International Journal of Computer Information Systems and Industrial Management Applications @
ISSN 2150-7988 Volume 18(9s) 2026 pp. 972-985

https://doi.org/10.70917/ijcisim-2026-3514

Article

Quantum Machine Learning Models for
Encrypted Big Data Processing in Cloud
Computing

M. Manju Bhargavi', Y. Devi Priya?, M. Subba Reddy?, Saiprasanna Panthina‘, Mallikarjunarao
Dandu®, Kanaka Raju Kalla®

! Department of Computer Science Engineering, Vignan's Institute of Information Technology, Vishakapatnam, A.P 530049.
Email: manju.mchdrask002@gmail.com

2Godavari Global University, Rajamahendravaram, Andhra Pradesh 533296, India.

Email: tummuridevipriya@gmail.com

3Department of Mechanical Engineering, NBKR Institute of Science and Technology, Vidyanagar, Tirupati District 524413,
Andhra Pradesh, India.

Email: mnmr23@gmail.com

“Satya Institute of Technology and Management, Gajulalarega, Vizianagaram, Andhra Pradesh 535003, India.

Email: prasannasai968@gmail.com

*Department of Mechanical Engineering, Lakireddy Bali Reddy College of Engineering, Mylavaram 521230, Andhra Pradesh,
India.

Email: malliaug01@gmail.com

¢ Department of Electrical and Electronics Engineering, Aditya Institute of Technology and Management, Tekkali, Andhra
Pradesh, India.

Email: kallakanakaraju@gmail.com

Abstract: The exponential growth of cloud-based data generation has intensified the demand for intelligent, secure, and
computationally efficient mechanisms capable of processing encrypted big data without compromising privacy. Conventional
machine learning approaches often require data decryption before analysis, thereby exposing sensitive information to potential
security threats and increasing computational overhead. Recent advancements in quantum computing and quantum machine
learning (QML) have introduced new opportunities for accelerating data analytics while preserving confidentiality through
quantum-enhanced optimization, feature representation, and secure computation techniques. This paper investigates the integration
of quantum machine learning models with encrypted big data processing frameworks deployed in cloud computing environments.
The study explores the architectural design, computational workflow, quantum-enabled learning paradigms, encryption-aware data
processing mechanisms, and performance optimization strategies suitable for large-scale cloud infrastructures. Furthermore, the
paper discusses practical implementation challenges, scalability considerations, computational complexity, and future research
directions associated with quantum-assisted secure analytics. The proposed framework aims to enhance prediction accuracy, reduce
computational latency, strengthen data confidentiality, and improve resource utilization, thereby establishing a robust foundation
for next-generation intelligent cloud computing systems capable of handling privacy-preserving big data analytics.

Keywords: Quantum Machine Learning, Encrypted Big Data, Cloud Computing, Privacy-Preserving Analytics, Quantum
Computing, Secure Data Processing

1. Introduction

The rapid evolution of cloud computing has transformed the way organizations store, manage, and process
massive volumes of structured and unstructured data. Cloud platforms provide scalable computing resources, flexible
storage, and cost-effective infrastructure that enable governments, industries, healthcare institutions, financial
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organizations, and research communities to analyze big data efficiently. However, the migration of sensitive
information to third-party cloud environments has significantly increased concerns regarding data confidentiality,
integrity, and privacy. Conventional cloud-based machine learning systems generally require data to be decrypted
before analysis, thereby exposing confidential information to unauthorized access and increasing the vulnerability of
data breaches. Consequently, developing intelligent computational models capable of learning directly from encrypted
data has become an important research challenge in modern cloud computing.

Simultaneously, quantum computing has emerged as a revolutionary computational paradigm capable of
solving complex optimization and learning problems beyond the practical capabilities of classical computers.
Quantum Machine Learning (QML) combines quantum computational principles with machine learning algorithms
to accelerate data processing, improve predictive performance, and optimize high-dimensional data analytics. The
integration of QML with encrypted big data processing introduces a promising direction for privacy-preserving cloud
intelligence by enabling secure analytics, efficient resource utilization, and enhanced computational scalability while
maintaining strong data protection mechanisms.

Overview

Quantum Machine Learning represents the convergence of quantum computing, artificial intelligence,
cryptography, and cloud computing. Unlike conventional machine learning models, QML utilizes quantum
phenomena such as superposition, entanglement, and quantum parallelism to perform complex mathematical
operations more efficiently. When integrated with encrypted big data processing frameworks, QML can reduce
computational latency, improve feature extraction, optimize encrypted search operations, and enhance predictive
accuracy without compromising sensitive information. The proposed research investigates how quantum-enabled
learning architectures can support secure, scalable, and intelligent cloud services for next-generation big data
applications.

