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Abstract: Cloud-edge collaborative computing combines the powers of cloud computing with edge processing to 

enable real-time, secure handling of data. Leveraging advanced techniques like artificial intelligence, generative 

adversarial networks, trusted execution environments, tiny data centers, and cloud-oriented DevOps methods aims to 

boost efficiency, security, and scalability. This study examines their joint abilities to address vulnerabilities, latency 

issues, and challenges with scaling in hybrid systems. The research applies artificial intelligence for dynamic 

optimization utilizes generative adversarial networks for the secure synthesis of data, employs trusted execution 

environments for strengthening hardware security, deploys tiny data centers to reduce latency, and adopts cloud-

oriented DevOps approaches for enhancing operational efficiency. It assesses performance using key metrics such as 

accuracy, efficiency, and scalability. The goals are to boost cloud-edge system security using AI and GANs, scalability 

with micro data centers, privacy with TEEs, and deployment processes through cloud-oriented DevOps to accomplish 

efficient, safe hybrid computing. The proposed technologies that combine AI, GANs, TEEs, tiny data centers, and 

DevOps achieved 96% accuracy and 95% efficiency, exceeding the outputs of existing methods across all parameters 

and demonstrating suitability for secure, scalable, and adaptable cloud-edge computing systems. The amalgamation of 

AI, GANs, TEEs, micro data centers and DevOps dramatically enhances the security, scalability, and efficiency of cloud-

edge computing, laying the foundation for future hybrid systems while addressing current weaknesses. 

Keywords: cloud-oriented DevOps, micro data centers, trusted execution environments, artificial intelligence, GANs, 

and cloud-edge computing. 

 

http://www.jausmt.org/
mailto:aceng.sambs@gmail.com


 ORIGINAL ARTICLE  Securing Cloud-Edge Collaborative Computing with AI, GANs, TEEs, Micro Data Centers, and Cloud-Oriented DevOps for Privacy 
Protection 

www.jausmt.org  2       auSMT Vol. 15 No.1 (2025) 

Copyright © 2024 International Journal of Automation and Smart Technology 

Introduction 

     An advanced technological framework designed to 

meet the ever-growing demand for highly secure, efficient, 

and scalable computational systems. The convergence of 

cloud and edge infrastructure has revolutionized data 

handling, yielding lower latency, increased dependability, 

and real-time responsiveness. In their paper, Gu et al. [1] 

argue that from the viewpoint of collaborative cloud-

edge-terminal networks, the vision to bring near-instant 

and very reliable services might be obtained by discussing 

how deep reinforcement learning and multi-agent deep 

reinforcement learning tackles challenges including job 

distribution, resource allotment, and mobility 

administration within dynamic multidimensional 

environments characterized by continuous fluctuations. 

Deep reinforcement learning (DRL) automates job 

distribution by intelligently assigning tasks in real-time, 

improving efficiency in collaborative networks. Multi-

agent deep reinforcement learning (MADRL) enables 

resource allocation and mobility management by 

coordinating multiple agents, balancing workloads, and 

adapting to dynamic conditions. Together, they enhance 

scalability and adaptability in cloud-edge-terminal 

systems. However, the highly interdependent nature of 

cloud, edge, and endpoint devices leaves such systems 

open to serious threats to individual privacy and network 

security. This book introduction explores some of the 

most important aspects of collaborative cloud-edge 

computing, highlighting the part emerging technologies 

like artificial intelligence, generative adversarial networks, 

trusted execution environments, micro data centers, and 

cloud-oriented DevOps play in building defences and 

preserving confidentiality. The Cloud-edge-endpoint 

integration risks include data breaches, MITM attacks, and 

compromised devices. Strong encryption, TEEs, and AI-

driven security enhance protection. Standardized 

frameworks and strict access controls improve system 

resilience. 

