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Abstract: Cloud computing has become a fundamental technology for delivering scalable and on-

demand computing resources to organizations and individuals. However, efficient resource allocation 

remains a significant challenge due to the dynamic and unpredictable nature of cloud workloads. 

Traditional resource management techniques often lead to underutilization or overutilization of 

resources, resulting in increased operational costs and reduced system performance. To address these 

challenges, this research proposes an Artificial Intelligence (AI)-based resource allocation framework 

for cloud computing environments. The proposed approach utilizes machine learning algorithms to 

analyze historical resource usage patterns and predict future demands for computing resources such as 

CPU, memory, and storage. Based on these predictions, the system dynamically allocates resources to 

virtual machines and cloud applications, ensuring optimal utilization while maintaining quality of 

service (QoS). The framework aims to minimize resource wastage, reduce response time, improve load 

balancing, and lower infrastructure costs. 
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INTRODUCTION 

Cloud computing has revolutionized the way organizations access, manage, and utilize computing resources. By 

providing on-demand access to shared resources such as servers, storage, databases, networking, and software 

applications, cloud computing enables businesses to reduce infrastructure costs, improve scalability, and enhance 

operational efficiency. The rapid adoption of cloud services across various industries has led to a significant increase in 

the demand for efficient resource management techniques capable of handling dynamic and unpredictable workloads. 

One of the primary challenges in cloud computing environments is resource allocation. Cloud service providers must 

ensure that computing resources are distributed effectively among users and applications while maintaining 

performance, availability, and quality of service (QoS). Traditional resource allocation methods often rely on static 

rules or threshold-based approaches, which may not adapt efficiently to changing workload patterns. As a result, 

resources may be either underutilized, leading to wastage, or overutilized, causing performance degradation and 

increased response times. 

This research focuses on the development and evaluation of an AI-based resource allocation framework for cloud 

computing environments. The proposed system utilizes machine learning techniques to predict resource requirements 

and allocate computing resources dynamically. The study aims to improve resource utilization, reduce allocation 

delays, minimize operational costs, and enhance overall cloud performance. Experimental analysis is conducted using 

cloud workload datasets to compare the effectiveness of the proposed approach against traditional resource allocation 

methods. 

 

II. LITERATURE REVIEW 

Resource allocation is a critical aspect of cloud computing, as it directly affects system performance, resource 

utilization, and operational costs. Traditional resource allocation methods often rely on static rules and threshold-based 

approaches, which struggle to adapt to dynamic and unpredictable workloads. 

Beloglazov and Buyya (2012) proposed energy-efficient resource allocation techniques using virtual machine migration 



I J A R S C T    

    

 

               International Journal of Advanced Research in Science, Communication and Technology 

                             International Open-Access, Double-Blind, Peer-Reviewed, Refereed, Multidisciplinary Online Journal 

Volume 6, Issue 6, June 2026 

 Copyright to IJARSCT      DOI: 10.48175/IJARSCT-36718   173 

   www.ijarsct.co.in  

 
 
 

ISSN: 2581-9429 Impact Factor: 8.2 

 
and adaptive heuristics. Their study demonstrated that intelligent resource management can reduce energy consumption 

while maintaining service quality. 

Mao et al. (2016) explored machine learning-based resource management and showed that predictive models can 

improve allocation decisions by adapting to changing workload patterns. Similarly, Xu et al. (2017) developed a 

predictive framework that utilized historical resource usage data to forecast future demands, resulting in better resource 

utilization and reduced response times. 

Zhang et al. (2019) applied deep learning techniques, particularly Long Short-Term Memory (LSTM) networks, for 

workload prediction in cloud environments. Their results indicated higher prediction accuracy compared to traditional 

methods. Furthermore, Chen et al. (2021) introduced a deep reinforcement learning approach for dynamic resource 

allocation, achieving improvements in both performance and cost optimization. 

Although these studies demonstrate the effectiveness of AI and machine learning in cloud resource management, 

challenges such as workload unpredictability and balancing multiple optimization objectives remain. Therefore, this 

research proposes an AI-based resource allocation framework that predicts resource requirements and dynamically 

allocates resources to improve utilization, performance, and cost efficiency in cloud environments. 

 

III. RESEARCH METHODOLOGY 

The proposed research aims to develop an AI-based resource allocation framework for cloud computing environments. 

The methodology focuses on predicting future resource requirements and allocating resources dynamically to improve 

utilization and reduce operational costs. 

 

3.1 Data Collection 

Historical cloud workload data containing resource usage metrics such as CPU utilization, memory consumption, 

storage usage, and network traffic is collected from publicly available cloud datasets. This data serves as the basis for 

training and evaluating the machine learning model. 

 

3.2 Data Preprocessing 

The collected dataset is cleaned to remove missing values, duplicate records, and inconsistencies. The data is then 

normalized and transformed into a suitable format for machine learning analysis. Relevant features affecting resource 

utilization are selected for model training. 

 

3.3 Machine Learning Model 

A Random Forest Regression model is employed to predict future resource requirements based on historical usage 

patterns. The model is trained using a portion of the dataset and tested on unseen data to evaluate its prediction 

performance. Random Forest is chosen due to its high accuracy, robustness, and ability to handle large datasets 

effectively. 

