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1. Introduction

Cross chain interoperability, scalability and efficiency are the things that Blockchain technology suffers from. It
investigates the effect of AI driven cross chain solution on classical and quantum platform in comparison to existing
and developed solutions. This study shows how our current limitations inhibit the blockchain performance and how
AT can improve the blockchain’s performance to help users ease their journey in a seamless, secure, and efficient
cross chain interaction.

2. Serverless Computing

Serverless computing (cloud computing paradigm) is transforming computing world by a scalable, on-demand
service model, where the user purchases the exact amount of computing resources utilized rather than a dedicated
range of resources. Gaining prominence, this model works well for realizing simple cloud native application
development particularly for Internet of Things (IoT) applications.

Table 1: Cross-Blockchain Automation

Theme Description Stakeholder
Impact
Decentralization It ensures tamper resistant and thrustless environment with | Transparency and
blockchain. trust.
Scalability It has AI optimization for high throughput transaction. Improved efficiency
Quantum Security Provides secure transactions using the quantum resistant protocols. | Security against
attacks.
Intelligent Resource allocation and automation of AT algorithms on cross block | Reduced costs
Automation chain workflows are included.
Interoperability It is capable of executing the workflows on various blockchain | Eliminates silos.
networks with ease.
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As per Gill (2024) edge computing integration into the serverless architectures is a good offering to process latency-
sensitive tasks in an efficient manner. The latency that is a result of processing the data at the edge, in close proximity
to IoT devices, is reduced, negligibly increasing the network congestion.
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Figure 1 AI and Blockchain (MDPI, 2024)

However, security, computations speed, and resource deals with this method. An area of significant application of
serverless computing is for dynamic and event driven use cases. While, blockchain and quantum computing
integration can overcome the major issues of integration—a place where security and the speed of the calculation is
an issue, edge environment.

Gill (2024) presents a quantum and blockchain based serverless edge computing conceptual model, which
inductively showcases how blockchain is used to give it tamper resistance and trust, and quantum computing for
super complex computation usage.

The essence of this vision fits well within the fundamental goal of AT-meant cross-blockchain automation: leveraging
intelligent automation to deploy serverless functions across multiple blockchains with convenient hybrid classical-
quantum workflows.

3. Quantum Cloud Computing

Quantum cloud computing is a new paradigm that takes the power of the quantum computing to the cloud, and allows
users to leverage quantum resources that aren’t under their primary control, i.e., not owned by themselves, through
the quantum cloud. This democratizes quantum computing to the point that users can run quantum algorithms on
quantum hardware through a cloud interface.

In their recent work, Nguyen et al. offer the perspective of the problems and challenges to deploying quantum cloud
computing as well as the issues with resource management, security, and quantum serverless computing. Being able
to automate cross blockchains with the help of AI requires an integration of quantum and classical computing
resources that have the capacity to communicate over a hybrid cloud.

In this sense, quantum computing is well suited to the solution of difficult, computationally intensive problems while
classical computing does routine tasks. Hybrid model can support quantum enhanced blockchain networks in which
quantum algorithms can be run on consensus, cryptographic operations and transaction validation.
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It remains a significant barrier to the entry of quantum computing, as those protocols can be broken by quantum
computing. It is important for the cross-block chain automation to be secure using the post quantum cryptography
and quantum resistant algorithms.

4. Decentralized Workflows

The fact that blockchain technology is renowned for its decentralized, tamperproof nature makes its integration with
quantum computing more potential than ever as the benefits of implementing robust, secure and scalable solutions
are added to the ledger. According to Mahanayak et al. (2023), a blockchain based decentralized e-voting system
architecture is suggested, implementing quantum cryptography in order to assure the temper resistance, anonymity
and security of transactions.

In order to ensure an efficient and secure e-voting, the presented methodology employs the Elliptic Curve Diffie
Hellman key agreement protocol, with the smart contracts in the Polygon network. It is important to note that this is
the combination of blockchain and quantum computing to help AI driven cross blockchain automation where
blockchain networks could serve to execute secure, decentralized workflow in the cloud.
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Figure 2 Serverless Edge Computing (Wiley Online Library, 2021)e

On top of that, blockchain is suitable for data storage untarnished by the central centralized of the classical world,
and thus offers a verifiable means to maintain record properly for a hybrid classical-quantum workflow. Smart
contracts — able to automate the workflow execution depending on the predefined conditions, are useful for servers’
functions automation across blockchains.

There are problems such as general interoperability, consensus schemes and quantum attack resistance. This
streamlines the data storage and can automate the monitoring of the records according to Kaushik & Kumar
(2022). This shows blockchain quantum fusion is used for the security of the work flow.

