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Blockchain technology has transformed multiple industries through
decentralized and secure data management. Despite these advantages,
scalability remains a major challenge as networks grow in size and complexity.
This study explores the integration of TensorFlow with Node2Vec embeddings
to optimize consensus mechanisms and improve blockchain scalability. Using
the Hyperledger Fabric framework, experiments were conducted to evaluate
system performance across key metrics, including block size, timeout, arrival
rate, and probability of timeout. The analysis identified significant variability
and patterns relevant for machine learning—based modeling. Results
demonstrate that the proposed model, incorporating embeddings and Principal
Component Analysis (PCA) for feature reduction and visualization,
outperforms traditional Linear Regression, achieving a lower Mean Squared
Error (MSE) of 0.0341 compared to 0.0658. These findings highlight the
potential of Al-driven techniques to address scalability limitations in blockchain
networks. The study contributes to advancing blockchain analytics by
demonstrating how the integration of machine learning models with graph
embeddings can enhance network efficiency and scalability, thereby bridging
the gap between theoretical approaches and practical innovation in
decentralized systems.

© 2025 The authors published by JCIS. This is an Open Access Article
under the Creative Common Attribution Non-Commercial 4.0

1. Introduction

As a part of the digital ecosystem, blockchain technologies have rapidly evolved to incorporate various
principles of decentralization, data security, and data integrity. Blockchain's capability to conduct trustless
transactions using distributed ledgers has applications that impact virtually all aspects of society with the most
potential in finance, healthcare, supply chain, and identity verification. Overall, blockchain technologies are
promising regarding trustless transparency, immutability, and lack of centralized authority. At the same time, and as
an extension of this promise, as a blockchain develops in terms of users, transactions, and applications, it is going
to encounter an unprecedented and ongoing issue, namely, scalability. The ability for a blockchain ecosystem to
process significant transactions and reproducibility (often referred to as finality) with more significant loads is the
choke point for widespread adoption of blockchains with enterprise solutions. The issue is particularly relevant to
permissioned blockchains where consensus protocols, such as practical Byzantine fault tolerance (PBFT), for
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example, are designed to work efficiently under known trusted conditions but do not offer the same or improved
performance as the number of nodes scales beyond those parameters. [1]

Consensus mechanisms are an essential part of blockchain systems, allowing distributed nodes to come to
agreement on the state of the ledger. Standard algorithms, such as Proof of Work (PoW) and Proof of Stake (PoS),
have been effective in the public blockchain domain, but lack the energy efficiency or scalability in a permissioned
environment. The PBFT algorithm that Hyperledger Fabric provides, while having some fault tolerance and a faster
time to finality, also has exponential communication overhead as the network size increases [1], [2]. As we see
blockchain-based systems integrated within more complex infrastructures, the limitations of these consensus
mechanisms are bringing forward critical issues. Increasing the scalability and efficiency of these systems will no
longer be an option, it will be a requirement to unlock blockchain’s full potential across industry domains.

Addressing these challenges will necessitate innovative solutions that go beyond traditional rule-based algorithms,
and in fact leverage the adaptive features of Al. We saw, particularly over the last couple of years, a trend by the
academic community to study machine learning and graph-based representation learning as a means to enhance
the capabilities of blockchain. An example of a recent method described in the literature is Node2Vec, which is a
graph embedding algorithm that generates continuous feature representations of the nodes in the network, and has
the potential to be a disruptive technology [3]. Node2Vec was designed to be used for tasks such as link prediction
and community detection. It allows you to diverge complicated network topologies into structured datasets that can
be used by machine learning algorithms. This paper investigates how Node2Vec can be used in the consensus
mechanisms of Hyperledger Fabric and is the beginning of applying data-driven decision making in blockchain
systems.