Cloud-edge computing aims to merge the 

computational might of remote data centers with the real-

time processing talents of local devices. Recent advances 

in AI, notably reinforcement learning and federated 

learning, have enabled these blended frameworks to 

intelligently share resources, schedule jobs, and 

accurately spot anomalies. Federated learning improves 

data privacy and reduces latency by enabling local model 

training without data sharing. Blockchain ensures data 

integrity and secure resource management through 

decentralized ledgers and smart contracts. Collaborative 

scheduling optimizes latency and resource utilization by 

dynamically allocating tasks across edge nodes efficiently. 

In a recent study, Kao et al. [2] investigated hybrid 

quantum-classical GANs for small molecule medication 

development, employing variable quantum circuits to 

enhance physicochemical properties and outperform 

traditional designs, though concerns remain regarding 

molecular individuality. Through enhanced molecular 

property optimization, accelerated drug discovery, and 

highly accurate generation of new compounds, hybrid 

quantum-classical GANs improve small molecule drug 

development. However, molecular individuality is 

impacted by issues such as hardware constraints, 

chemical validity, and quantum noise. Unlocking their full 

potential in precision medicine will require developing 

hybrid models and improving quantum hardware. GANs 

are incredibly proficient at generating secure and privacy-

preserving data sets, replicating various circumstances, 

and improving system training. Meanwhile, Le et al. [3] 

demonstrated a cross-process spectrum attack on RISC-V 

processors with a Trust Execution Environment (TEE), 

which unveiled cache leakage and emphasized the 

necessity of a more detailed security analysis of RISC-V 

TEEs. Cross-process spectrum attacks on RISC-V TEEs 

exploit cache vulnerabilities, compromising data security. 

Mitigations include cache partitioning, memory 

encryption, and constant-time algorithms, supported by 

regular security audits and GAN-based testing. TEEs 

provide a hardware-based security base that 

authenticates data confidentiality and integrity at runtime. 

Micro data centers, located more strategically near 

sources of information, eliminate latency and enhance 

bandwidth use, whereas cloud-oriented DevOps improves 

system dependability, flexibility, and efficiency in 

operations. The framework integrates AI security, GAN-

based data synthesis, TEEs, micro data centers, and cloud 

DevOps for improved security, efficiency, and scalability. It 

offers adaptive security and optimized resource use. With 

96% accuracy and 95% efficiency, it outperforms 

traditional methods. 

The objectives are as follows. 

 Improve security in hybrid cloud-edge systems 

using powerful AI and GANs. 

 TEEs help to establish trust and privacy. 

 Micro data centers can help to improve system 

efficiency and scalability. 

 Cloud-oriented DevOps can help you optimize 

your deployment and operations 

Literature Survey 

     The system proposed by Surendar [4] (2024) is a 

high-tech agricultural system integrating IoT and cloud 

computing to develop a smart irrigation system with the 

purpose of achieving food security. It allows for real-time 
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water resource monitoring and control with the potential 

to optimize irrigation efficiency. The system does so by 

promoting agriculture, embracing high-technology 

techniques, and ensuring optimal water usage and crop 

yields. 

Fang et al. [5] proposed their new gold sequence-

based secure network coding scheme, which solves the 

constraints of cloud-edge-terminal collaboration for 

artificial intelligence of things applications. Their method 

achieved higher security, complexity, and efficiency 

compared to the existing solutions by using security 

techniques along with optimized resource allocation. The 

gold sequence-based secure network coding approach 

guarantees smooth cloud-edge-terminal collaboration, 

optimizes resource allocation, and improves AIoT security. 

It lowers latency, improves dependability, and keeps 

unwanted access at bay. In AIoT applications, this 

enhances effectiveness, scalability, and real-time 

response. 

Tan et al. [6] proposed an intelligent and risk-averse 

cloud-edge encryption solution for industrial teamwork. 

Combining adaptive encryption, credibility evaluation, 

and threat detection, it further fortified security, trust, 

and data transmission efficiency in a balanced manner. 

The risk-averse cloud-edge encryption solution enhances 

security, trust, and efficiency through adaptive encryption, 

credibility evaluation, and AI-driven threat detection. 

