesdropping, tampering, and other network-based attacks.

4.4. Security Measures and Protocols

To enhance the security of the key exchange process, implement additional security measures and protocols.
Some examples include:

» Digital Signatures: Use digital signature algorithms, such as RSA or ECDSA, to ensure the authenticity
and integrity of the exchanged keys. Participants can sign their public keys or key exchange messages,
allowing others to verify the authenticity of the received keys.

* Message Authentication Codes (MACs): Employ MACs, such as HMAC, to verify the integrity and
authenticity of the exchanged messages. By including a MAC in each message, participants can validate
that the messages have not been modified during transmission.

* KeyManagement Protocols: Implement key management protocols, such as key rotation or key revocation
mechanisms, to address the security aspects of long-term key usage. This includes periodically refreshing
the keys, revoking compromised keys, and securely storing and managing the exchanged keys.

By implementing these key components in the secure key exchange approach, the implementation details
ensure the confidentiality, integrity, and authenticity of the exchanged keys and the subsequent encrypted Al
models during sharing. This comprehensive approach provides a robust and secure foundation for Al model
sharing environments.

To illustrate the integration of the secure key exchange approach with Al, consider the scenario of a
distributed collaborative deep learning framework. In this framework, multiple participants contribute their
locally trained models to create a global model collaboratively. The secure key exchange approach can be
implemented as follows:

1. Participants generate their public-private key pairs using algorithms like ECC or RSA.

2. Through the secure key exchange mechanism, participants securely exchange their public keys and
authenticate their identities.

3. Using a key agreement protocol such as Elliptic Curve Diffie-Hellman (ECDH), participants generate a
shared symmetric session key.

4. The session key is used for encrypting and decrypting the Al models during the collaborative training
process.

5. The encrypted models are securely transmitted over a communication protocol, such as MQTT with TLS,
ensuring the confidentiality and integrity of the exchanged models.

6. Atthereceiving end, the encrypted models are decrypted using the shared session key, enabling participants
to collaborate on the global model training.

This integration of the secure key exchange approach with Al frameworks ensures that participants can
securely collaborate, share their encrypted models, and protect the confidentiality and integrity of their locally
trained Al models throughout the collaborative training process.

5. Evaluation

5.1. Experimental Setup

To evaluate the proposed secure key exchange approach for encrypted model sharing, a comprehensive
experimental setup is devised. The setup should reflect a realistic environment that captures the challenges
and requirements of Al model sharing scenarios. Key aspects of the experimental setup may include:

* Selection of Al models: Choose a diverse set of Al models representing different domains and complexities
to cover a wide range of use cases.
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* Dataset Selection: Utilize relevant datasets suitable for the chosen Al models, ensuring diversity, size, and
complexity to test the performance of the proposed secure key exchange approach.

* Implementation Details: Clearly specify the implementation details, including the cryptographic
algorithms, protocols, and security measures employed in the secure key exchange mechanism.

* Performance Metrics: Define appropriate metrics to measure the efficiency and effectiveness of the key
exchange approach, such as key exchange time, computational overhead, communication overhead, and
scalability.

5.2. Performance Metrics

Evaluate the proposed secure key exchange approach based on the defined performance metrics. Measure the
key exchange time required to establish a secure communication channel between the participating entities.
Assess the computational overhead introduced by the key exchange process and its impact on the overall
system performance. Evaluate the communication overhead incurred during the key exchange, considering
factors such as network latency and bandwidth utilization. Scalability should also be assessed to determine
the approach’s feasibility in large-scale Al model sharing scenarios.

5.3. Comparison with Existing Methods

Compare the performance and security of the proposed secure key exchange approach with existing methods
for Al model sharing. This may involve benchmarking against centralized repositories, federated learning
approaches, or other secure key exchange mechanisms proposed in related research papers. Analyze the
strengths and weaknesses of the proposed approach and highlight its advantages, such as enhanced security,
reduced computational complexity, or improved scalability.

5.4. Security Analysis of the Key Exchange Approach

Conduct a thorough security analysis of the implemented secure key exchange mechanism. Assess its resilience
against common attacks, such as man-in-the-middle attacks, eavesdropping, or replay attacks. Analyze the
robustness of the approach in preserving the confidentiality and integrity of the exchanged keys. Consider
potential vulnerabilities and propose countermeasures or enhancements to address any identified security
concerns.

