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1. Introduction

This paper explores the issues and solutions of multi-chain data sharing, particularly on the scalability
and efficiency problems in the traditional approaches. The main question that this study seeks to
answer is how to enhance these two aspects in blockchain networks. To achieve this, five sub-
guestions are answered: What are the limitations of the existing multi-chain data sharing models?
How does the GAM framework improve scalability? In what ways does GAM enhance efficiency?
What is the effect of on-chain authorization and off-chain storage in GAM? How does GAM perform
in real-world application? The research adopts qualitative methodology and is designed in a way that
moves sequentially from literature review to methodology, results, and conclusion.

This research involves an investigation into the problems associated with multi-chain data sharing,
particularly the problems of scalability and efficiency issues that usually arise in standard methods.
At the core of this study lies a major question: how can we advance these essential elements in
blockchain networks? As a way of systematizing this general question, five specific sub-questions
guide the study: First, what are the inherent limitations to the currently used multi-chain data sharing
models? What is the contribution of this innovative framework, GAM, to enhanced scalability? The
research also aims to know in what specific ways does GAM improve operational efficiency. The
research also takes into account the impact of on-chain authorization and off-chain storage within
the GAM framework. Lastly, the study evaluates the performance of GAM in real-world
applications. Using a qualitative research approach, the research is carefully designed to advance
with a thorough literature review, followed by the methodology used, the findings from the study,
and a concluding analysis summarizing the understanding of insights.
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2. Literature Review

This section critically reviews studies already available on multi-chain data sharing based on the sub-
questions: what are the shortcomings of current models, enhancements for scalability, improvements
for efficiency, impact of on-chain and off-chain processes, and performance of the system in real
applications. It focuses on the identified facts: "Limitations in Current Multi-Chain Data Sharing
Models," "Scalability through Group Authorization," "Efficiency via On-Chain Authorization and
Off-Chain Storage," "Impact of Hybrid Storage Solutions," and "Real-World Application of Multi-
Chain Frameworks." There is still much progress in terms of scalability, efficiency, and the
applicability of the performance, which this paper attempts to bridge.

This section will provide a critical evaluation of the current state of the literature regarding multi-
chain data sharing, framed in the context of several sub-questions. These include limitations
associated with current models, opportunities for scalability enhancements, potential efficiency
improvements, effects on both on-chain and off-chain processes, and performance of applications in
the real world. In this paper, certain specific findings have been highlighted: "Limitations in Current
Multi-Chain Data Sharing Models," "Scalability Achieved through Group Authorization,"
"Efficiency Improvements through On-Chain Authorization Coupled with Off-Chain Storage," "The
Effects of Hybrid Storage Solutions,” and "The Real-World Application of Multi-Chain
Frameworks." Though a great deal of advancement has been made in this regard, there are still
enormous gaps in scalability, efficiency, and the performance of real-world applications, which this
paper aims to address systematically.

2.1 Limitations in Current Multi-Chain Data Sharing Models

Early works focused more on direct blockchain-to-blockchain connection, which led to significant
scalability problems. Initial findings pointed out inefficiencies while increasing blockchain links.
Some later works proposed intermediary-based solutions but did not address the essential scalability
issues. Recent works proposed high-level protocols but suffered with low efficiency in large scale.

2.2 Scalability by Group Authorization

The initial scalability solutions were direct connections, but these were not scalable to handle a large
number of chains. Subsequent research proposed intermediary frameworks that improved scalability
but added complexity. The latest solutions suggest group-based approaches that reduce the number
of direct connections and improve scalability but require strong authorization mechanisms.

2.3 Scalability through On-Chain Authorization and Off-Chain Storage
The early methods combined on-chain data sharing with direct connections, leading to inefficiency.
The later studies were focused on decentralized approaches and partially succeeded. Recent

frameworks suggest hybrid solutions that balance on-chain and off-chain processes to optimize
efficiency but need further refinement.

2.4 Hybrid Storage Solutions Impact

Initial research into hybrid storage indicated potential efficiency gains but lacked practical
application. Further studies improved upon these concepts, enhancing data retrieval times. Recent
developments have shown substantial improvements in efficiency but require sophisticated
synchronization mechanisms to achieve optimal performance.

2.5 Application of Multi-Chain Frameworks in Real Life

Early applications of multi-chain frameworks were narrowly and less scalable. Subsequent
applications extended the scope of usage but pointed out performance bottlenecks. Recent research
applications successfully expanded the adoption while also improving throughput and minimizing
delay, but encountered issues related to consistency in various environments.
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3. Method

This research used a qualitative approach to explore the impact of the GAM framework on multi-
chain data sharing. Data collection was through the analysis of blockchain interactions and user
experiences within the GAM framework. Sources were blockchain transaction logs and user
feedback. The data analysis used thematic analysis to find patterns and insights into scalability and
efficiency improvements. This method provided a comprehensive understanding of GAM's
performance and its practical implications for multi-chain data sharing.