Lightweight cryptography ensures fast, secure data 

transmission, while decentralized key management 

prevents breaches. This strengthens cloud-edge 

collaboration with robust protection and reliability. 

Adaptive encryption balances security and performance 

by dynamically modifying encryption strength based on 

real-time scenarios. By evaluating the dependability of 

persons, devices, and data, credibility evaluation protects 

against unwanted access. They work together to make 

industrial teamwork safe and effective in dynamic cloud-

edge situations. 

Mohan [7] explains how cloud-based CRM systems 

have an impact on the success of e-business. The paper 

explores how integrating cloud technology in CRM 

enhances customer interaction, makes business 

operations smoother, and offers scalable solutions for 

online businesses. According to the author, the integration 

of cloud-based CRM is important to stay ahead of the 

game in the competitive digital marketplace. 

Focusing on augmenting cloud computing for 

improved massive data handling, Dharma Teja Valivarthi 

[8] emphasized that effective resource administration, 

data protection, energy conservation, and automation 

were pivotal to guaranteeing scalability, reliability, and 

cost reduction across diverse applications. Cloud 

computing is made more scalable and cost-effective by 

effective resource management, robust data security, and 

energy saving. Green computing, encryption, and load 

balancing powered by AI maximize security and 

performance. These tactics guarantee sustainable large-

scale data handling, minimal latency, and lower expenses. 

Himabindu [9] studies the improvement of test 

generation through the combination of pre-trained 

language models with evolutionary algorithms. The 

empirical study reveals that this hybrid approach 

enhances the efficiency and effectiveness of automated 

test generation, leading to higher code coverage and 

better fault detection in software testing processes. 

Rupanetti and Kaabouch [10] explored integrating 

edge computing and artificial intelligence within the 

Internet of Things systems. The integration of AI and edge 

computing in IoT boosts security through real-time threat 

detection and on-device data processing, enhancing 

privacy. It also ensures greater scalability and adaptability, 

improving system resilience. This approach minimizes 

cloud reliance and strengthens data integrity. 

Concentrating on enhanced security, privacy, extensibility, 

and trust mechanisms helped combat emerging risks in 

Internet of Things networks. 

Swapna [11] introduced a blockchain-based 

approach to verify data integrity in multi-cloud storage 

environments, utilizing chain-code and Hash Verification 

Technique (HVT). This method ensures secure, 

transparent, and efficient validation of data across 

multiple cloud platforms, enhancing trustworthiness and 

reliability in cloud storage systems. 

Zangana et al. [12] discussed recent progress in 

decentralized edge computing. By highlighting federated 

learning, blockchain, and collaborative scheduling, it 

enhanced latency, resource management, data privacy, 

and security for Internet of things applications. 

Deevi et al. [13] examine how the digital economy 

influences industrial structure upgrading and sustainable 

entrepreneurial growth. Their study proposed a model 

where sustainable entrepreneurial growth mediated the 

relationship between the digital economy and industrial 

advancement, with the emphasis on the necessity of 

entrepreneurship fostering to maximize the benefits of 

digitalization on industrial development. 

Periola [14] proposed an architecture leveraging 

surplus renewable energy from expansive farms to power 

modular data centers. The Modular data centers with 

sophisticated energy management for real-time demand 

and excess renewable energy boost efficiency through the 

use of solar, wind, or hydro power. In order to maximize 

connectivity and minimize latency, they balance 

workloads. For cloud-edge computing, this decentralized 

method guarantees sustainability and reduces carbon 

emissions. This increased power availability by 78.3% 
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while communication epochs rose by 49.7%. 

Akhil et al. [15] hybridize multi-special decision-

making approach combined with an anti-theft 

probabilistic method for cloud-based e-commerce 

systems. This approach enhances the decision accuracy 

and bolsters security measures against fraudulent 

activities for optimizing the overall system performance 

and reliability in the e-commerce sector. 