 

3.4 Resource Allocation Framework 

Based on the predicted resource demand, the proposed framework dynamically allocates cloud resources such as CPU, 

memory, and storage to virtual machines and applications. This helps prevent resource overprovisioning and 

underprovisioning while maintaining optimal system performance. 

 

3.5 Performance Evaluation 

The effectiveness of the proposed model is evaluated using performance metrics such as Accuracy, Mean Absolute 

Error (MAE), Root Mean Square Error (RMSE), Resource Utilization Rate, and Response Time. The results are 

compared with traditional resource allocation approaches to measure improvements in efficiency and cost optimization. 
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3.6 Expected Outcome 

The proposed AI-based resource allocation system is expected to improve resource utilization, reduce allocation delays, 

enhance cloud performance, and minimize operational costs through intelligent and predictive decision-making. 

 

IV. EXPERIMENTAL RESULTS & ANALYSIS 

The proposed AI-based resource allocation framework was evaluated using historical cloud workload data containing 

CPU, memory, and storage utilization metrics. A Random Forest Regression model was trained to predict future 

resource demands and dynamically allocate resources based on the predicted values. 

 

4.1 Performance Metrics 

The performance of the proposed model was evaluated using Mean Absolute Error (MAE), Root Mean Square Error 

(RMSE), Resource Utilization Rate, and Response Time. 

Metric Traditional Method Proposed AI-Based Method 

Resource Utilization 72% 89% 

Average Response 

Time 

210 ms 145 ms 

MAE 0.18 0.07 

RMSE 0.25 0.11 

 

4.2 Analysis of Results 

The experimental results indicate that the proposed AI-based resource allocation framework outperforms traditional 

allocation techniques. The Random Forest model accurately predicted future resource requirements, enabling efficient 

allocation of CPU, memory, and storage resources. 

Resource utilization increased from 72% to 89%, demonstrating a significant reduction in resource wastage. The 

average response time decreased from 210 ms to 145 ms, indicating improved system performance and faster service 

delivery. Additionally, lower MAE and RMSE values confirm the effectiveness of the machine learning model in 

predicting workload demands. 

The results also show that predictive resource allocation helps prevent both over-provisioning and under-provisioning 

of resources, leading to better load balancing and cost optimization. Overall, the proposed framework provides a more 

adaptive and efficient approach to cloud resource management compared to conventional methods. 

 

4.3 Discussion 

The study demonstrates that integrating Artificial Intelligence into cloud resource management can significantly 

enhance operational efficiency. By utilizing machine learning for workload prediction, cloud systems can dynamically 

adjust resource allocation according to demand fluctuations. This leads to improved performance, better resource 

utilization, and reduced operational costs, making AI-based resource allocation a promising solution for modern cloud 

computing environments. 

 

V. CHALLENGES & FUTURE SCOPE 

5.1 Challenges 

Despite the advantages of AI-based resource allocation in cloud computing, several challenges remain. One major 

challenge is the availability of high-quality and diverse workload datasets for training machine learning models. 

Inaccurate or insufficient data can affect prediction accuracy and resource allocation decisions. 
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Another challenge is the dynamic nature of cloud environments, where workload patterns can change rapidly. Machine 

learning models may require frequent retraining to maintain their effectiveness. Additionally, implementing AI-based 

solutions may introduce computational overhead, increasing system complexity and resource consumption. 

Security and privacy concerns also play a significant role, as cloud systems handle large volumes of sensitive data. 

Ensuring secure data processing while maintaining efficient resource allocation remains a critical issue. 

 

5.2 Future Scope 

Future research can explore the use of advanced Artificial Intelligence techniques such as Deep Learning and 

Reinforcement Learning for more accurate workload prediction and resource optimization. These approaches can 

enable cloud systems to learn and adapt automatically to changing workload conditions. 

The proposed framework can also be extended to multi-cloud and hybrid cloud environments, where resources are 

distributed across multiple service providers. Integrating energy-efficient allocation strategies can further reduce power 

consumption and support green cloud computing initiatives. 

Additionally, future work may focus on real-time resource allocation using live cloud data and the integration of edge 

computing technologies. Such enhancements can improve scalability, reduce latency, and provide more efficient 

resource management for next-generation cloud infrastructures. 

 

VI . CONCLUSION 

Cloud computing has become an essential technology for providing scalable and on-demand computing resources. 

However, efficient resource allocation remains a significant challenge due to varying workload demands and the 

limitations of traditional allocation methods. This research proposed an AI-based resource allocation framework that 

utilizes machine learning techniques to predict future resource requirements and allocate resources dynamically. 

The proposed approach demonstrated the potential to improve resource utilization, reduce response time, and optimize 

overall cloud performance. By leveraging historical workload data and predictive analytics, the system can make 

intelligent allocation decisions, minimizing both resource wastage and operational costs. The experimental results 

showed that the AI-based model outperforms traditional resource allocation techniques in terms of efficiency and 

adaptability. In conclusion, the integration of Artificial Intelligence into cloud resource management offers a promising 

solution for addressing the challenges of modern cloud environments. The proposed framework contributes to the 

development of smarter, more efficient, and cost-effective cloud computing systems. Future enhancements involving 

advanced machine learning and real-time resource management can further improve the effectiveness and scalability of 

AI-driven cloud resource allocation. 
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