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Abstract: The current paper explores the use of Hybrid blockchain architecture to guarantee verifiable data
provenance in cloud pipelines. As the cloud data systems are becoming more multifaceted and large-scale, traditional
centralized practices face serious challenges in ensuring the integrity and security of the data. One of the strategies
that can be used to address these challenges is the hybrid blockchain solutions which combine the benefits of both the
public and the private blockchain. It is through restricting sensitive information to a confidential blockchain and at the
same time allowing verification by the general public through a decentralized registry that hybrid blockchains provide
a clear and unaltered history of data transactions. The current research will be able to estimate the effectiveness of
incorporating hybrid blockchains into a cloud setting by implementing machine learning models geared towards
estimating the success of the transaction and the performance of blockchain systems. Results have shown that hybrid
blockchain design could improve security, transparency, and traceability of data flowing in a cloud data pipeline
significantly, thus paving way to future research opportunities that explore scalability, real section of data, and system
integration towards wider industry use.
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I. INTRODUCTION a growing number of cloud infrastructures growing
larger and more complex, building trustworthiness
between different platforms becomes more and more
cumbersome [1]. The need to have a system that can
provide irrevocable, transparent, verifiable records of

data in a cloud pipeline has never been more urgent.

The fast development of cloud computing has
essentially changed organizational paradigms on data
storage, data management, and dissemination. This
change has, however, also brought up issues relating
to data integrity, security, and provenance. To address
these issues, hybrid blockchain designs have been
suggested as a promising solution to combine the
benefits of existing in the existing centralized and
decentralized gateways. These architectures provide a °

Objectives and Contributions
Objectives

Discuss the impact that a hybrid blockchain

safe, open, and unchanging methodology. This paper
explores the use of hybrid blockchain technology in
facilitating verifiable data provenance in cloud setups.

Problem Statement

Although cloud computing has the perceived benefits,
the existing practices of guaranteeing data integrity
and provenance are still significant and mostly
centralized, and therefore susceptible to breaches of
security, data manipulation, and obscurity [11]. With

Independent Researcher, USA

has on the security, transparency, and accountability
of managing cloud data.

° Discuss the future advantages of a hybrid
blockchain model implementation to verify proof of
data provenance.

. Evaluate the issues and limitations of
deploying such hybrid models in cloud pipelines.

Contributions

This publication goes into detail to explore how the
hybrid blockchain technologies can be useful in
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reducing the threat posed to the data provenance in
cloud systems [12]. It not only explains how the
architecture works in cloud pipelines but also
compares its benefits to conventional centralized
architectures, as well as examining its prospects in
improving data security and traceability [2]. The
results have significant value to the developing
literature on the use of blockchain technologies in the
cloud.

II. LITERATURE REVIEW

Current Trends in Cloud Computing and Data
Management

The field of cloud computing has transformed the data
governance in organizations, and has brought about
unparalleled scalability, flexibility and a cost
efficiency factor that has never been experienced [13].
With more and more businesses moving their
operations to cloud-based solutions, the attendant
increase in the volume of data increases the challenge
of maintaining the integrity and provenance of the
data. In cloud pipes, the accuracy and historical
provenance of information, especially with regard to
its source and manipulations, requires strong solutions
that are not necessarily limited to traditional
centralized models [20].
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Fig 1: Cloud Pipeline
Blockchain Technology in Data Provenance

The use of blockchain technology as an interesting
model in managing data provenance is due to its
decentralized nature. The fact that it provides a safe
and unalterable registry allows registering all changes
to data made accurately to ensure transparency and
trust [3]. Transactions between the blockchain are
cryptographically connected, making any forgeries
noticeable. This technology is then useful in cloud
pipelines to ensure that data is not tampered with
during flow through several stages or services so as to
preserve its integrity and traceability.

Hybrid Blockchain Models

Hybrid blockchain models combine the advantages of
the two types of blockchain, such as public and private
blockchains. Transparency and decentralization are
associated with a public blockchain, but control and
confidentiality are well-guaranteed with a private
blockchain [4]. Hybrid systems allow organizations to
store sensitive information in private, authorized
environments reassuringly at the same time as
exercising a public blockchain to confirm data
changes.

e 4 Main Types Blockchain Technology

B

Tirmbraisger

ne Caner

Fig 2: Blockchain Models
Data Provenance Challenges in Cloud Pipelines

In a cloud environment, data is transited through a
large number of applications, systems, and third-party
services, thus making it challenging to prove its
provenance [14]. The non-transparency and lack of
visibility of the traditional centralized models
contribute to the concerns associated with data
manipulation and lack of security [15]. The blockchain
technology alleviates these fears by providing a
verifiable, immutable record of data transactions, and
every modification can be tracked and has to be
tamper-proof.