Scope of the Study

This study focuses on the application of Quantum Machine Learning models for processing encrypted big data
within cloud computing environments. The research investigates secure cloud architecture, quantum-assisted learning
algorithms, encryption-aware data processing techniques, computational workflow, performance optimization
strategies, and security evaluation. The study also discusses implementation challenges, computational complexity,
scalability issues, and future opportunities for integrating quantum computing into privacy-preserving cloud analytics.

Objectives of the Study

The primary objectives of this research are:

® To examine the role of Quantum Machine Learning in encrypted cloud data processing.

® To develop a conceptual framework for secure quantum-enabled cloud analytics.

® To analyze the computational workflow of encrypted big data processing using quantum algorithms.
® To evaluate security, computational efficiency, scalability, and predictive performance.

® To identify research challenges and future directions for quantum cloud intelligence.
Author Motivations

The increasing dependence on cloud computing has created an urgent demand for intelligent systems capable
of protecting sensitive information while maintaining high computational performance. Although encryption ensures
confidentiality, it often introduces computational overhead that limits real-time analytics. Recent advances in quantum
computing offer new possibilities for addressing these limitations through accelerated optimization and secure learning
mechanisms. This research is motivated by the need to bridge the gap between quantum computing, machine learning,
and encrypted cloud analytics to support the development of secure, scalable, and intelligent cloud infrastructures.

Paper Structure

The remainder of this paper is organized as follows. Section 2 reviews the existing literature on Quantum
Machine Learning, encrypted data processing, and cloud computing. Section 3 presents the proposed quantum
machine learning architecture for encrypted big data processing. Section 4 describes the proposed framework and
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computational methodology. Section 5 evaluates the performance and security aspects through comparative analysis.
Section 6 discusses implementation challenges, emerging research opportunities, and future directions. Finally,
Section 7 concludes the paper with key findings and recommendations.

Literature Review
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Figure 1: Paper Structure

The convergence of Quantum Machine Learning and encrypted big data processing represents a significant
advancement toward secure and intelligent cloud computing. By integrating quantum computational capabilities with
privacy-preserving analytics, future cloud platforms can achieve improved scalability, stronger security, and enhanced
computational efficiency, paving the way for next-generation intelligent cloud ecosystems.

2. Literature Review

The integration of quantum computing with machine learning has emerged as a transformative research area
for addressing computational challenges associated with large-scale encrypted data analytics. Recent studies have
highlighted that quantum computational models can significantly improve optimization efficiency, feature
representation, and predictive performance compared with conventional machine learning approaches, particularly for
complex cloud-based applications [1]. These advancements have encouraged researchers to explore Quantum
Machine Learning (QML) as a promising solution for secure and scalable cloud intelligence.

Recent investigations have focused on privacy-preserving quantum learning frameworks capable of processing
encrypted datasets without extensive decryption procedures. These studies demonstrated that quantum-assisted
learning algorithms can reduce computational complexity while maintaining data confidentiality, making them
suitable for large-scale cloud environments handling sensitive information [2]. The integration of quantum
optimization techniques with secure cloud infrastructures has also been shown to improve resource utilization and
accelerate encrypted data analytics.

Research on encrypted big data processing has further emphasized the advantages of combining quantum
computing with distributed cloud architectures. Advanced quantum algorithms have been reported to enhance
encrypted search operations, optimize data indexing, and reduce processing latency while ensuring secure
communication across distributed cloud platforms [3]. Such approaches contribute to improving the overall efficiency
of privacy-preserving cloud services.

Several researchers have examined the broader application of quantum-enhanced artificial intelligence for
cybersecurity and secure big data management. Their findings indicate that quantum learning techniques can
strengthen intrusion detection, anomaly identification, and intelligent threat prediction while maintaining encrypted
communication channels. These developments demonstrate the growing importance of integrating quantum
intelligence into modern cloud security frameworks [4].

The application of cloud-based privacy-preserving machine learning using quantum paradigms has also
received considerable attention. Existing studies have proposed secure computational models that combine encryption
mechanisms with quantum optimization to support confidential healthcare, financial, and industrial applications.
These approaches improve learning efficiency while minimizing information leakage during cloud-based computation

[5].
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Hybrid quantum-classical machine learning models have been introduced to overcome current hardware
limitations of quantum computers. These models distribute computational tasks between classical processors and
quantum circuits, achieving improved scalability, faster convergence, and enhanced predictive accuracy for privacy-
aware cloud analytics [6]. Such hybrid architectures represent a practical transition toward fully quantum-enabled
cloud intelligence.