Morbitzer et al. [16] suggested a solution for 

runtime attestation in cloud environments. Employing 

control-flow attestation and dual trusted execution 

environments preserved service integrity while 

minimizing overhead. The integration of dual trusted 

execution environments (TEEs), runtime attestation, and 

control-flow attestation improves cloud security by 

confirming execution integrity and thwarting unwanted 

changes. TEEs shield sensitive computations from 

attackers by offering separated, encrypted environments. 

This multi-pronged strategy enhances compliance, fends 

off sophisticated attacks, and guarantees effective, safe 

cloud-edge computing. A dual-TEE-based data 

deduplication strategy enhances cloud storage by securely 

isolating sensitive operations, reducing attack risks, and 

ensuring data integrity. It optimizes resource usage by 

eliminating redundancy and accelerating deduplication 

processes, improving overall efficiency and security. 

Verma [17] put forth a dual-trusted execution 

environment-based data deduplication strategy for cloud 

storage. It strengthened security and efficiency by 

decreasing redundancy, warding off attacks, and 

outperforming prior approaches. 

Dharma [18] is a paper on strategies for 

improvement in cloud computing for big data processing. 

This includes efficiency, scalability, and cost-effectiveness. 

Effective techniques for resource management include 

load balancing, auto-scaling, and dynamic resource 

allocation. Robust protocols for data security, energy-

efficient procedures, and system reliability have to be 

included to optimize cloud environments to handle 

extensive data workloads. The microdata centers reduce 

bandwidth costs and improve efficiency but require high 

initial investment and maintenance. The TEEs provide 

strong security with higher costs and performance 

overhead. The microdata centers scale effectively, while 

TEEs face scalability challenges in multi-tenant setups, 

which DevOps practices can address. 

Rajya Lakshmi Gudivaka's [19] study depicted a 

cloud-founded robotic system using robotic process 

automation to assist elderly individuals and others with 

cognitive impairments. The Deep learning models in 

cloud-based robotic systems provide personalized 

assistance, enhance environment understanding, and 

enable real-time adaptation. They support individuals 

with cognitive impairments by fostering autonomy and 

reducing caregiver dependency. With 97.3% accuracy 

from sophisticated deep learning models for behaviour 

and object recognition, it enhanced carer support and 

end-user autonomy but required consistent online 

connectivity. 

Poovendran [20] conducted a systematic literature 

review on the application of Elliptic Curve Cryptography 

(ECC) for encrypting data sharing in cloud computing. The 

study outlined the advantages of ECC, which include 

strong security, reduced key sizes, and faster processing, 

making it an effective encryption technology for 

safeguarding data in cloud environments. 

Lin et al. [21] examined utilizing generative 

adversarial networks in transportation. Discussing 

applications for autonomous driving, traffic anomaly 

detection, data fabrication, and spatiotemporal 

examination, they also considered challenges and future 

possibilities. 

Vijaykumar [22] introduces a holistic multimodal 

approach for the development of adaptation strategies 

that build resilience in uncertainty and change. The 

research combines qualitative and quantitative methods, 

focusing on stakeholder involvement, data gathering and 

analysis, risk assessment, adaptation strategy design, and 

constant review and monitoring to address intricate 

challenges. 

Von Suchodoletz et al. [23] recommended 

developing a customizable cloud-based science gateway 

for the Data PLANT consortium. Integrating on-premises 

installations and NFDI infrastructure with Datahub 

supporting research data management workflows 

throughout the research lifecycle. 

Swapna [24] discusses the implementation of the 

Triple Data Encryption Standard (Triple DES) algorithm for 

enhancing data security in cloud computing environments. 

The paper provides the encryption and decryption 

process, key management protocols, and performance 

optimization strategies, with a focus on the effectiveness 

of Triple DES in securing sensitive information against 

unauthorized access and cyber threats. 

