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1. Introduction 

Cloud computing platforms host large-scale virtualized infrastructures that execute diverse 

workloads ranging from web services to data-intensive analytics. Efficient CPU resource utilization 

is critical for maintaining performance, scalability, and cost-effectiveness in such environments. 

However, CPU usage in cloud systems exhibits highly dynamic and non-linear temporal behaviour 

due to workload fluctuations and user demand variability. 

Traditional forecasting techniques often fail to model these complex temporal dependencies. Deep 

learning–based time series models, including CNN, GRU, LSTM, and BiLSTM, have demonstrated 

superior performance in capturing sequential patterns. This project focuses on leveraging deep 

learning architectures, including an advanced BiLSTM-CATF model, to accurately forecast short-

term CPU utilization using real cloud workload traces. 

Accurate CPU usage forecasting enables improved cloud resource allocation, proactive scaling, and 

performance optimization. 

 

 

2. Research Question 
Primary Research Question 

How effectively can deep learning models forecast CPU utilization in a cloud environment using 

time-series workload traces, and does the inclusion of advanced architectures improve prediction 

accuracy and performance efficiency? 

Explanation of the Research Question 

Cloud CPU utilization is influenced by: 

 temporal workload variations, 

 VM execution behaviour, 

 underlying infrastructure capacity. 

This study investigates: 

 the ability of deep learning models to learn temporal dependencies from historical CPU 

usage, 

 comparative performance of CNN, GRU, LSTM, BiLSTM, and BiLSTM-CATF models, 

 forecasting accuracy and computational efficiency in a cloud-based setup. 



 

3. Environment Setup 

Proper environment configuration ensures reproducibility and consistent model performance. 

3.1 Recommended Hardware 

Component Recommended 

GPU NVIDIA T4 / RTX series 

RAM Minimum 12 GB 

CPU Multi-core processor 

Storage ~10 GB 

 

3.2 Software Requirements 

Supported operating systems: 

 Windows 

 Linux 

 Cloud-based environments (Google Colab, AWS Cloud9) 

 

3.3 Python Version 

Python version ≥ 3.7 is required. 

 

3.4 Required Libraries 

Core libraries: 

 numpy 

 pandas 

 matplotlib 

 seaborn 

Deep learning: 

 tensorflow 

 keras 

Machine learning utilities: 

 scikit-learn 

System monitoring: 

 time 

 psutil 

 

3.5 Installation Commands 



pip install numpy pandas matplotlib seaborn scikit-learn 

pip install tensorflow keras 

pip install psutil 

 

4. Dataset Description 

Primary Dataset: Microsoft Azure Public VM Traces 

The dataset consists of time-series CPU utilization measurements collected from Azure virtual 

machines at 5-minute intervals. It represents real-world cloud workload behavior. 

Key characteristics: 

 time-indexed CPU usage values, 

 long-duration VM execution traces, 

 suitable for temporal forecasting tasks. 

Target Variable: CPU utilization 

(Screenshots of dataset loading and structure should be added here) 

 

5. Data Pre-processing 

Raw VM trace data is loaded and cleaned by handling missing values and removing irrelevant 

attributes. Timestamps are converted to datetime format, and CPU utilization values are scaled 

using Min–Max normalization. A rolling window technique is applied to transform the time series 

into supervised learning sequences. 

 

 

6. Exploratory Data Analysis 

Exploratory analysis is performed to visualize CPU utilization trends and workload variability over 

time. Time-series plots help identify temporal patterns and fluctuations in resource usage, providing 

insights into the forecasting complexity. 

 

7. Model Architectures 

Multiple deep learning models, including CNN, GRU, LSTM, BiLSTM, and BiLSTM-CATF, are 

implemented for CPU usage forecasting. These architectures are designed to effectively capture 

temporal dependencies in cloud workload data. 

 

8. Training Pipeline 

The dataset is temporally split into 90% training and 10% testing sets. Windowed and normalized 



sequences are used to train models with the Adam optimizer, while execution time and memory 

usage are monitored during training. 

 

9. Evaluation Metrics 

Model performance is evaluated using MSE, RMSE, MAE, and R² score. Additional assessment 

includes actual versus predicted CPU usage plots along with latency, throughput, and execution 

time analysis. 

 

10. Future Forecasting 

Trained models are used to predict future CPU utilization values for multiple time steps. These 

forecasts support proactive cloud resource management and performance optimization. 
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