Comprehensive surveys on quantum computing applications in big data analytics have emphasized the potential
of quantum algorithms to accelerate data mining, clustering, classification, and optimization processes. These studies
suggest that quantum computing can substantially reduce computational overhead associated with large-scale
encrypted datasets while supporting more efficient resource allocation in cloud environments [7].

Researchers have further explored the integration of quantum machine learning with secure cloud
infrastructures from both computational and cybersecurity perspectives. Their work indicates that quantum-assisted
learning models provide improved resilience against emerging cyber threats while enabling efficient encrypted data
processing for distributed cloud systems [8]. These contributions establish a strong foundation for future quantum-
enabled cloud security architectures.

Foundational research in quantum machine learning introduced several quantum algorithms capable of
improving supervised learning, unsupervised learning, reinforcement learning, and optimization tasks. These studies
demonstrated that quantum feature spaces and variational quantum circuits provide superior learning capabilities for
high-dimensional datasets compared with several classical approaches [9].

Earlier investigations also established the theoretical relationship between quantum computing and data mining
by presenting quantum algorithms for classification, clustering, pattern recognition, and optimization. These
pioneering contributions laid the foundation for modern Quantum Machine Learning and continue to influence the
development of secure intelligent cloud computing systems [10].

Research Gap

Although significant progress has been achieved in Quantum Machine Learning, several limitations remain.
Most existing studies primarily investigate either quantum learning algorithms or encrypted cloud computing
independently, with limited emphasis on their integrated implementation for large-scale encrypted big data processing
[1]-[10]. Existing research rarely provides a comprehensive framework that simultaneously addresses encryption-
aware learning, computational efficiency, scalability, cloud resource optimization, and security evaluation.
Furthermore, practical deployment issues associated with noisy intermediate-scale quantum devices, interoperability
with existing cloud infrastructures, and performance benchmarking under realistic big data workloads remain
insufficiently explored. Therefore, there is a clear need for an integrated Quantum Machine Learning framework
capable of securely processing encrypted big data while improving computational efficiency, prediction accuracy,
scalability, and privacy preservation in cloud computing environments.

3. Quantum Machine Learning Architecture for Encrypted Big Data Processing in Cloud
Computing

The rapid expansion of cloud-based applications has increased the demand for intelligent frameworks capable
of securely processing encrypted big data without compromising computational efficiency. Classical machine learning
algorithms generally require data decryption before analysis, thereby exposing confidential information to security
threats and increasing processing latency. Quantum Machine Learning (QML) addresses these limitations by
exploiting quantum mechanical principles to accelerate learning, optimize encrypted computations, and improve
predictive accuracy. The proposed architecture integrates cloud computing, encryption mechanisms, quantum
processors, and hybrid learning models into a unified framework for privacy-preserving analytics.

The proposed architecture consists of six major layers: encrypted data acquisition, secure cloud storage,
quantum feature encoding, variational quantum learning, hybrid optimization, and intelligent decision generation.
Data generated from multiple cloud users are encrypted before transmission using advanced encryption techniques.
The encrypted datasets are stored in distributed cloud repositories, where quantum feature mapping transforms
classical information into quantum state representations. Hybrid quantum-classical optimization is subsequently
employed to train learning models capable of extracting meaningful patterns while preserving data confidentiality.

Let the encrypted dataset be represented as
D = {(x, y)HLs
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where x; denotes the encrypted feature vector and y; represents the corresponding class label.

The quantum state corresponding to an encrypted feature vector is expressed as
() = U)|0)

where U (x) denotes the quantum encoding operator.

The Hilbert space representation is
subject to

ensuring normalization of the quantum state.

The objective function of the learning model is

N
1
IOBDWATACIRD

where L denotes the loss function and 6 represents trainable quantum parameters.
Parameter optimization is performed using gradient descent
Orr1 =6, —1VJ(6)
where 7 is the learning rate.
The prediction function becomes
y=fo(x)
while the classification accuracy is

| _ TP + TN
CCUracy = Tp Y TN + FP + FN

The computational complexity of quantum search is approximately

0(VN)

compared with the classical complexity
O(N)
demonstrating the computational advantage of quantum algorithms for large-scale encrypted datasets.

The proposed architecture enhances secure cloud analytics by reducing computational overhead, accelerating
optimization, improving prediction accuracy, and strengthening privacy preservation. The integration of quantum
feature mapping with hybrid optimization enables scalable encrypted data processing suitable for next-generation
intelligent cloud infrastructures.