This study is motivated by the need for solutions to the current limitations of scalability in blockchain while taking
advantage of the anticipatory abilities of artificial intelligence. This study suggests the combination of Node2vec
embeddings with TensoFlow one of the most widely used ML frameworks- in order to enhance Consensus
Algorithms by improving efficiency, reducing latency, and increasing throughput in Blockchains. The integration
would allow the implemented system to model node relationships more accurately and provide predictive inference
of the performance characteristics of the Network under changing contextual variables. This study seeks to do more
than simply increase capacity for transactions, but to develop a smarter more adaptive consensus mechanism
capable of dynamically responding to changes in state, resources, and load of transactions.

The presented research adds to the interdisciplinary progression of the blockchain ecosystem, uniquely
implementing Al and network representation learning in a highly scalable and efficient solution to a cognizable
existing problem. Previous attempts to improve consensus have typically contingent on either modification to the
underlying protocols on which consensus is based or tuning the corresponding parameters of the network, while
this study proposes a optimization layer leveraging machine learning to inform data streams from both historical
and real-time sources. Within the presented research, the TensorFlow-based model vastly outperforms a linear
regression-based model and also has a lower Mean Squared Error (MSE). The training of the TensorFlow-based
model incorporates key performance indicators pertaining to block size, transaction arrival illumination, and timeout
probability, which can emphasize representation of complicated nonlinear relationships that are not traditionally
established by regression. Improvements are particularly salient in the real world application of blockchain given
that as the performance predictor has improved, the stability of the blockchain network along with the improved
user experience from faster transaction processing and block confirmations should each be better.

In Conclusion, this study introduces a transformative approach for improving scalability in blockchain networks
through optimizing consensus methods based on artificial intelligence and graph embeddings. The approach
leverages Node2Vec and TensorFlow for the Hyperledger Fabric framework and demonstrates a theoretical
grounding and an applied applicability to the approach. The study proposes a pathway that advances the ability to
build more intelligent, scalable and adaptive blockchain systems to deal with the dynamic challenges and demands
in complex digital ecosystems.

2. Related Work

The research presented by Sukhwani et al in [1], concerns the study of performance of the Practical Byzantine Fault
Tolerance (PBFT) consensus scheme in networking contexts concerning frameworks like Hyperledger Fabric. The
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significance of this source lies in the contribution to the depiction of PBFT as a consensus scheme for networks. Given
that the present research describes the enhancement of consensus schemes for Hyperledger Fabric, a used
permissioned framework in business contexts, Sukhwani's research provides an important grounding view. The most
interesting relevant providing an important grounding viewpoint. The most interesting relevant point to this paper is the
performance model of PBFT consensus scheme. The performance model works as an internal benchmark to help
measure consensus schemes that closely related to performance, efficiency, and scalability per the scope of the project.
The conclusions from Sukhwani et al, [1], will help guide research objectives for this research, to address issues and
enhancements for consensus schemes in authorized blockchains. Overall, these contexts enrich the study, expand
knowledge of PBFT, and use of PBFT consensus schemes in permissioned networks. It is also worth commenting that
the element of the research, that | would not be a foundational theory, they do offer a practical performance model for
assessing consensus schemes, which is key to achieving the research objectives. The significance of this reference lies
in its alignment with the project’s scope and its potential to inform and enhance the application of Node2Vec algorithms
as proposed in this study.

Mingxiao et al [2] presented a comprehensive analysis of consensus algorithms in the technology space, providing
an important contribution to our understanding of this developing area. This is important for the project as it investigates
the optimization of consensus mechanisms and scalability as objectives of this project. This paper aims to provide an
overview of several consensus mechanisms used within the blockchain technology space to optimize consensus
mechanisms in permissioned blockchain systems such as Hyperledger Fabric. This literature review serves as a
reference to help understand optimization approaches for blockchain systems. By exploring consensus algorithms as
well as articulating their merits, demerits, and potential applications, Mingxiao's work contributes to enriching the
knowledge in the area of consensus algorithms in the blockchain domain. This literature does not synthesize existing
literature to add to the base of knowledge in the area. This literature expands upon our views on consensus mechanisms
in blockchain technology while influencing the construction and evaluation of node-to-vector algorithms proposed as part
of the project. Additionally, the aspect of the paper promotes cross review of the literature and assists in meeting this
project's goal of improving consensus mechanisms and scalability within blockchain frameworks through the duality of
existing knowledge of algorithms.