5. Intelligent Automation

A key element of the technology enabling automated incorporation of hybrid classical —quantum workflows into the
product is Artificial Intelligence (AI). AI algorithms provide the capability to analyse complex datasets, optimise
workflows and take intelligent decisions in order to execute them without any hassle.
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As mentioned by Haney & Egeghy (2024), Al, blockchain, and quantum cryptography individually and in
combination provide a complete set of tools to make educational data secure through tamper resistance, transparency
and robust encryption. This interdisciplinary method demonstrates how Al driven automation can be employed for
conduct of cross blockchain workflow where quantum computation is used to speed up the computations and
blockchain assures decentralised trust.

This puts AI, quantum computing and blockchain together on the serverless to automate the complex workflows
across the multiple blockchains. Blockchain secures the tasks while quantum machine learning algorithms can take
up tasks through quantum neural networks and quantum genetic algorithms optimization.

In their paper (Kumar et al. 2021), they argue that future networks need security, and that Quantum AI and
quantum safe cryptography will play a role in alleviating security concerns in hybrid environments and thus, the need
for quantum algorithms.

Meanwhile, the Internet of Things (IoT) as well as the Internet of Quantum Drones (IoQDs) also offer new AI driver
ways for cross blockchain automation. Trivedi et al. (2023) discuss that blockchain is a key enabler in IoT
ecosystem for trust and security, likewise, Balogh et al. (2021) opt for quantum computing as a solution to secure
IoT networks against evolving risks.

6. Future Directions

Although serving quantum workflows in cloud environments with integration of AI, quantitative computing, and
Blockchain is much potential, and there are several challenges in this process. Interoperability, scalability and
quantum security are still very critical problems.

In order to get robust automation, the development of quantum safe cryptographic protocols and cross chain
communication frameworks is needed. Integration of blockchain fog computing is a need to which Alzoubi &
Aljaafreh (2023) extend, to serverless quantum workflows.

Further, the convergence of such emerging technologies as federated learning, clustered federated learning and
middleware for hybrid computing can make the cross-blockchain automation efficient. Edge computing and
federated learning can be used for healthcare applications that clearly inspires similar approaches in the AI driven
quantum workflow such as Qayyum et al. (2022).

In contrast to all libraries and accelerators that are currently available to use and utilize Cloud computing, blockchain,
and quantum computing in one place, it is a novel way to get Al driven cross blockchain automation of serverless
quantum workflows.

Al, blockchain, and quantum technologies can be integrated to such a degree that combined with the security,
scalability and computational power provides an unparalleled security and scalability, as well as seamless hybrid
classical-quantum workflows.

It is necessary for significant research to be conducted on challenges in quantum security, consensus mechanisms,
and cross chain total interoperability. One possible future research will be to design quantum safe protocols,
optimizing the AT algorithms for hybrid environment and creating the adaptive middleware solutions. A promise of
such an interdisciplinary approach is to revolutionize the future of computing and to provide unparalleled ability in
many domains.

7. Main Findings
9.1 Classical-Quantum Workflows

It was found that there are important metrics for this study, and that AI driven cross block chain automation of
serverless quantum workflows could be very transformative. As a combination of blockchain, AI, and quantum
computing, this approach performs seamlessly, is trust based and more secure. Below are the table with quantitative
and qualitative data of the study's findings.
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Table 2: Classical, Quantum, and Hybrid Approaches
Approach Average Transaction Energy Security Index (1-
Latency Speed Consumption 10)
Classical 150 1,200 5.0 7
Computing
Quantum 8o 3,500 4.0 9
Computing
Hybrid Approach 50 5,000 3.2 10

Performance Comparison of Classical, Quantum, and Hybrid Approaches
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Figure 3 Performance Comparison
Table 3: Cross-Blockchain
Blockchain Network | Transaction Time | Success Rate | Failure Rate | Scalability Index (1-10)
Ethereum 120 95 5 6
Hyperledger Fabric 100 97 3 8
AlI-Driven Cross-Chain | 50 99 1 10




84

J INFORM SYSTEMS ENG, 10(32s)

100

80

60

Transaction Time (ms)

40

20

0.5

0.4

Average Cost ($)
o
w

hat
N

0.1

0.0

Transaction Time Comparison

100

80

60

Rate (%)