Methodology 

To securely collaborate cloud and edge computing, 

this exploration employs a multidimensional approach 

integrating AI, GANs, TEEs, micro data centers, and cloud-

centric DevOps. AI optimizes resource allocation and 

security, though GANs maximize information privacy. TEEs 

allow safe execution, mini-data facilities decrease latency, 

and cloud-centric DevOps accelerates secure deployment 

processes, all of which contribute to a robust foundation 

for privacy protection. Integrating AI, GANs, TEEs, micro 
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data hubs, and DevOps enhances scalability and security 

in cloud-edge platforms. AI optimizes resources, GANs 

ensure data privacy, TEEs secure execution, and micro 

data hubs reduce latency. DevOps streamlines 

deployments, creating a flexible and resilient system. 

The sewerage infrastructure is critical for public 

health and the environment. Premature pipe 

replacements may occur if there are inspection gaps. 

Conventional inspection methods use 2D images, while 

modern sensor technology provides advanced 3D defect 

classification. This dataset of synthetic and real 3D point 

clouds of sewer pipes comprises defects introduced and 

recorded in laboratory environments. 

 

 
Figure 1. Using AI-Driven privacy, TEEs, GANs, and a cloud-oriented 
DevOps framework to secure cloud-edge collaboration. 

Figure 1 portrays a risk-free workflow initiated with 

information accumulation from IoT devices. The AI-driven 

security optimization uses reinforcement learning with a 

reward function balancing security, latency, and resource 

use. WGAN with gradient penalty ensures stable training 

and privacy. It’s implemented with TensorFlow/PyTorch, 

federated learning datasets, hyperparameter tuning, and 

TEEs for secure AI execution. Following preprocessing and 

feature extraction, generative adversarial systems (GANs) 

cultivate information to improve coaching. The GANs 

enhance data privacy in cloud-edge AI by generating 

synthetic data for secure training. They reduce data 

leakage and improve federated learning. Integration with 

TEEs strengthens security and efficiency. TEEs furnish 

protected calculating and design reliability. Cloud-based 

mostly DevOps facilitates deployment, whereas 

categorization tasks use edge and cloud fashions. Overall 

performance analysis guarantees privacy-protecting 

techniques have excessive accuracy, precision, recollect, 

and low latency. 

Artificial Intelligence (AI) for Security Optimization 

AI applies machine studying types to spot dangers, 

dynamically allocate assets, and ensure data integrity in 

cloud-based methods. Deep reinforcement studying (DRL) 

and federated studying manage the complexities of 

process scheduling and information privacy, permitting 

real-time, adaptive responses to security issues whilst 

minimizing computational price. The DRL optimizes cloud-

edge security by dynamically allocating resources, 

detecting threats in real time, and intelligently scheduling 

tasks. It enhances efficiency, reduces latency, and ensures 

adaptive threat response. Its self-learning capabilities 

improve scalability and proactive defense. 
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This equation calculates an optimization objective L 

such as latency or cost, using weights wi and utilization 

functions ui(x) for each resource. 

Generative Adversarial Networks (GANs) 

GANs employ practical, privacy-preserving datasets 

to coach safe AI models without exposing touchy 

information. Using automation, continuous integration 

and delivery (CI/CD), and tools like Docker and Kubernetes, 

cloud-based DevOps simplifies the safe implementation of 

privacy-preserving strategies in cloud-edge systems. It 

uses Infrastructure as Code (IaC) to protect privacy and 

incorporates AI-driven security for real-time threat 

detection. This method improves efficiency, security, and 

scalability in group settings. A GAN consists of a generator 

that generates synthetic records and a discriminator that 

distinguishes between real and faux records, ensuring the 

fee of synthetic records even as shielding user privacy. 

 

 

   

   

   

 
 

( )

( )

minmax E log

E log 1

data

z

x p x
G D

z p z

D x

D G z
     (2) 

 

The equation balances the adversarial game 

between the generator 𝐺  (minimizing loss) and 

discriminator 𝐷  (maximizing loss) to generate realistic 

synthetic data. The GANs generate synthetic datasets that 

protect privacy while enabling secure AI model training in 

cloud-edge systems. They enhance federated learning, 

reduce data-sharing risks, and mitigate data scarcity. 