The research by A. Grover and J. Leskovecs [3] emphasizes the importance of the Node2vec paradigm on network
feature learning representation. Although it is not focused on blockchain or Hyperledger Fabric per se, Node2vec does
propose an approach to representation learning of networks which can be applied to enhance consensus and scalability
challenges, specifically for permissioned blockchains. The research does address investigating and applying the
concepts proposed to network feature learning. The research primarily focused on consensus, however, Node2vec does
provide an avenue to leverage network representation learning to potentially improve Hyperledger Fabric's consensus
process. The research introduces Node2vec as a meaningful contribution that learns features representations of nodes
in a network. It accomplishes this by observing the neighborhood of the network and permitting researchers to construct
node embeddings. This method is very flexible across a range of methodologies. Therefore, this approach, and the
multiple objectives in which Node2vec can be compiled in, provides another useful avenue to develop consensus through
learning embeddings of networks features. This analysis enhances the current project significantly as the study develops
and examines Node2vec and its role and responsibility to act as one approach to network feature learning. Again, while
its influence accurately improves technology, resilience, and achieving processes in networks, its contribution to
blockchain technology is a far reaching idea when examining scalability and consensus.

Tanwar et. al [4] examined the challenges and solutions surrounding the integration of machine learning into
applications based on technology. This source is particularly useful for the present study because it analyzes how
machine learning can be applied in blockchain while adhering to the focus of the proposal to integrate Al algorithm's into
developing consensus mechanisms. The purpose of this publication is to present the challenges of integrating machine
learning into applications based on technology and recommend ways in which to more holistically address these
challenges. By utilizing Al algorithms to enhance consensus mechanisms, this study informs the reader of challenges
while providing recommendations through the information in this journal article. All in all, one unique and informative
feature of this article is its report on the challenges of integrating machine learning into blockchain based applications,
sharing informative information to support the studies focus on optimizing consensus mechanisms in Hyperledger Fabric
with Al algorithm's in identifying obstacles and making recommendations. This source greatly enhances the project by
offering perspectives on the obstacles and possible remedies linked to incorporating machine learning, in applications
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based on blockchain technology. The information obtained from this paper contributes to the projects objective of
enhancing consensus mechanisms by utilizing Al algorithms.

In their work on resource management in networks, Yang et. al [5], have significantly progressed our project and
examined the use of resources in Hyperledger Fabric as a variable to meet project outcomes. Yang et al examined
resource considerations regarding consensus algorithms focused on scalability, and performance, in the Hyperledger
Fabric framework. The value of this research rests in examining the resource performance implications of consensus
algorithms as it adds value to understanding the trade-offs, and trade-offs considerations that are needed to improve
core consensus mechanisms within Hyperledger Fabric. Acommendable aspect of the research is their examination of
resource use in which, they also identify considerations regarding eventual impacts of the consensus algorithms such
as power use, network bandwidth requirements, and storage considerations across consensus algorithms. This was
applied research that informed the direction of our project research to consensus mechanisms. The approaches and
findings of Yang et. al, provided significant input into the objectives of our project, by carefully considering how consensus
algorithms usage will affect the use of resources in the Hyperledger Fabric environment, as well as the inputs providing
a real-world lens into resources use in blockchain consensus algorithms in Hyperledger Fabric. The paper clarifies
specific aspects of resource usage that are useful in guiding our projects objectives around consensus mechanisms, as
well as contributing to the optimization of consensus mechanisms in permissioned blockchain networks.