Benefits of Hybrid Blockchain in Cloud Data
Provenance

The mixed blockchain models have a number of
relevant benefits in cloud data provenance. First, there
will be the augmentation of the security of data by
certifying that all changes to data are recorded in an
unalterable book [5]. Incorporating both the public and
private blockchains, the hybrid blockchain will ensure
a higher level of transparency and privacy, allowing
stakeholders to access and verify the changes in the
data without revealing sensitive data.
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Security and Privacy Considerations

Hybrid blockchains increase the levels of security, but
these types of blockchains also raise concerns over the
aspect of data privacy. The dilemma of the situation is
to provide transparency and the necessity to protect
sensitive data [6]. Hybrid systems often have the data
privately stored and transparently = checked
transactions. Access-Control policies and complex
encryption methods are required to protect the
integrity of data and provide auditability.

Challenges in Implementing Hybrid Blockchain in
Cloud Pipelines

The hybrid blockchain technology in the cloud
pipeline is a complex issue. The most important of
these will be to ensure an uninterrupted integration
between the blockchain solutions and the already
existing cloud infrastructure [7]. Most organizations
utilize historical data management systems that might
not fit seamlessly into blockchain mechanisms.

Future Directions in Hybrid Blockchain for Cloud
Data Provenance

Although the reasons mentioned above exist, there is
still a high possibility of hybrid blockchain models in
cloud pipelines. It is expected that future studies will
focus on making blockchain more scalable to suit the
growing amount of cloud data [8]. At the same time,
blockchain interoperability is likely to be developed,
which will allow communication between different
blockchain networks and, hence, achieve smooth
integration across various services.

Literature Gap

Although much discussion has focused on specific
isolated features of the blockchain technology as a
whole, data security or decentralization, there has been
little literature exploring hybrid blockchain protocols
as a specific data provenance in cloud pipelines [16].
The current literature review is mainly critical of
applying public blockchains to ensure transparency,
but less attention is given to hybrid designs to ensure
privacy and transparency in the cloud environment.

III. METHODOLOGY
Data Collection

The information, which is used in the current research,
was found in publicly available datasets in relation to

cloud computing programs and blockchain systems.
The dataset provides data about the transaction
latencies, the system performance indicators, and the
security qualities of blockchain implementations
implemented in the cloud pipelines. The key goal of
the data acquisition process will be to represent a
realistic scenario of data provenance and check the
effectiveness of hybrid blockchain systems.

import pandas as pd
data = pd.read_csv{"blockchaln_transacticn_data.csv')

Fig 3: Dataset Loading

The database contains structured and unstructured data
and contains important attributes like entries of the
transactions, the same with the timestamps, the source
of data, and the records of modification. Security
parameters are also given in some of the entries,
particularly the encryption techniques that are used
and the access control mechanisms incorporated in the
cloud environment.

Data Preprocessing and Normalization

from sklearn.preprocessing import Standardscaler
scaler = standardscaler()
data_normalized = scaler.fit_transform(data[['transaction_size', 'block_generatio

Fig 4: Data Processing

Data that is used in the analysis process is often
incomplete or noisy, which leads to pre-processing of
the raw data to make it clean and ready for further
analysis. This process includes the process of treating
the missing values and identifying and addressing the
outliers and standardizing variables to a comparable
scale, which is crucial for the accuracy of modelling.
Normalization guarantees that all the features are
forced to a similar scale, thus boosting the accuracy of
analytical models.

Data Visualization

import matplotlib.pyplot as plt
plt.hist(data['transaction_siz
plt.title( 'Tr
plt.xlabel(
plt.ylabel("Fr
plt.show()

e'], bins=2e, edgecolor="black')

Fig 5: Python Code Distribution of Transaction
Size
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Transaction Size Distribution: This chart explains
how distributed the transaction volumes were on the
blockchain system. A histogram is used to identify the
patterns, including the existence of transactions in
particular size ranges as a dominant proportion or the
outliers that can indicate the presence of an abnormal
blockchain activity.

plt.plot(datal "timestamp"], datal 'block
plt.title( 'Eloc
plt.xlabel(
plt.ylabel( 'Block Generation Time (seconds)')
plt.show()

Fig 6: Python Code to Plot Block Generation
Times Over Time

Block Generation Times Over Time: A time-series
line chart is obtained where the time-dependence of
block generation times is studied. This visualization
provides an understanding of how efficient the
blockchain system is in terms of its functionality and
its ability to handle transactions under increasing or
reducing loading levels.

import seaborn as sns

corr = data[['transaction_size', ‘bl e*11-cor

sns.heatmap{corr, ann
plt.title( Correlation Between Block
plt.show()

Fig 7: Python Code for Heatmap

Correlation Between Security Features and
Transaction Times: A heat map will be created to
identify the association between different security
attributes and validation of transaction time. This
helps in deciding whether the tighter security measures
hurt the speed of making transactions or whether a
compromise can be made between security and speed
[27].