Additionally, GANs strengthen cybersecurity by simulating 

threats for AI-based defense models. 

Trusted Execution Environments (TEEs) 

The TEEs ensure secure multi-tenant cloud-edge 

computing through hardware isolation, memory 

encryption, and strict access controls. Remote attestation 

verifies computation integrity, while secure multi-tenancy 
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prevents data leaks. These mechanisms enhance trust, 

confidentiality, and resilience against cyber threats. TEEs 

shield touchy calculations using isolating information and 

processes in a safe hardware enclave. This technique 

inhibits unauthorized right of entry to all through 

execution; thus, it improves the integrity of operations 

across cloud-edge systems, particularly in multi-tenant 

environments. In cloud-edge systems, integrating security 

protocols with agile DevOps guarantees quick and safe 

software delivery. In CI/CD pipelines, automated security 

checks find vulnerabilities early, and IaC enforces secure 

setups. System resilience and threat detection are 

improved by AI-driven monitoring. 

 

  S H D E                (3) 

where, hash H ensures the integrity of the secure 

execution state S, derived from data D and execution 

instructions E. 

Micro Data Centers for Latency Reduction 

Microdata facilities address records closer to their 

supply, reducing latency and increasing bandwidth 

utilization. These centers disperse computing burdens 

over cloud-edge networks, thereby allowing real-time 

responses from IoT and AIoT packages. The Micro data 

centers reduce latency by processing data near its source, 

minimizing reliance on distant cloud servers. They enable 

real-time data handling for fast, efficient applications like 

IoT and smart cities. This improves bandwidth use, fault 

tolerance, and data security. 

 

  total edge network cloudT T T T            (4) 

 

Explanation: This equation computes the total 

latency Ttotal as the sum of processing times at the edge, 

network, and cloud layers. 

Cloud-Oriented DevOps for Secure Deployments 

This approach of DevOps tries to combine security 

protocols with agile approaches to ensure rapid and 

dependable software delivery in cloud-edge systems. 

Continuous integration and delivery pipelines automate 

an interdisciplinary approach combines AI, cybersecurity, 

networking, and DevOps to address security, latency, and 

scalability challenges in cloud-edge computing. AI 

enhances threat detection, cybersecurity strengthens 

data protection, and networking improves 

communication efficiency. DevOps streamlines 

deployment, ensuring a resilient and adaptive system. 

vulnerability assessments and compliance checks, hence 

ensuring strong security postures. Cloud-oriented DevOps 

boosts cloud-edge systems with improved reliability, 

flexibility, and efficiency through automation and 

continuous monitoring. It strengthens security and 

supports scalable, responsive infrastructures, aligning 

with high-performance outcomes. 
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The total security cost C is the sum of risk mitigation (Ri), 

protection (Pi), and auditing (Ai) expenses. 

 
Algorithm 1 Generative Adversarial Networks for Privacy-Preserving and 
Secure Synthetic Data Generation in Cloud Systems 

 

Algorithm 1 approach uses GANs to produce 

synthetic data, preserving user privacy while improving 

security. It iteratively trains a generator-discriminator pair, 

preserving data integrity while protecting against 

breaches, allowing for secure AI model training in cloud-

edge situations. 

Performance metrics 

Table 1 Performance metrics comparison of AI, GANs, TEEs, micro data 
centers, and DevOps. 