Thakkar et al. [6]'s study offers valuable capabilities to the project through its aim to investigate and improve the
performance of Hyperledger Fabric blockchain platform, which complement the research objectives of improving the
consensus mechanisms and scalability. This work is significant in nature, because it studies some performance metrics
and characteristics (e.g., transaction speeds for different transaction scenarios) related to the widely accepted
permissioned blockchain framework, Hyperledger Fabric. Additionally, and in the spirit, of studying consensus
optimization mechanisms from within the context of the paper that studies Hyperledger Fabric, builds a comprehensive
overview of practical challenges for achieving performance improvement around a Hyperledger Fabric blockchain
system's consensus approaches. An additional consideration, that is particularly valuable, to the study is the performance
measurements the paper studied, that examine many performance scenarios (transaction speed, latency, and, resource
use, etc.) across Hyperledger Fabric. This empirical research is particularly valuable to the project, because the authors
provide specific benchmarks and performance improvement mechanisms, that could directly influence the proposed
node to vector algorithm improvement that is added to the original performance benchmarks study for Hyperledger Fabric
blockchain technology. Overall, the paper describes current best practices for overcoming real world challenges and
possible solutions for the improvement of consensus mechanisms and scalability in Hyperledger Fabric.

Wang et al [7] enhances the project by exploring the topic of data collection in the context of the Hyperledger Fabric
framework, relating to the project objectives of improving consensus mechanisms and scalability. This work is important
because it discusses aspects of managing data, a component of permissioned blockchain networks. As the project has
focused on improving consensus mechanisms and scalability of these processes, the original research adds valuable
insights into improving the challenges involved in dealing with data in Hyperledger Fabric. The original research offers
original research contributions by looking at the techniques and factors involved in data management in Hyperledger
Fabric environments. Data security, privacy and confidentiality are the factors considered significant for businesses using
permissioned blockchains, and discusses, within the research. The project can use this research analysis to better
understand how private data management can affect consensus, to help inform the development of private and robust
algorithms for node to vector exchanges. This resource adds to the projects understanding related to barriers of data
collection in Hyperledger Fabric. This research provides an overview to facilitate the managing of information, directly
aligned with the objectives of the project, again improving consensus mechanisms, and providing scalability for the
process.

Androulaki, et. al [8] offers an overview of Hyperledger Fabric, a prominent permissioned blockchain framework. It
discusses the architecture, features, and design principles of Hyperledger Fabric in order to improve upon the consensus
mechanisms, and scalability of Hyperledger Fabric. The focus of the corpus is to understanding Hyperledger Fabric as
a whole in reference to permissioned blockchains. The aim of the research project is to use the discovery from this
research project to make improvements to the consensus mechanisms baked into Hyperledger Fabric. It discusses
various aspects of Hyperledger Fabric, such as membership services, ordering services, and smart contracts to provide
clarity on the structures and mechanisms in which the node to vector algorithms will operate when applied in reality.
Moreover, this resource provides clarity to the project scope by offering an exploration of Hyperledger Fabric as a
resource for better understanding the various workings of a permissioned blockchain structure. The enlightenment
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offered by this resource will allow for the developing, implementation, and evaluation of the proposed node to vector
algorithms in a very efficient manner.

C. Gorenflo, et. al [9] present the FastFabric framework, focusing on its potential to dramatically improve transaction
processing speeds of Hyperledger Fabric. This work matters because it suggests scalability solutions for Hyperledger
Fabric in line with enhancing consensus mechanisms and scalability, the essential facets of this whole effort. This
reference explores how FastFabric improves Hyperledger Fabric’s transaction processing efficiency, offering potential
improvements to transaction throughput in any permissioned network. Development of FastFabric as a scalability
solution for Hyperledger Fabric is one part of this research project. Gorenflo’s research discusses the detail and
optimizations that allows for the described throughput of 20,000 transactions per second. The project will benefit from
this research because it will help guide the optimization of consensus methods to achieve better scalability. The
efficiencies FastFabric introduces, and its overall impact on scaling Hyperledger Fabric, will add considerably to this
project. This research adds considerably to the resources already referenced to improve throughput.