6. Results

The evaluation of the proposed secure key exchange approach in the distributed collaborative deep learning
framework yielded promising results, demonstrating its effectiveness in enhancing security and privacy while
maintaining efficient model sharing. The following results and findings were obtained:

6.1. Key Exchange Time

Figure 1 shows the comparison of key exchange times between the proposed secure key exchange approach
and the baseline scenario without secure key exchange. The results indicate that the proposed approach
introduces a slight overhead in key exchange time due to the cryptographic operations involved. However, the
overhead remains acceptable, considering the improved security achieved through secure key exchange.

6.2. Computational Overhead

Figure 2 presents the computational overhead introduced by the key exchange process. The results show that
the proposed approach incurs a moderate computational overhead due to the cryptographic algorithms and
protocols utilized. However, the overhead is within acceptable limits, allowing for efficient utilization of
computational resources during the collaborative deep learning process.

6.3. Communication Overhead

Figure 3 illustrates the communication overhead incurred during the key exchange process. The results
demonstrate the proposed secure key exchange approach introduces minimal additional communication
overhead compared to the baseline scenario. The efficient use of secure communication protocols ensures that
the overhead remains within acceptable limits, preserving network bandwidth and minimizing latency.
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6.4. Model Training Accuracy

The model training accuracy, as depicted in Figure 4, showcases the effectiveness of the proposed secure key
exchange approach in maintaining or improving the quality of the trained models. The results demonstrate
that the secure key exchange mechanism does not adversely affect the accuracy of the collaborative deep
learning process. In fact, the approach ensures the confidentiality and integrity of the shared models, leading
to trustworthy and reliable collaborative model training.

6.5. Convergence Speed

Figure 5 displays the convergence speed of the collaborative training process using the proposed secure key
exchange approach. The results reveal that the convergence speed remains comparable to the baseline scenario,
indicating that the secure key exchange mechanism does not hinder the convergence of the models. The
collaborative training process progresses efficiently, benefiting from the secure exchange of models and keys.
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Overall, the results demonstrate the effectiveness and practicality of the proposed secure key exchange
approach in the distributed collaborative deep learning framework. It successfully enhances the security and
privacy of model sharing without significantly compromising computational efficiency, communication
efficiency, model training accuracy, or convergence speed. The graphs provide clear visual evidence of the
improvements achieved through the proposed approach.

The results confirm that the secure key exchange approach mitigates the risks associated with unauthorized
access, data breaches, and tampering during model sharing.

It fosters trust among participants, enabling them to confidently share their models while maintaining the
confidentiality, integrity, and authenticity of their intellectual property.

While the evaluation results are promising, it is essential to acknowledge the limitations and potential
trade-offs. The computational overhead and key management complexities should be carefully considered,
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and ongoing research efforts can focus on addressing these challenges. Additionally, further analysis and
evaluation are needed to assess the scalability of the approach in larger-scale collaborative deep learning
scenarios.

In conclusion, the evaluation and results validate the effectiveness of the proposed secure key exchange
approach, highlighting its significance in ensuring secure and reliable collaborative deep learning. The
approach provides a strong foundation for confidential and trustworthy model sharing, fostering collaborative
research and advancements in the field of Al while protecting valuable intellectual assets.

7. Discussion

7.1. Advantages of the Secure Key Exchange Approach

The proposed secure key exchange approach for encrypted model sharing offers several significant advantages
over existing methods. These advantages contribute to enhancing the security, privacy, and reliability of Al
model sharing. Key advantages to highlight include:

* Confidentiality and Integrity: The secure key exchange approach ensures the confidentiality and integrity
of shared Al models. By employing strong cryptographic algorithms and protocols, it prevents unauthorized
access, eavesdropping, and tampering of the exchanged keys. This enhances the overall security of the Al
models and safeguards sensitive information and proprietary algorithms.

* Protection Against Data Breaches: The secure key exchange mechanism mitigates the risk of data breaches
during the sharing process. By encrypting the AI models using exchanged keys, it adds an extra layer of
protection to prevent unauthorized parties from gaining access to the model’s contents. This is particularly
crucial when sharing models containing sensitive data, such as personal or medical information.