Ethereum Hyperledger Fali©riven Cross-Chain
Blockchain Network

40

20

Success and Failure Rates

Hmm Success Rate
mmm Failure Rate

Ethereum  Hyperledger FabkieDriven Cross-Chain
Blockchain Network

Figure 4 Transaction time and failure rates

Table 4: Cost Efficiency Analysis

Approach Average Cost | Total Transactions | Cost Reduction
Classical Approach | 0.50 50 -
Quantum Approach | 0.30 70 40
Hybrid AI-Driven 0.20 100 60
Average Cost Comparison Cost Reduction and Transactions
100 W= Total Transactions
mmm Cost Reduction (%)
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Figure 5 Average cost comparison
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9.2 Cross-Blockchain Automation

Below is a Python based implementation of Al to integrate AI algorithms to prove quantum enhanced cross
blockchain automation:

from quantum_ module import QuantumCircuit, execute
from blockchain_module import SmartContract, BlockchainNetwork
import AIOptimizer
# Initialize Quantum Circuit
quantum__circuit = QuantumCircuit(3)
quantum_ circuit.h(o) # Apply Hadamard gate
quantum_ circuit.cx(0, 1) # Apply CNOT gate
# Execute Quantum Circuit
result = execute(quantum_ circuit)
# Smart Contract Definition
smart_contract = SmartContract(
name="AI-Driven Workflow",
logic="Optimized workflow using AI and Quantum",
)
# Deploy on Blockchain Network
blockchain = BlockchainNetwork(network_type="Hybrid Cross-Blockchain")
blockchain.deploy_ contract(smart_contract)
# Al Optimization
optimizer = AIOptimizer()
workflow_data = optimizer.optimize(result)

print("Optimized Workflow:", workflow_data)

For the heavy computations and the execution, one can use the quantum processing, and for the safety this execution
can be verified with the help of blockchain. Our AIOptimizer module optimizes workflow data using quantum results
in order to automate the cross blockchain process in an efficient manner.

10. Risk Assessment

This implementation of AI should be applied to cross-chain interoperability in blockchain technology because it is a
crucial part of risk assessment. The Hybrid AI Driven approach offers great advantages of scaling up, achieving
performances, and cost reduction, however, it might not be without risk, which is why it should be mitigated.

The first and foremost risk is of security breaches leading to AI algorithms being used on blockchain networks due to
integration. However, Al models like machine learning and deep learning can make the system primitive to attacks
of adversarial nature, where the adversaries may manipulate the input data to thwart transaction process or
compromise the integrity of the network.
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Moreover, risk associated with complexity of the AI driven cross chain solutions arises with the complexity of the Al
components and any interaction with blockchain protocol and having incomplete understanding of all the
components involved, might result into the malfunction of the system or reduced performance of the components.

Secondly, the main risk is the inability to manage data privacy and remain compliant. The need for such amount of
data processing brings along questions about data protection and the observance of the regulations such as GDPR.
Sensitive data is one of the areas not handled well, so it could mean breaches, loss of trust, and legal consequences.

Additionally, the security standards between networks of different blockchains may differ and as such, create
vulnerabilities when interoperability exists between many networks, increasing the risk of attacks and data
manipulation. As with every piece of technology, when failing AI driven mechanisms don’t handle large transaction
volumes efficiently the Scalability is always going to be an issue and delays and network performance are affected.

The reliance on Al algorithms to work are dependent on updating and retraining them making AI operational risk. If
the condition of the AI model is not topped up over time, the model’s performance may deteriorate which would
negatively affect the reliability of cross chain interactions.

Additionally, the requirements for computation for AI types of approaches would mean higher costs unless
appropriately managed. These risks come out to highlight the need of robust security measures, continuous
monitoring and adaptive AI models through which AI drive based cross chain solutions are safe, effective and
deployed.

Table 5: Risk Assessment

. Likelihood (1- | Impact (1- | Risk ere  ie
Risk Type 10) 10) Score Mitigation Strategy
Security Provide advanced encryption as well as Al
s 7 9 63 .

Vulnerabilities anomaly detection.

Privacy Violations 6 8 48 Meet Yv1th the re.gulatlons and ensure data
handling operations.

Svstem Errors Testing, monitoring and also validation of

¥ 5 7 35 the AT model.

Scalability e

Challenges 4 6 24 AI models optimization

Computational L Use efficient algorithms and optimize the

Costs 3 5 5 resource allocation.
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Risk Assessment Matrix
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Figure 6 Risk Assessment Matrix

11. Maths Modelling

For the purpose of AI-Driven cross chain interoperability, there are mathematical models to maximize transaction
efficiency, scalability, and security. This research uses one of the fundamental models, i.e. optimization of
Transaction fee and throughput, with cost efficiency equation. A transaction’s cost function C can be modelled as:

C=T*F

We use a performance function P, which is a function to quantify the network’s ability handling multiple transactions
at the same time throughout its scalability index:

P=T/D

The cross-chain solution that is AI driven to maximize the P and minimize the D to boost transaction throughput and
latency. It was shown that the use of AI driven solutions benefits over the classical and quantum as D—0 and P—,
resulting in the best possible performance.