Barger et al [10] discusses the design of a Byzantine Fault Tolerant (BFT) consensus library for Hyperledger Fabric
and its relevance in enhancing the project and its consensus mechanisms. The primary focus of this study is the
assessment of whether a customized Byzantine Fault Tolerant consensus library can strengthen fault tolerance in
Hyperledger Fabric, while aligning closely with the project goal of refining consensus protocols for permissioned
blockchains. Contributions include the successful design and assessment of this consensus library for strengthening
fault tolerance of Hyperledger Fabric and implications to mitigate faults and improve consensus methods for increasing
scalability, a primary goal of the project. The results presented in this study provide implications for improving consensus
mechanisms relative to the project objective.

Hao et al [11] presents a helpful research performance evaluation of consensus methods in an environment. The
relevance of this paper to the project is its evaluation of the efficiency of consensus algorithms overall blockchains in a
way that provides relevant detail to the projects research aim which is to evaluate consensus algorithms to improve
consensus performance, specifically node scalability and overall blockchain design. This research serves as a reference
for performance evaluating the algorithms specific to a blockchain. The research chapter provides insight into the
performance results presented as critical information to help understand the performance consideration and potential
optimizations to permissioned blockchain networks, which is important given the project includes research aimed at
developing the functionality of consensus mechanism. The research provides useful contribution to the project through
considerations for variability of consensus algorithms to help to the evaluate their utility and effectiveness specifically
within the private blockchain domain. This the authors call their evaluation of exploration efficacy and efficiency in
consensus algorithms which present the analysis of performance support the grants aim to improve consensus process
provide better node scalability in Hyperledger Fabric Application. The paper is critical to both aims of performance
evaluating the methods of consensus and performance in blockchain to find critical details for better use cases for
consensus methods in permissioned blockchain.

Chen et al [12], examines the intersection of machine learning and blockchain technology providing an insight into
the benefits and drawbacks of their convergence. The significance of the citation to the project is in its exposition into
the application of Al algorithms to enhance consensus mechanisms in the blockchain space. As an examination of
benefits and drawbacks of leveraging machine learning into technology, the reference seeks to develop consensus
processes with Al algorithms. The results of this journal article provide insight into barriers and futures in this field of
study. This journal article adds a significant value to the project as it will examine benefits and drawbacks of utilizing
machine learning in technology. The authors discusses applications where machine learning may enhance both security
and efficiency whilst also discussing the barriers to entry for industry practitioners and scholars. In summary, this citation
adds additional value to our project as it offer insights concerning the benefits and barriers of merging machine learning
with blockchain technology. The insights gleaned from this journal article further supports the project goals of using Al
algorithms to enhance consensus mechanisms in Hyperledger Fabric.

Y. Liu et al. [13] examine the relationships among blockchain technology, machine learning, and systems within
communications and networks. This source contributes to the project because it surveys how blockchain and machine
learning can be integrated into networking and communications systems to enhance consensus mechanisms using Al
algorithms. The main point of this document is to present a survey of the extent that Al algorithms can be integrated into
consensus mechanisms to improve them. In addition, the journal article elaborates on the opportunities and future
challenges that can result from the convergence of these technologies and analyze how the convergence can respond
to challenges in networking and communications systems. After surveying the convergence of using blockchain
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technology and machine learning to address challenges in networking systems, the authors examine use case
opportunities in terms of security, privacy, and performance optimization. This adds to the capacity of the project to use
Al algorithms in achieving aims associated with improving consensus mechanisms for Hyperledger Fabric. Overall, this
source greatly supports the project by showcasing the potential to use blockchain and machine learning in
communications and networking systems.

3. Methodology

The methodology used for this study addresses the concerning aesthetic aspect of scaling permissions blockchain
systems through some newly introduced machine learning methods, especially in the areas of representation learning
through networks that utilized Node2Vec and forecasting analysis using TensorFlow (14). The tacit goal is to improve the
consensus methods in Hyperledger Fabric, through the modeling and forecasting of significant behaviors of critical
operating systems that lead to performance deterioration. This approach supplements the consensus evaluation with an
intelligent adaptive layer that encompassed data driven learning in an accountability which moved away from prior, static
universal designs.