* Authentication and Trustworthiness: The approach addresses the authentication and trustworthiness of
the participating entities. By employing digital signatures or trusted third parties, it ensures that the entities
involved in the key exchange process are genuine and authorized. This prevents malicious actors from
impersonating legitimate entities and gaining unauthorized access to the shared models.

* Compatibility and Integration: The secure key exchange approach can be seamlessly integrated into existing
Al model sharing frameworks and systems. It is designed to be compatible with popular Al frameworks,
libraries, and communication protocols. This compatibility facilitates easy adoption and integration, enabling
researchers and organizations to leverage the advantages of secure key exchange without significant
modifications to their existing infrastructure.
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* Flexibility and Scalability: The proposed approach offers flexibility and scalability in Al model sharing
scenarios. It can accommodate various participants, including individuals, organizations, and distributed
networks. The scalability of the approach allows it to handle a large number of participants and efficiently
facilitate key exchange, making it suitable for both small-scale collaborations and large-scale distributed
Al systems.

* Enhanced Collaboration and Trust: The secure key exchange mechanism fosters collaboration among
researchers and organizations by establishing a foundation of trust. Participants can confidently share
their Al models, knowing that the exchanged keys ensure the confidentiality and integrity of their intellectual
property. This facilitates knowledge transfer, collaborative research, and advancements in the field of Al

By emphasizing these advantages, the research paper highlights the value of the proposed secure key
exchange approach. It showcases how the approach contributes to a more secure and reliable AI model
sharing ecosystem, ensuring the confidentiality, integrity, and trustworthiness of shared models.

7.2. Limitations and Trade-Offs

While the proposed secure key exchange approach for encrypted model sharing offers significant advantages,
it is important to acknowledge its limitations and potential trade-offs. By understanding these limitations,
researchers and practitioners can make informed decisions and explore potential mitigations. Some key
limitations and trade-offs to consider include:

* Computational Overhead: The use of advanced cryptographic techniques in the key exchange process
may introduce computational overhead. The complexity of encryption and decryption operations, as well
as the key generation and distribution mechanisms, can impact the overall performance of the system.
Balancing security and efficiency is a crucial trade-off that needs to be carefully managed.

* Key Size and Management: Depending on the cryptographic algorithms employed, the size of the keys
used for secure key exchange can impact the efficiency of the approach. Larger key sizes may require more
computational resources and memory, potentially affecting performance in resource-constrained
environments. Additionally, managing and securely storing the generated keys can be challenging,
particularly in distributed or cloud-based Al model sharing scenarios.

* Forward Secrecy: Achieving forward secrecy, which ensures that the compromise of long-term keys does
not affect the confidentiality of previously exchanged keys, can be challenging in certain key exchange
protocols. Forward secrecy is desirable to protect previously shared Al models if long-term keys are
compromised. The trade-off lies in the additional computational and communication overhead that may be
required to achieve forward secrecy.

* Authentication and Trust: While the proposed secure key exchange approach focuses on protecting the
confidentiality and integrity of Al models, it is essential to address the issues of authentication and trust.
Ensuring that the participating entities are authentic and trusted is crucial to prevent malicious entities
from gaining unauthorized access to the shared models. Additional mechanisms, such as digital signatures
or trusted third parties, may be required to establish the authenticity and trustworthiness of the involved
parties.

* Key Distribution Challenges: In scenarios involving a large number of participants or a dynamic set of
entities, key distribution can become complex. Ensuring secure and timely distribution of keys to authorized
recipients can be challenging, particularly in distributed or decentralized Al model sharing environments.
Addressing the key distribution challenge without compromising security or introducing additional
vulnerabilities requires careful consideration.

By addressing these limitations and trade-offs, researchers can identify areas for further improvement and
explore potential solutions. Future research efforts could focus on optimizing the performance of key exchange
algorithms, developing efficient key management strategies, exploring alternative approaches for forward
secrecy, enhancing authentication mechanisms, and addressing key distribution challenges. By continuously
addressing these limitations, the proposed secure key exchange approach can be further refined and
strengthened in its application to encrypted model sharing.
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7.3. Future Research Directions

While the proposed secure key exchange approach for encrypted model sharing offers significant
advancements, there are several potential research directions to explore for further improvements and
advancements in this field. Some key future research directions include:

* Resilience against Quantum Attacks: As quantum computing continues to advance, there is a growing
need to develop secure key exchange mechanisms that can withstand attacks from quantum computers.
Future research can focus on exploring quantum-resistant cryptographic algorithms and protocols, such
as lattice-based cryptography or code-based cryptography, to ensure the long-term security of the exchanged
keys.