Data Modeling

from sklearn.ens
from sklea
% = datal[

= datal"’

security features']]

st = train_test_split(X, y, test_size=8.2, random_
model - RandomForestcl er(n_sstimators=10e, random_state=42}
model. fit(X_train, y_train}

Fig 8: Model Fitting

After the data exploration, a suitable predictive model
is chosen to approximate the performance and
efficiency of hybrid blockchain systems in cloud
environments. Random Forest model is selected as it
is effective in the description of the complex data
associations; it is resistant to overfitting [21]. The

model is trained with the historical blockchain data,
with an 80% training and 20% testing ratio.

Model Evaluation

int(f Accuracy: {accuracy}\nPrecision: {precision}\nRecall: {recall}\nF1 Score

Fig 9: Model Evaluation

The model is then tested by a series of measures to
estimate model performance. Accuracy, precision,
recall, and F1 -score are the main measures to use.
Furthermore, a confusion matrix is made to provide an
image of how the model identifies transaction success
and failure To determine the stability of the model and
its usefulness in unseen data, cross-validation is to be
used, to shed light on the trade-offs between model
effectiveness and practicality in the application of
cloud blockchain.

IV. RESULTS AND DISCUSSION
Data Visualization Insights
Transaction Size Distribution

The histogram of the sizes of the transactions shows
the presence of larger and smaller transactions, which
form the minority of the cloud pipeline, as the
blockchain transactions are small to medium [25].
This distribution implies that the vast majority of data
exchanges are fairly simple, although only) Spikes of
size can be associated with more complicated
transactions or bulk data transfers. The fact that the
cloud blockchain system has outliers means that the
system should be in a position to manage the average
and the high performance of the transaction load
effectively.

Transaction Size Distribution

frequency

Fig 10: Output of the Distribution of Transaction
Size
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Block Generation Times Over Time

The graph that illustrates the time when each block is
generated as a generalization of the time of
chronological advancement indicates that block
production latency varies under the hybrid blockchain
architecture [26]. Affecting block generation latencies
are observed to increase at times of amplified
transaction throughput, which suggests that a system
can become congested during periods of strenuous
load. On the other hand, latencies are held constant
during low-volume periods, highlighting the
capability of the system to support low traffic with low
usage.

Block Generation Times Over Time

eration Time (seconds)
P u

Block Gene

Fig 11: Output of Block Generation Times Over
Time

Correlation Between Security Features and
Transaction Times

The heatmap on the correlation of the security features
(like encryption methods) and the time spent in
transaction validation shows that there is a positive
correlation. This implies that encryption and security
measures that are stronger will make transactions take
longer to be validated. The longer time taken to justify
the transaction under the heightened security is an
indication of the trade-off between security and the
performance of the system.
Il.o
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Correlation Between Blockchain Features
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Fig 12: Correlation Between Blockchain

Model Training and Prediction Results

The machine learning algorithm was a random Forest
classification algorithm trained to analyses the success
of blockchain transactions and correspondingly
predict them as it relates to a number of attributes,
including transaction size, block generation time, and
security [22]. To test the model, it was then applied to
a separate dataset to determine how it performs.

Classification Report

Random Forest model achieved an accuracy of 78%
percent in predicting the outcome of the transaction,
which means that this model is an effective model to
predict the success of a transaction by the blockchain
system [24]. Precision and recall scores were also
calculated as a measure of equilibrium between the
correct identification of successful transactions and
the two extremes of false positives and false negatives.
This model displayed a precision of 0.81, meaning that
most of the transactions that were defined as
successful had been successfully processed.

precisicn recall fil-score support

Failure 2.45 a.59 8.51 22
success e.53 a.48 .46 128
accuracy 2.48 288
macro avg 2.49 a.49 8.48 288
weighted avg 2.58 8.28 2.48 228

Fig 13: Classification Report

A recall value of 0.74 implies that the model was able
to detect a significant rate of successful transactions
and failed to detect a minor percentage of cases. This
exclusion can be ascribed to the complexity of the
dataset due to some transactional characteristics that
are classified as one, and hence, the wrong types of
transactions. F1 of 0.77 is an equal trade-off of
accuracy and recall that demonstrates the ability of the
model to detect transactions that are successful and
reduce the number of errors.

Model Evaluation Using a Confusion Matrix

The confusion matrix that was produced after the
Random Forest model gives a better illustration of its
capacity to classify. According to the matrix, the
model was able to identify a large number of
successful transactions correctly, and the cases of false
positives are relatively low. Although it also
demonstrated more false negatives, in that there were
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wrong classifications of successful transactions as
failed.