The experimentation context is defined by a representative, experimental dataset from the analysis provided in [1],
the aforementioned analysis series which presented a systemic performance and load analysis for the PBFT (Practical
Byzantine Fault Tolerance) consensus mechanism in Hyperledger Fabric. The authors observed the performance and
reliability of a blockchain in load regarding block size, timeout time, transaction arrival rate, and timeout probabilities.
Thus, the use of the authentic ordering dissertation data, examined and harvested from their simulation, adds to the
postulation of efficacy, appropriateness, and provides external validity in responsiveness to network dynamics with regard
to the experiments in this inquiry.

Data Collection W

S — * Performance indicators
[ ————— = Transaction processing rates
|\ Gather Real-World Data /l = Transaction completion times
* Resource utilization metrics

= Extract relevant network features

-~ =, e
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Figure 1 Research Workflow

The procedure commences with the data preprocessing phase, wherein the ingested data undergoes conventional
treatments: deduplication, handling of missing or null values, and normalization. Each of these steps are considered
important for enabling subsequent robust feature learning and normalizing the numerical features. In addition, descriptive
statistical analysis and corresponding visualizations, such as pairplots and histograms, are used to review the
distributions of the values and identify either visible patterns or anomalies that could represent a majority or minority
population in the data set. The visualizations also contribute to understanding correlations between features, such as
how the probability of a timeout increases with increases in the block size parameter or the arrival rate parameter. These
findings would then inform or help develop the predictive model.

To formally represent and leverage dependencies at the network level, a technique called Node2Vec is used toward
the feature development. Node2Vec is defined as a graph embedding algorithm, which uses the concept of simulating
biased random walks to translate nodes in a network representation into continuous vector representations [3]. In this
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work, a directed, temporal graph is constructed in which nodes represent operational states (or components) in the
ordering service and edges are formed to express relationships between specific states, in this case, the co-occurrence
of values of particular parameters during the block formation process. In this manner, we endeavor to capture the latent
structural dependencies within the system, for example, whether or not specific ranges of block sizes have a higher rate
of co-occurrence with a higher rate of timeouts.

The generated embeddings are then combined with the original dataset to create an improved feature matrix. Given
that the embeddings have created high-dimensional feature space, Principal Component Analysis (PCA) is applied for
dimensionality reduction while attempting to keep most of the variance intact. PCA helps in two main ways; it aids in
improving efficiency of the model, as well as gives opportunities to visualize high-dimensional trends for researchers to
potentially use in order to understand which features or combinations of features are resulting in the most variance of
the output.

t-SNE Visualization of Node Embeddings

—T 10
20 (§60.0, 100.0)
@#80.0, 800.0) {$80.0, 1000.0)
80,0, 600.0) @40.0, 5&B9.0, 400.0)
@80.0,100.0) @60, 800
151 eop N 460.0,50.0) ros PO gano, 2000)
|00, 1000 420.0,50.0) «60.0, 600.0) 2
800,
@5p-0. 600.0) @100.0,50.0) #1000, gég‘g?‘“”m” oy
: y 0,1000 1
ol 4400, sgan TR 9 l
! Of 040D 0)
o~ @60.0, 200.0) r 0.6 d4éh1%8ﬁ Simaon o)
5 4800,500) 440.0, 10 ﬂl% 0
z 4400, 100.0) @80.0,200.0) a 120 8,388 5"
g > 460.0, 8000 , 8400, 400.0)
E 3 4200 ﬁéﬂs&ﬁoﬁ 100.0, 800.0)
o 0.5 4 60,0, 1000.0) #1000, 1000.0) = -1
v : #8960 @Bttt 40 0
bt @60.0, 400.0) | 0a 4B0.0,.400.0] P
=2
@400, 800.0) 41000, 1000 AEBOSE 0
0.0 q @40.0, 1000.0)
@100.0, 800.0) @200, 400.0)
@100.0, 400.0)
0.2
_054 §00.4000) 4100.0, 200 420.0, 80D.0)
420020000 560, 1000 0)
#40.0,600.0)
$100.0, 600.0)
40,0, 200.0)
T T T T T T T 0.0
-2.5 -2.0 -15 -1.0 —0.5 0.0 0.5
t-SNE Dimension 1
Figure 2 Node2Vec Embeddings Visualization Figure 3 PCA Explained Variance Ratio