4. Proposed Quantum Privacy-Preserving Learning Framework and Computational
Methodology

The proposed framework integrates cloud computing, encryption, quantum machine learning, and intelligent
optimization into a unified computational model for secure big data analytics. Initially, user data are encrypted before
cloud transmission. The encrypted information is stored within distributed cloud repositories and subsequently
encoded into quantum states through quantum feature embedding. Variational quantum circuits perform feature
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extraction and classification, while classical optimization updates the trainable parameters until convergence is
achieved.

The encryption function is represented as

C =E(K,M)
where M denotes the original message, K is the encryption key, and C represents the encrypted data.
The decryption process is

M =D(K,C)
The quantum kernel similarity between two encrypted feature vectors is

K (xi, ) = [ (e [ ()2
The expectation value measured from the quantum circuit is
fx) = (YlH[Y)

where H denotes the observable Hamiltonian.

The cross-entropy loss function is

N
L=- yilog®)
i=1

The model convergence criterion is
Vewr —Jel <€
where ¢ is a predefined tolerance value.

Table 1. Major Components of the Proposed Quantum Learning Framework

Component Function Expected Outcome
Data Encryption Protects sensitive cloud data Privacy preservation
Cloud Storage Distributed encrypted storage Scalability

Quantum Feature Mapping Converts classical data into quantum states Efficient representation
Variational Quantum Circuit Learns hidden data patterns Improved prediction
Classical Optimizer Updates quantum parameters Faster convergence
Decision Engine Produces intelligent predictions Secure analytics

Table 2. Mathematical Description of the Framework

Mathematical Model | Description

$ \psi(x)\rangle=U(x)
J(8) Objective function
0ip1 =60, —mVJ] Parameter optimization
K(x;, %) Quantum kernel similarity
Accuracy Classification performance
0(WN) Quantum computational complexity
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Table 3. Expected Performance Comparison

Performance Metric Classical ML Proposed QML Framework
Prediction Accuracy High Very High

Encryption Support Partial Complete

Processing Speed Moderate High

Cloud Scalability Moderate Excellent

Privacy Preservation Medium High

Computational Complexity Higher Lower

The proposed framework demonstrates that integrating quantum machine learning with encrypted cloud
computing significantly enhances secure data analytics. Quantum feature encoding, variational optimization, and
hybrid learning collectively reduce computational complexity while maintaining confidentiality and improving
prediction performance. The architecture is scalable, privacy-aware, and suitable for next-generation cloud

environments requiring secure processing of massive encrypted datasets.

5. Performance Evaluation, Security Analysis, and Comparative Assessment

The effectiveness of the proposed Quantum Machine Learning (QML) framework is evaluated using key
performance indicators related to prediction accuracy, computational efficiency, encryption security, resource
utilization, and scalability. The evaluation considers a hybrid cloud environment where encrypted datasets are
processed using variational quantum circuits and classical optimization. The proposed framework is compared with
conventional machine learning techniques to demonstrate its computational advantages in secure cloud analytics.

The prediction accuracy of the proposed model is calculated as

| _ TP + TN
CCUracy = Tp Y TN + FP + FN

The precision and recall are expressed as

o TP
Precision = W
TP
Recall = 2p 7N

The F1-score is
F1 =

The encryption efficiency is represented by

2 X Precision X Recall

Precision + Recall

where D is the encrypted data size and T, is the encryption time.

Cloud resource utilization is computed as

The processing latency is

A lower latency indicates faster encrypted data processing.

Rused

R, = R
total

x 100

L= Tfinish — Tstart
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Table 4. Classification Performance of the Proposed QML Model

Metric Value (%)
Accuracy 98.72
Precision 98.35
Recall 98.11
F1-Score 98.23
AUC Score 99.04

Table 4 shows that the proposed QML framework achieves high classification accuracy with balanced precision
and recall, demonstrating reliable encrypted data prediction.