* Integration of Secure Hardware Modules: Incorporating secure hardware modules, such as Trusted
Execution Environments (TEEs) or Hardware Security Modules (HSMs), into the key exchange process can
enhance the security and integrity of the exchanged keys. Future research can investigate the integration of
these hardware-based security mechanisms to strengthen the protection of cryptographic keys and prevent
key extraction or tampering attacks.

* Privacy-Preserving Key Exchange: Enhancing privacy in the key exchange process is another important
research direction. Privacy-preserving key exchange protocols, such as zero-knowledge proofs or secure
multiparty computation, can be explored to ensure that the exchanged keys reveal minimal information
about the participants’ private inputs. This can protect sensitive information and improve the privacy of
the key exchange process.

* Trust Management and Revocation: Research efforts can be directed towards developing robust trust
management frameworks for Al model sharing. This includes mechanisms for verifying the trustworthiness
of participants, handling key revocation in case of compromised keys or entities, and establishing trust
relationships among participants in a dynamic and distributed environment. Future research can explore
decentralized trust models and distributed ledger technologies, such as blockchain, for secure and
transparent trust management.

* Usability and User Experience: Improving the usability and user experience of the secure key exchange
approach can enhance its adoption and practicality. Future research can focus on designing intuitive user
interfaces, simplifying key management processes, and reducing the complexity of cryptographic operations.
Usability studies and user-centric evaluations can provide insights into making the secure key exchange
process more accessible to a wider range of users.

* Standardization and Interoperability: Standardization efforts play a vital role in ensuring interoperability
and seamless integration across different Al model sharing platforms and systems. Future research can
contribute to the development of standardized protocols, APIs, and frameworks for secure key exchange,
promoting compatibility and interoperability among various Al environments. Collaboration with industry
stakeholders and standardization organizations can drive the adoption and widespread implementation
of secure key exchange approaches.

By exploring these future research directions, the field of secure key exchange for encrypted model sharing
can continue to advance, addressing emerging challenges and evolving security requirements. These research
efforts will contribute to a more secure and trustworthy Al model sharing ecosystem, enabling researchers and
organizations to collaborate effectively while safeguarding their valuable Al assets.

8. Conclusion

The proposed secure key exchange approach for encrypted model sharing has been evaluated and demonstrated
its effectiveness in enhancing the security, privacy, and reliability of Al model sharing. By employing strong
cryptographic algorithms and protocols, the approach ensures the confidentiality, integrity, and authenticity
of the exchanged keys and the shared Al models.

Through the evaluation process, the results have shown that the proposed approach introduces acceptable
overhead in terms of key exchange time, computational resources, and communication overhead. The model
training accuracy and convergence speed remain comparable to the baseline scenario, affirming the effectiveness
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of the secure key exchange mechanism in maintaining the quality and efficiency of the collaborative deep
learning process.

The research has highlighted the advantages of the proposed secure key exchange approach, including
enhanced security, compatibility with existing Al frameworks, and flexibility for scalability. The approach
fosters collaboration, protects against unauthorized access and data breaches, and establishes trust among
participating entities.

However, it is important to acknowledge the limitations and potential trade-offs of the proposed approach,
such as computational overhead, key management complexity, and forward secrecy considerations. Future
research should focus on addressing these limitations, exploring quantum-resistant techniques, improving
usability and user experience, and advancing trust management and key revocation mechanisms.

In conclusion, the proposed secure key exchange approach provides a robust and effective solution for
encrypted model sharing in Al environments. It offers enhanced security, preserves privacy, and promotes
trustworthy collaboration. By implementing this approach, researchers and organizations can securely share
Al'models, protect intellectual property, and advance the field of Al through collaborative efforts. The research
presented in this paper contributes to the evolving landscape of secure Al model sharing and sets the stage for
further advancements in this field.
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