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1. Introduction 
This configuration manual documents the technical setup, tools, libraries, and step-by-
step implementation for the MSc Research Project titled, "Autoscaling with Deep 
Learning for Efficient Resource Utilization in a Cloud Environment." The project aims to 
predict virtual machine (VM) performance using deep learning and time-series data to 
enable efficient resource usage in cloud data centres. 

2. System Configuration 

2.1 Software Specification 

• Python: Version 3.10 or later 

• AWS Cloud Services: EC2, S3 Bucket, Cloud9 

• Libraries: 

o Boto3 (AWS SDK for Python) 

o pandas, Numpy, matplotlib, seaborn 

o Scikit-learn 

o Tensorflow, keras 

o Plotly 

2.2 Hardware Specification 

• Development Environment: AWS Cloud9 

IDE hosted on EC2 Instance 

• Local Machine (for backup): 8 GB RAM, Intel 



i5 Processor, 256 GB SSD 

3. Project Implementation 

3.1 Cloud Environment Setup 

• Cloud9: Configured as the main 

development IDE. 

• EC2: Deployed for running and testing the 

implementation. 

• S3 Bucket: Created and configured for 

storing datasets and models. 

3.2 Data Collection 

• 150 CSV files were collected and stored in 

the S3 bucket. 

• Loaded into the Cloud9 environment using 

boto3 and pandas. 

3.3 Data Preparation 

• Cleaned data by handling missing values. 

• Removed irrelevant columns. 

• Ensured data consistency. 

3.4 Data Preprocessing 

• Converted date fields to datetime format. 

• Extracted month and year features. 

• Normalized data using Min-Max Scaling. 

• Applied window rolling with 12 previous 



timestamps to prepare data for time-series 

analysis. 

3.5 Data Splitting 

• Split the dataset into 80% training and 20% 

testing sets. 

• Maintained time-series sequence to avoid 

data leakage. 

3.6 Model Training 

• LSTM: Used standard LSTM for time-series 

forecasting. 

• Attention-Centric BiLSTM: Advanced model 

with cross-attention mechanism. 

3.7 Performance Evaluation 

• Metrics Used: 

o Mean Squared Error (MSE) 

o Root Mean Squared Error (RMSE) 

• Visualization: Actual vs Predicted line plots 

to evaluate model prediction accuracy. 

 

 

 

 

 



4. Visual References 

                               Figure 1: Cloud9 Setup with EC2 

 

 
 
Cloud9 Environment 

 
                  Shows the development environment configured on AWS Cloud9.  
This setup allows seamless integration with EC2 instances for deploying and testing the project. 
 

 



Figure 2: S3 Bucket Configuration 

 

Figure 3: Data Loading Snippet 
 

 
Snippet showcasing data retrieval from S3 using Boto3 and Pandas. 

Demonstrates efficient handling of large-scale cloud-based data 

 
 



 
 
Figure 4: Data Cleaning Operations 
 

 
 

 

Highlights data cleaning steps, including missing value handling and irrelevant column removal. 

Ensures dataset consistency and integrity. 



 
 
 
Figure 5: Feature Extraction Sample 
 

 
Displays extracted features from the dataset, such as datetime transformations and computed 

metrics. Enhances predictive model effectiveness 



 
 
 
Figure 6: Time-Series Plot of CPU Usage 
 

 

 



 

 

 
 
Visual representation of CPU usage trends over time. Helps analyze workload patterns for improved 

resource allocation. 

 
 
 



Figure 7: Min-Max Scaling 
 

 
 
Shows normalization techniques applied to the dataset using Min-Max Scaling. Maintains uniform 

data distribution for better model training. 
 

Figure 8: Window Rolling Implementation 
 

 

 



illustrates time-series window rolling with 12 previous timestamps, aiding in sequential forecasting 
using deep learning models. 

 
 
Figure 9: Train-Test Data Split 
 

 
 

Depicts dataset partitioning into training and testing sets, ensuring accurate evaluation while 
preserving temporal dependencies. 

 
Figure 10: Model Performance Graphs

 
Presents accuracy and error metrics, such as MSE and RMSE. Provides insights into model 

effectiveness in predicting cloud resource usage 
 