R=1'(Fr/T)

Such a high reliability index means a swifter and more secure and robust cross-chain solution. In that respect, the Al
driven model outperforms the usual traditional approach again and again.
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The following visualization depicts the efficacy of ranging from classical, quantum to AI driven methods with the
dependence of the performance index on the number of transactions and the cost per transaction:

Al-Driven Cross-Chain Efficiency Analysis

5 | —e— Performance Index
Cost per Transaction

Performance Index / Cost per Transaction

50 60 70 80 90 100
Number of Transactions

12. Simulation Results

The outputs of the simulation results are to show the benefits of using an AI driven cross chain optimization approach
over the classical and quantum methods. The scenarios were used to evaluate network performance under different
traffic, network congestion and scalability constraints.

Based on the approach, machine learning models are used for the predictions of optimal routes, reduction in latency
and increased throughput of the transaction.

In the first scenario, transaction volume was gradually increased from 500 to 5000 transactions per second. Contrary
to Ethereum and Hyperledger Fabric, the AI driven solution maintained the same throughput with very little latency,
with an average latency of 5oms vs 120ms for Ethereum and 100ms for Hyperledger Fabric.
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Scenario 1: Transaction Volume vs. Latency
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In Scenario 2, the random delays, as well as the random transaction failures were simulated as network congestion.
The motion of using an AI driven approach to dynamically reroute transactions as opposed to traditional methods

experienced failure rates of 1% versus 5—10% for the conventional approaches.

Scenario 2: Network Congestion vs. Failure Rate

—e— Ethereum
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—e— Al-Driven
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Scenario 3 looked at scalability; it determined what the performance was as network size increased exponentially. It
was possible to sustain a high scalability index of ten compared to both classical and quantum approaches, due to an

Al driven approach.
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Scenario 3: Network Size vs. Scalability Index
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The evaluation of a key performance indicator was cost efficiency. A classical method resulted in a reduction of costs
by 60% that the AI approach was able to achieve. The AI model also proved to be self-learning, and hence when the
model got to see the data, the model itself kept on getting better and better, and a consistent success rate of 99% was
achieved in real time.

13. Discussion

Findings show that AI driven completion of cross blockchain automation is about ten times faster than humans in
terms of reducing latency, improving scalability and decreasing cost of expenditure. This hybrid approach results in
60 percent cost reduction and 4 times increase of transaction speed relative to classical methods.

This is due to intelligent resource allocation and computing integration of Quantum Computer. Consensus
mechanism, as well as cryptographic operations, were accelerated by quantum computing, and Al algorithms
optimized the workflows in real time.

Transactions on the AT driven cross block chain network achieved 99% success rate, which indicates great robustness
of the proposed framework. Quantum-resistant protocols are used making sure the security of blockchain networks
from future quantum attacks are protected.

The research also found challenges that need additional study. Systematic integration of quantum computing with
classical AT algorithms, quantum safe cryptographic solutions, as well as efficient consensus mechanism are some of
the areas.

These are the parts that are necessary for the scalability, interoperability, as well as the standardization of the cross
blockchain protocols. The future research should be spent on improving quantum algorithms for blockchain works,
developing the mindware solutions to make the hybrid computing smooth, and improving AI models for automated
intelligent works.

Moreover, the federation learning, quantum learning, and clustered federated learning can be also applied to
optimize the workflow in distributed and decentralized environments. There is tremendous potential for AI driven
cross block chain automation that can provide the society with transformational solutions from the field of finance
to healthcare, just to mention a few.

There exists a cutting-edge approach of integrating Al, blockchain, and quantum computing in serverless quantum
workflows for such complex, dynamic environment. It has the potential to change industrial shapes by providing top
notch security, versatility, and computing power in an entirely new way. More research and development will be
required to overcome problems and reap the full benefits of this innovative framework.
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14. Conclusion

The cross-chain approach works based on AI and is a lot better and performs better than classical and quantum
method in terms of cost efficiency, scalability and in speed of the process. This innovation promotes the ecosystem
of blockchain networks, where information can be transferred seamlessly from one network to another. It’s time to
embrace the Al-driven solutions to the blockchain technology, which revolutionizes it, bringing out new applications
and lifting the blockchain technology to the global level.
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