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Abstract 

Cloud computing has significantly transformed the delivery of computing resources by providing scalability, 

flexibility, and cost efficiency. However, dynamic workloads and unpredictable user demands continue to pose 

challenges in efficient resource allocation. Traditional methods often result in either underutilization or over-

provisioning of resources. In this paper, an enhanced intelligent cloud resource optimization system is 

proposed using Machine Learning techniques. Initially, multiple models including Linear Regression, 

Decision Tree, and Random Forest were trained and evaluated, where Random Forest achieved the highest 

prediction accuracy and was selected for further implementation. Building upon this, the system is extended 

to a real-time environment using Streamlit, where live system parameters such as CPU usage, memory 

utilization, storage, and workload are continuously monitored. The trained model predicts CPU utilization 

dynamically, and based on the prediction, an automated resource scaling mechanism is implemented to 

allocate virtual machines efficiently. The proposed system not only improves prediction accuracy but also 

optimizes resource utilization and reduces operational costs through intelligent decision-making. 

Experimental observations demonstrate that the system provides better adaptability and efficiency compared 

to traditional static allocation approaches. 

Keywords: Cloud Computing; LSTM; Machine Learning; Predictive Analytics; Resource Allocation; Random 

Forest 

 

1. Introduction  

Cloud computing has emerged as a backbone of 

modern digital infrastructure, enabling organizations 

to deploy applications without investing heavily in 

physical hardware. Platforms such as AWS, 

Microsoft Azure, and Google Cloud provide scalable 

and flexible environments for handling dynamic 

workloads. Despite these advantages, efficient 

resource allocation remains a critical challenge. 

Traditional static allocation methods often allocate 

fixed resources irrespective of actual demand. This 

leads to two major issues: over-provisioning, where 

resources remain idle and increase operational cost, 

and under-provisioning, which results in 

performance degradation and poor user experience. 

To overcome these challenges, machine learning 

techniques have been increasingly adopted[3]. By 

analyzing historical data and identifying patterns, ML 

models can predict future resource requirements. 

This enables proactive allocation system efficiency. 

In this work, we extend the concept beyond 

prediction by implementing a real-time intelligent 

system. The proposed system not only predicts CPU 

utilization but also dynamically adjusts resource 

allocation and provides cost optimization, making it 

more practical for real-world applications[4]. 

 

1.1. Existing Methods 

Traditional resource allocation techniques in cloud 

computing mainly rely on static and rule-based 

approaches[5]. These methods allocate resources 

based on predefined values without considering real-

time workload changes. As a result, they often lead to 
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over-provisioning or under-provisioning, causing 

increased costs and reduced system performance. 

1.2. Proposed Approach 

To overcome these limitations, this paper proposes a 

Machine Learning-based approach for intelligent 

resource allocation. The system uses parameters such 

as CPU utilization, memory usage, storage, and 

workload to predict resource requirements. The 

Random Forest model is selected for accurate 

prediction and is deployed in a real-time environment 

using Streamlit to dynamically allocate resources 

efficiently[6]. 

2. Method  

The proposed system uses Machine Learning to 

optimize cloud resource allocation. The dataset 

includes parameters such as CPU utilization, memory 

usage, storage, and workload. After preprocessing 

and splitting the data, models like Linear Regression, 

Decision Tree, and Random Forest are trained and 

evaluated. Random Forest achieves better 

performance and is selected for implementation. The 

model is deployed using Streamlit for real-time 

prediction of CPU utilization, and resources are 

dynamically allocated based on the predicted values. 

 

Table 1 Performance Comparison 

Model 
Accuracy 

(%) 

Latency 

Reduction 

(%) 

Linear 

Regression 
78 20 

Random 

Forest 
85 30 

LSTM 92 45 

 

1.3. Table 

Table 1 presents the performance comparison of 

different Machine Learning models used in the 

proposed system. The models are evaluated based on 

accuracy and latency reduction. It can be observed 

that the Random Forest model outperforms the other 

models in terms of both accuracy and efficiency. 

Linear Regression shows lower accuracy due to its 

inability to handle complex nonlinear patterns, while 

Decision Tree provides moderate performance. 

Random Forest, being an ensemble method, improves 

prediction accuracy and reduces latency significantly, 

making it the most suitable model for real-time cloud 

resource optimization.. 

1.4.Figures 

Figure 1 shows the system architecture of the 

proposed cloud resource optimization system as 

implemented in the project. It represents the flow of 

input parameters such as CPU utilization, memory 

usage, storage, and workload through preprocessing 

and Machine Learning model prediction. The system 

dynamically predicts CPU utilization and performs 

resource allocation based on scaling decisions[7]. 

The figure demonstrates the real-time working of the 

system and interaction between different 

components. 

 

 
Figure 1 System Architecture of Proposed Cloud 

Resource Optimization System [2] 

 

3. Results And Discussion 

3.1.Results 

The proposed system was evaluated using cloud 

workload datasets consisting of CPU, memory, and 

storage usage patterns. The performance of different 

Machine Learning models was analyzed based on 

prediction accuracy and system efficiency. Among 

all the models, the Random Forest model 

demonstrated the highest prediction accuracy due to 

its ability to handle complex and nonlinear data 

patterns[8]. The system effectively predicted future 

resource demands, enabling proactive resource 

allocation. The implementation of the predictive 

model resulted in significant improvements in overall 

cloud system performance. Figure 2 shows the 

comparison between actual and predicted CPU 

utilization, indicating high prediction accuracy of the 

proposed model[9]. 
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Key Observations: 

• Reduced Resource Wastage: The system 

minimizes over-provisioning and 

underutilization by allocating resources based 

on predicted demand instead of static 

rules[10]. 

• Improved System Performance: Proactive 

allocation ensures that sufficient resources are 

available before demand spikes, resulting in 

smoother operation and reduced downtime. 

• Lower Operational Cost: Efficient 

utilization of resources reduces unnecessary 

infrastructure costs, making the system more 

cost-effective. 

• Better Scalability: The system dynamically 

adapts to changing workloads, making it 

suitable for large-scale cloud environments 

[11]. 

3.2.Discussion  

The experimental results clearly indicate that 

Machine Learning-based approaches outperform 

traditional resource allocation techniques such as 

static and rule-based methods. The use of predictive 

models enables better decision-making by analyzing 

workload patterns and allocating resources 

proactively[13]. Among the evaluated models, the 

Random Forest model demonstrates better 

performance compared to Linear Regression and 

Decision Tree due to its ability to handle complex and 

nonlinear relationships in data. This makes it suitable 

for cloud environments where workload patterns are 

dynamic and unpredictable. The results highlight the 

importance of adopting intelligent and data-driven 

approaches for efficient resource management 

instead of relying on predefined rules[14]. 

Challenges and Limitations: 

Requirement of Large Training Data: The 

accuracy of Machine Learning models depends on 

the availability of sufficient and high-quality 

historical data. 

Computational Cost: Training models requires 

computational resources and time, especially for 

large datasets. 

Model Complexity: Machine Learning models 

require proper tuning and parameter selection to 

achieve optimal performance. 

 
Figure 2 Comparison of Actual and Predicted 

CPU Utilization [3] 

 

Conclusion 

This paper presents a Machine Learning-based 

predictive resource allocation system for cloud 

computing environments. The proposed approach 

improves resource utilization, reduces cost, and 

enhances system performance future work includes 

integrating real-time cloud platforms and exploring 

advanced deep learning models[12]. 
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