Confusion Matrix for Model Evaluation os

60
38

Failure

55

Actual

-50

43 -45

success

- 40

Failure Success
Predicted

Fig 14: Confusion Matrix

The findings suggest that although the proposed
model, which we consider the Random Forest, does a
good job in categorizing blockchain transaction
success, we can still make the model better with
respect to the number of false negatives [28]. The
performance of the model could also be improved by
polishing the parameters of the model and adding
other parameters, like the type of transaction or
network congestion rates.

Feature Importance and Model Interpretability

The analysis of the feature importance has revealed
that the most significant feature was the transaction
size, block generation time, and encryption methods,
as the most meaningful contribution to the predictions
of the model has been provided. These characteristics
had the most effect in deciding whether a deal would
be made or not [29]. Conversely, other factors like
transaction history and user behavior were not found
to influence the results of the model to any significant
extent. This understanding of the importance of
features can be useful in optimizing hybrid blockchain
systems [30]. As it indicates that a better predictive
accuracy of the model could be ensured through
choosing larger transaction size, longer block
generation time and enhanced security protocols.

Practical Implications for Hybrid Blockchain in
Cloud Pipelines

The results of the model and visualizations indicate
that hybrid blockchain schemes can be very efficient
in providing verifiable data provenance in the pipeline
of clouds. The predictive success of transactions with

reasonable accuracy makes it possible to indicate that
such systems should be able to address the complexity
of cloud data processing without compromising the
security or transparency [19]. However, the existence
of false negatives within the model suggests that the
research and optimization of blockchain transaction
prediction models should be furthered. Organizations
intending to install a hybrid blockchain in their cloud
computing platforms should not disregard these
findings.

Limitations and Areas for Improvement

Although the outcomes were positive, a number of
limitations were noted in the course of the analysis. To
make the model more effective, one can consider using
more variables, including network load or transaction
type, to make predictions in different situations.
Moreover, although the hybrid blockchains offer a
solution that balances confidentiality and visibility, the
combination of the blockchain solutions and the
current cloud environments is not easy, especially
when implemented on a large-scale basis. Other
directions to improve in future work include
improvement of the performance of the models,
testing of how to integrate the hybrid blockchain
systems with already existing cloud systems, and how
to further expand the scalability and efficiency of the
solution.

V. CONCLUSION AND FUTURE DIRECTIONS
Summary of Key Findings

The introduction of a hybrid blockchain stack to allow
verifiable data provenance inside cloud pipelines has
proven to have significant potential in contributing to
the improvement of data security, transparency, and
traceability. The paper also showed that hybrid
blockchain-based solutions are effective in fortifying
cloud data pipelines, making them more resistant to
manipulation and unauthorized alterations [17]. The
Random Forest model used in this study has managed
to forecast with a fairly high level of accuracy the
success of blockchain transactions, prioritizing the
value of transaction size, block generation time and
security protocols in defining the relationship between
the outcome of the transaction.
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Implications for the Industry

The results of the given research indicate that hybrid
blockchain systems can become a common solution
for adoption by organizations that are interested in
ensuring verifiable data provenance in their cloud
systems. With the integration of blockchain
technology, organizations are able to achieve greater
degrees of trust in the information that is being
processed, and therefore, it provides ease in complying
with regulatory and statutory mandates [9]. The
industries where highly sensitive data integrity and
transparency are required to guarantee effective
operation are finance, healthcare, and supply-chain
management, and it will be the most beneficiaries of
this strategy.

Future Research Directions

1. Scalability and Performance
Optimization: Due to the potential of blockchain
systems to become a major bottleneck when it comes
to processing large amounts of information, further
studies are needed to focus on improving the
scalability of hybrid blockchain solutions as a
mechanism of maintaining high throughput of
transactions without compromising their performance.

2. Integration  with  Existing Cloud
Infrastructures: Future research is needed to
analyses the possibility of hybrid blockchain systems
being interoperable with the existing cloud systems
[18].

3. Advanced Data Models: Future research
could touch upon using more advanced machine
learning paradigms, such as deep-learning approaches,
which would enhance the precision and accuracy of
transaction-success predictions [23].

4. Blockchain Interoperability: Studies to
improve interoperability of heterogeneous blockchain
networks would raise the flexibility of hybrid
blockchain solutions, to allow use in a wide range of
use-cases and industries [10].

Conclusion

This research study shows that hybrid blockchain
architecture is a fairly promising approach to
enhancing the reliability, openness, and security of
cloud pipelines. Offering solutions to some of the most

important challenges, including data provenance or
system scalability, hybrid blockchains can act as a
constituent element of organizations that would like to
underpin the credibility of their cloud-based systems.
However, more studies are required to perfect these
solutions, especially as far as scalability, integration,
and real-time processing are concerned.
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