Algorithm 

Input: Real data \(D_{real}\), Noise \(Z\), Learning rate \(\alpha\) 

Output: Synthetic privacy-preserving data \(D_{synthetic}\) 

Initialize generator \(G\) and discriminator \(D\) with random 

weights. 
While training criteria not met Do 
Sample batch of real data \(X \sim D_{real}\) 

Sample batch of noise \(Z \sim p_z(z)\) 
Compute discriminator loss: 
\(L_D = -\frac{1}{m} \sum_{i=1}^{m} [\log D(X_i) + \log(1 - 

D(G(Z_i)))]\) 
Update discriminator weights: \(W_D = W_D - \alpha \cdot 
\nabla_{W_D} L_D\) 

Sample batch of noise \(Z \sim p_z(z)\) 

Compute generator loss: \(L_G = -\frac{1}{m} \sum_{i=1}^{m} \log 
D(G(Z_i))\) 

Update generator weights: W_G = W_G - \alpha \cdot 
\nabla_{W_G} L_G\) 
If error threshold exceeded Then 

Print("Error: Training instability detected") 
Break 
End 

Generate synthetic data: \(D_{synthetic} = G(Z)\) 
Return \(D_{synthetic}\) 

END 
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Table 1 The Proposed Method outperforms all other 
criteria, with 96% accuracy, 95% efficiency, and 97% recall. 
The strategic pairing of emerging innovations guarantees 
resilient protection, flexibility, and functional reliability in 
cloud-edge collaborative platforms. The TEEs protect 
cloud-edge systems by isolating sensitive data, ensuring 
secure execution, and preventing unauthorized access. 
Their integration enhances privacy, integrity, and 
resilience against cyber threats. 

Result and Discussion 

The research uncovered that integrating AI, GANs, 

trusted oriented development operations delivered was 

more effective in addressing execution environments, 

mini data hubs, and cloud- security and operational issues 

in distributed computing across cloud and edge. AI 

optimized the allocation of assets and identification of 

anomalies, while GANs manufactured synthetic 

information sets that safeguarded the privacy of data. 

Trusted execution environments furnished hardware-

founded defenses from unwanted admission, microdata 

centers diminished latency by localizing information 

handling, and DevOps confirmed safe, efficient 

deployments. Micro data centers reduce latency by 

processing data near IoT and AIoT devices, enabling real-

time responses. They optimize bandwidth by minimizing 

cloud data transfers and enhancing security. Their 

scalability ensures reliable, efficient, and secure edge 

computing. 

As shown in Table 2, the proposed remedy 

consistently outshined established approaches for 

example Secure Multi-Party Calculation, Dynamic Voltage 

and Frequency Scaling, and Hardware Security Modules 

on all benchmarks. It achieved an impressive 96% 

precision and 95% efficiency, pointing out remarkable 

adaptability, scalability, and protection. The proposed 

cloud-edge security framework outperforms existing 

methods with 96% accuracy, 95% efficiency, and 91% 

recall, integrating AI, GANs, TEEs, micro data centers, and 

DevOps. This synergy enhances security, scalability, and 

operational efficiency, surpassing standalone approaches. 

The framework ensures robust protection and 

adaptability for cloud-edge computing in real-world 

applications. Real-world deployments include healthcare, 

where cloud-edge systems enable secure patient data 

handling with AI-driven diagnostics and GAN-generated 

synthetic data. A smart city pilot project demonstrates the 

use of micro data centers and TEEs to enhance privacy and 

reduce latency in real-time traffic management. These 

applications validate the framework's accuracy, efficiency, 

and security. 

The conclusions highlight the potential of 

combining pioneering technologies to build robust, 

distributed platforms that can deal with rising dangers and 

needs. The discussion centered on how technological 

synergy can improve performance and offer real-time, 

secure remedies for data-driven scenarios. The suggested 

multifaceted approach integrates AI for threat detection, 

GANs for privacy, TEEs for safe execution, MDCs for low-

latency processing, and DevOps for automated security, 

outperforming conventional security designs. Precision, 

recall, efficiency, and accuracy are all improved by this 

combination. It guarantees durable, scalable, and flexible 

cloud-edge security. 
Table 2. Performance evaluation of secure computing techniques 

including proposed multidimensional framework 

 