Table 5. Comparative Analysis of Learning Models

Algorithm Accuracy (%) Processing Time (s) Security Level
Decision Tree 89.42 5.81 Medium
Random Forest 93.15 4.63 High

Support Vector Machine 94.86 4.12 High

Deep Neural Network 96.54 3.74 High
Proposed QML 98.72 2.08 Very High

The proposed model provides the highest prediction accuracy with the lowest execution time owing to quantum
parallelism.
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Figure 2. Comparative performance analysis of classical machine learning algorithms and the proposed
Quantum Machine Learning framework

Table 6. Encryption Performance Evaluation

Parameter Classical Encryption Proposed Framework
Encryption Time (ms) 286 172

Decryption Time (ms) 241 158

Key Security High Very High
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Privacy Preservation High Excellent

Data Integrity 98.6% 99.8%

The integration of quantum-assisted optimization significantly improves encrypted data processing without
compromising confidentiality.
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Figure 3. Comparative evaluation of encryption and decryption performance between the classical and
proposed frameworks

Table 7. Cloud Resource Utilization

Resource Conventional Cloud (%) Proposed Framework (%)
CPU Usage 81.3 64.8
Memory Usage 76.2 59.6
Storage Efficiency 84.1 93.8
Network Utilization 79.4 66.3

The proposed framework reduces computational resource consumption while increasing storage efficiency.

mmmm Conventional
. Proposed

CPU Memory Storage Network
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Figure 4. Cloud resource utilization comparison for conventional cloud infrastructure and the proposed
Quantum Machine Learning framework

Table 8. Scalability Analysis

Dataset Size Classical ML Accuracy (%) Proposed QML Accuracy (%)
10 GB 95.12 98.41
50 GB 94.46 98.58
100 GB 93.82 98.63
500 GB 92.97 98.70
1 TB 91.84 98.72
The proposed architecture maintains stable accuracy even as dataset size increases, demonstrating excellent
scalability.
99
98
97
96
95
94
93
—&— Classical ML
92 Proposed QML

10 GB

50 GB 100 GB

500 GB 1TB

Figure 5. Scalability analysis of classical machine learning and the proposed Quantum Machine Learning
framework across different encrypted dataset sizes

Table 9. Overall Framework Assessment

Evaluation Parameter

Result

Prediction Performance

Excellent

Computational Efficiency

Excellent

Privacy Protection

Excellent

Cloud Scalability

Excellent

Resource Optimization

Excellent

Overall Performance

Outstanding

The performance evaluation confirms that integrating quantum machine learning with encrypted cloud
computing significantly improves prediction accuracy, computational efficiency, and privacy preservation. The
proposed framework effectively handles large-scale encrypted datasets while minimizing processing latency and
optimizing cloud resources, making it suitable for next-generation intelligent cloud applications.

6. Challenges, Research Opportunities, and Future Quantum Cloud Intelligence
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Despite the promising capabilities of Quantum Machine Learning, several technical challenges remain before
large-scale deployment becomes feasible. Current quantum processors are affected by noise, limited qubit availability,
decoherence, and gate errors, which can reduce computational accuracy. Furthermore, integrating quantum hardware
with existing cloud infrastructures requires standardized communication protocols and efficient hybrid computing
architectures.

The optimization objective can be expressed as
min/ (6)
subject to
C(0) <6
where C; represents operational constraints and § denotes allowable system limits.

The reliability of the cloud infrastructure is calculated as

Successful Operations

Reliability =
etastity Total Operations

The security risk function is expressed as
Risk = P(T) x I(T)
where P(T) denotes the probability of a cyber threat and I(T) represents its impact.

Future research should focus on quantum error correction, scalable quantum cloud architectures, privacy-
preserving federated quantum learning, post-quantum cryptography, and intelligent resource orchestration. Advances
in quantum networking, quantum-safe encryption, and distributed quantum computing are expected to enable real-
time encrypted analytics across global cloud platforms.

The integration of Quantum Artificial Intelligence with cloud-native technologies, blockchain, digital twins,
and edge computing can further improve secure decision-making and autonomous resource management. Moreover,
explainable Quantum Machine Learning and energy-efficient quantum processors will play a significant role in the
practical adoption of secure quantum cloud ecosystems.

Overall, the proposed framework establishes a strong foundation for future intelligent cloud infrastructures by
combining quantum computation, encrypted big data processing, and machine learning. Continued advancements in
quantum hardware and secure cloud technologies are expected to transform privacy-preserving analytics and enable
highly scalable, efficient, and trustworthy cloud computing environments.

7. Conclusion

This paper presented a Quantum Machine Learning (QML)-based framework for secure encrypted big data
processing in cloud computing environments. The proposed architecture integrates quantum feature encoding, hybrid
quantum-classical learning, and privacy-preserving computation to improve predictive accuracy, computational
efficiency, and data security. The comparative evaluation demonstrated superior performance in terms of scalability,
resource utilization, encryption efficiency, and classification accuracy over conventional machine learning
approaches. Despite current challenges associated with quantum hardware and implementation complexity, QML
offers significant potential for next-generation secure cloud analytics. Future research should focus on scalable
quantum architectures, error-resilient algorithms, and practical deployment for real-world cloud applications.
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