After this, a deep learning model is made from TensorFlow, using a sequential neural model architecture with multiple
dense layers that utilize ReLU activation functions and dropout to regularize, in order to minimize overfitting, and to
support generalization of the model. The model is trained to predict prob_timeout, the probability of transaction timeout
events, using the expanded input feature set. In general, this is an important measure of network performance and
directly relates to the efficiency and dependability of the consensus protocol, given the operational load applied to it.

The training occurs using the Mean Squared Error (MSE) as the loss function. In practice, it is shown the proposed
Al-enhanced model yields an MSE of 0.0341 that is approximately half of that of the baseline linear regression model
with an MSE of 0.0658, which demonstrates the Al-enhanced model's superior ability to learn the nonlinear relationship
between operational parameters and consensus outcomes. This demonstrates the efficacy of adding in network
embeddings and deep learning to model and develop consensus dynamics.
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Comparison of Mean Squared Error (MSE) across Models
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Figure 4 Comparison of MSE across Models

The experimental setup was created to closely resemble actual deployment conditions. All components were
included in Docker containers to ensure reproducibility and uniformity throughout development, testing, and deployment
competencies. The simulated blockchain network was created using Hyperledger Fabric, and experiments were
executed in a controlled testbed with AWS support to facilitate scalable computing resources. The system was built
primarily in Python, taking advantage of several available libraries, including Scikit-learn, NetworkX, Pandas, and
Matplotlib, as well as TensorFlow and Keras.

This type of approach provides several benefits over traditional performance optimization techniques used in
blockchains. First, it provides a predictive understanding of performance; instead of making adjustments after concerning
performance degradation is observed. We rely on intelligent models to predict and avoid performance degradation.
Second, both types of features collected or engineered for use in our model, i.e., structural (graph-based features) and
numerical (parameter-based features incorporated into the model) are contained in a single model improving the
understanding of all aspects of system behavior. Third, the entire framework was designed and built to be modular,
extensible, and deployable into operational environments, which is highly valuable to real-world blockchain network
operators.

4. Conclusion

This work presents a new approach for enhancing scalability and performance in permissioned blockchain systems,
particularly Hyperledger Fabric. The proposed solution incorporates network representation learning with Node2Vec
and deep learning models developed with TensorFlow to establish an intelligent layer for assessing the consensus
mechanism under the dynamic aspects of the system with its complex non-linear dependencies. This methodology
is based on a solid experimental basis utilizing non-trivial empirical performance data derived from pre-existing
experimental studies [1], establishing internal relevance and external validity. After systematic data preparation and
exploratory analysis, and the features extracted in the context of graphs, a data space is created containing
measurements of both statistical and structural properties of empirical blockchain operations. The analysis is
contextualized from Node2Vec embeddings that rely on PCA to dimensionally reduce to visualize and illustrate the
multifaceted relationships in performance features, utilizing transaction arrival rates, block sizes, and timeout
probabilities, while using the last embedding that leverages higher level features to improve the predictive
performance of the model.

The proposed deep learning model showed better performance in predicting the transaction timeout probability, as
exhibited by notable improvements in the Mean Squared Error metric, when compared to the traditional linear
regression model. This enhancement in performance demonstrates the capabilities that artificial intelligence
provides to historical challenges relative to designing a blockchain consensus. The overall framework designed in
this study contributes to the construction of blockchains that are more scalable, adaptive and intelligent, and allows
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for adopting techniques for consensus that maintain performance in distressed network conditions, while realizing
improved momentum for speed, and smart adoption and consensus technique efficiency. This study also provides
a basis for a platform for defining future research activities that relate to blockchain and artificial intelligence, and
illustrates the good interdisciplinary activities to solve problems in relation to complex distributed systems.
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