The applied methodology was that of qualitative research, suited especially for the study of effects
which a GAM framework would have in the sharing of data within multiple blockchain networks. A
detailed analysis of blockchain interaction and an investigation of users' experiences within the
confines of a GAM framework was undertaken, utilizing such sources of information as elaborated
blockchain transaction logs besides valuable user feedback. For analytical purposes, thematic
analysis was performed to identify key trends and insights in terms of scalability and efficiency
improvements that arose. This ensured a deeper understanding of GAM's performance and clarified
the practical implications that would be obtained in terms of data being shared across several
blockchain chains.

4. Findings

Qualitative data and thematic analysis were used in this paper to reflect on the efficacy of GAM in
multi-chain data sharing. The results investigate the sub-questions: current model limitations,
scalability with GAM, efficiency enhancements, hybrid storage effects, and real-world performance.
The key findings are "Addressing Scalability Limitations,” "Enhanced Scalability via Virtual
Groups,” "Improved Efficiency through On-Chain and Off-Chain Processes,” "Optimized Data
Sharing with Hybrid Storage," and "Effective Real-World Application of GAM." These results show
that GAM improves scalability and efficiency by using group authorization and hybrid storage. This
research addresses the existing gaps in previous studies and enhances multi-chain data sharing.

4.1 Addressing Scalability Limitations

The study shows that GAM overcomes the scalability constraints by reducing the number of direct
blockchain connections. Interviews and transaction log analysis show that virtual group formation
minimizes network congestion, thus allowing scalable data sharing. This finding shows how GAM
is superior to traditional models in managing large-scale blockchain networks.

4.2 Scalability through Virtual Groups

Analysis reveals that virtual groups within GAM decentralize data sharing processes thus improving
scalability. User feedback shows efficient data exchange across chains without direct links, reducing
bottlenecks and improving throughput. This approach solves the problem of scalability that was
pointed out in earlier frameworks, which shows the advantage of group-based authorization.

4.3 Efficiency through on-chain and off-chain processes

The research establishes that on-chain authorization and off-chain storage will maximize efficiency
in GAM. Data analysis points to a reduction in transaction time and an increase in throughput as
assured secure on-chain authorization and efficient data transfer through off-chain storage. This
hybrid approach solves efficiency problems established in previous research.
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4.4 Maximizing Efficiency in Data Sharing with Hybrid Storage

Findings illustrate that GAM's hybrid storage model enhances data sharing efficiency. Observations
and user feedback confirm faster data retrieval and reduced latency, with off-chain storage supporting
high-frequency transactions. This model resolves inefficiencies seen in earlier frameworks,
demonstrating practical advantages in real-world applications.

4.5 Effective Real-World Application of GAM

Experimental results and user trials validate GAM's effectiveness in real-world scenarios. Analysis
of implementation data shows high transaction throughput and minimal delays, confirming GAM's
practical viability. This finding underscores the framework's potential for widespread adoption,
addressing limitations of previous multi-chain approaches.

5. Conclusion

This research elucidates the GAM framework’s role in advancing multi-chain data sharing by
addressing scalability and efficiency challenges. The enhancement in data sharing capabilities and
providing the practical solutions for real-world applications due to the utilization of group
authorization and hybrid storage leads to the GAM system's superiority over traditional models in
terms of scalability and efficiency. However, this has the downside of requiring more diverse testing
of a wide range of blockchain environments to ensure robustness, and future research will address
integrating GAM with the novel blockchain technologies and widening applicability. This work
contributes to blockchain innovation by providing theoretical insights and practical solutions for
efficient multi-chain data sharing.

This research exhaustively explains the critical role of the GAM framework in the development of
multi-chain data sharing through effective challenges on scalability and efficiency. The strategic use
of group authorization combined with hybrid storage solutions greatly improves data sharing
capabilities, thereby offering practical and applicable solutions for real-world applications. This
study definitely shows the superiority of GAM compared to the traditional ones, displaying very
promising and significant benefits in scalability and efficiency terms. But, at this point, there are
restrictions to note, such as the requirement for furthermore general testing in various kinds of
multiple different blockchain environments for robustness of the proposed framework. Future work
should include the integration of GAM with future blockchain innovations and the expansion of its
applicability to various domains. This work contributes to the domain of blockchain innovation in
terms of providing theoretical insights into the domain as well as practical solutions for efficiently
sharing data across multiple chains.
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