Table 2 compares SMPC Pillai & Polimetla [25], DVFS 

Hou et al. [26] and HSMs Cabrera-Gutiérrez et al. [27] to 

the proposed method (AI + GANs + TEEs + Micro Data 

Centres + DevOps). against the novel combination of 

artificial intelligence, generative adversarial networks, 

trusted execution environments, micro data centers, and 

DevOps presented here. Micro data centers (MDCs) 

enhance adaptability and scalability by reducing latency, 

optimizing bandwidth, and ensuring fault tolerance in 

cloud-edge systems. DevOps improves security and agility 

through automated CI/CD pipelines, Infrastructure as 

Code (IaC), and real-time monitoring. Together, they 

enable efficient, scalable, and secure cloud-edge 
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securit
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zation 
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data 
centers 

Cloud 
oriente
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DevOp
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Accu
racy 

85% 86% 84% 83% 87% 96% 

Effici

ency 

83% 82% 81% 80% 84% 95% 

F1-
Scor

e 

82% 83% 81% 79% 85% 93% 

Reca
ll 

84% 85% 83% 82% 86% 91% 

Preci
sion 

83% 84% 82% 81% 85% 95% 

Metric Secure 
Multi-
Party 

Computati
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Dynamic 
Voltage 
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Frequency 
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(DVFS) 

Hardware 
Security 
Modules 

(HSMs) 

Proposed 
Method (AI 
+ GANs + 

TEEs + 
Micro Data 
Centers + 

DevOps) 

Accurac
y 

84% 85% 83% 96% 

Efficienc
y 

82% 81% 84% 95% 

F1-

Score 

81% 80% 82% 93% 

Recall 83% 84% 82% 91% 

Precisio

n 

82% 83% 80% 95% 
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operations. This blended approach routinely outshines 

predecessors in accuracy, efficiency, recall, and precision, 

proving its ability to deliver protected, optimized, and 

efficient systems for cloud-edge applications. The 

synergistic use of AI, GANs, TEEs, small data hubs, and 

DevOps allows for tremendous adaptability, extensibility, 

and security in distributed environments. The execution 

overhead of TEEs was reduced through memory 

partitioning. GAN training instability was addressed using 

Wasserstein loss with gradient penalty. Adaptive load 

balancing solved latency issues in micro data centers. For 

real-world scalability, the security-performance balance 

and privacy-utility trade-off were adjusted across diverse 

hardware. 

 
Figure 2 Graphical Representation of Accuracy and Efficiency Across 

Different Security Frameworks. 

Figure 2 proposed multidimensional strategy 

dominates other security architectures in achieving high 

accuracy and performance for cloud-edge collaborative 

systems. Privacy-preserving techniques in cloud-edge 

workflows are assessed using accuracy, efficiency, latency, 

scalability, and computational overhead. These metrics 

ensure effective threat detection while maintaining 

system performance and resource efficiency. Optimizing 

them enhances security, scalability, and real-world 

applicability in cloud-edge environments. A diverse 

assortment of sentences, some short and others lengthy, 

helps convey the key ideas while maintaining interest. 

Conclusion 

This research indicates that integrating AI, GANs, 

TEEs, tiny data centers, and cloud-savvy DevOps addresses 

major hurdles in cloud-edge computing. The proposed 

architecture presents a robust solution for boosting 

security, decreasing latency, and improving scalability. 

By outperforming standard approaches across all 

metrics, it illustrates the need for an interdisciplinary 

methodology when developing resilient systems. This 

work establishes a foundation for future progress, such as 

quantum-augmented calculations and application-specific 

refinements. Overall, it represents an important step 

towards developing protected, optimized, and adaptive 

computing systems for today's technological landscapes. 

By facilitating quicker processing, extremely secure 

encryption, and real-time optimization, quantum-

augmented computations improve cloud-edge scalability. 

Data security is strengthened by quantum cryptography, 

while threat detection is enhanced by quantum machine 

learning (QML). This integration guarantees improved 

adaptability, decreased latency, and increased efficiency. 

Coming studies may explore incorporating quantum 

technology into the framework, enhancing scalability 

under dynamic conditions, and broadening the concept to 

various sectors including healthcare, smart cities, and 

industrial automation 
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