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Introduction 
 

This manual provides thorough step-by-step instruction for setting up and carrying out the 

implementation of this project.  
 

 

1 Environment 
 

This section contains the all-round environmental setup of the project and the system 

requirements. The code implementation is executed on Google Colab using the python 

programming language.  

 

1.1 System Configuration 

 

Software Configuration 

 

• Programming Language: Python Version 3 

• Tools: Google Colab 

• Google Drive: Access to Google Drive for data access 

• Operating System: Windows 11 

 

Hardware Configuration 

• Processor: AMD Ryzen 3 3250U with Radeon Graphics            2.60 GHz 

• RAM: 4GB (a higher RAM is advised) 

• Computational Resources: Google Colab’s L4 GPU 22.5GB RAM 

 

1.2 Google Colab Setup 

 

The datasets and the python file containing the code implementation are stored in Google 

drive. This allows for easy access in Google Colab. 
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Fig 1: Datasets stored in Google Drive 

 

 
Fig 2: Code Implementation notebook stored in Google Drive 

 

The mount function, connects Google Drive to the Colab environment. This allows the 

notebook in the Colab environment to access files stored in Google Drive, making it possible 

to load datasets as well as save results directly to ones Drive.  

 

 
Fig 3: Google Colab Mount 

 

 
Fig 4: Runtime Configuration 

In figure 4, the hardware accelator resources available by Colab are highlighetd with L4 GPU 

being selected for being to handle powereful computational tasks. 

 

1.3 Datasets 

 

The dataset was sourced from Kaggle, and the training set of the application table is used to 

carry out this project. This consists of 307,511 rows and 122 columns   
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Fig 5: Data Source 

 

 

1.4 Necessary Libraries 

 

The python libraries required to bring this project to a completion are imported into the Colab 

environment. 

 

 
Fig 6: Imported Libraries 

 

2 Data Preparation 
 

2.1 Exploratory Data Analysis (EDA) 

 

EDA is carried out before any data altering steps are performed to provide a clear distribution 

of the original data.  
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Fig 7: Target Distribution 

 

2.2 Data Preprocessing 

 

First a copy of the original dataset is created, and its size is reduced to 150, 000 rows to 

preserve computational resources. This new dataset is split into train/test sets using a 70/30 

ratio. Using this train set, all preprocessing steps are carried out.  

 

 

Feature Selection 

 

Feature Selection is achieved using SelectKBest selection method. To maintain the data and 

avoid mishaps, a copy of the train set is passed to SelectKBest method which utilizes the 

mutual_info_classif score function to rate each feature based on mutual information with the 

target. Based on the results, features (columns) were reduced from 122 to 46. 

 

 
Fig 8: Feature selection using SelectKBest 
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Fig 9: Shape of original data train/test set on 70/30 ratio split after reducing feature size 

 

 

CTGAN Preprocessing 

 

Before passing the original training and testing data  to the CTGAN model, some 

preprocessin steps have to be made to ensure the data is in complaince with the model 

requirements. 

 

 
 

Fig 10: step i. preprocessing for CTGAN 
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Fig 11. Step ii. preprocessing for CTGAN 

 

 
Fig 12. Step iii. The data must not contain any missing values. 

 

 

3 CTGAN Data Generation 
 

 

After preprocessing the model is trained on the original dataset based on the following 

hyperparameters.  

 

 
 

Fig 13: Training the CTGAN model 
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Fig 14: Synthetic data generation using the trained CTGAN model  
 

 

Synthetic Data Evaluation 

 

With the help of the table_evaluator library, the synthetic data was evaluated on how well it 

matches the original following a feature by feature comparison 

 

 

 
Fig 15: Feature by Feature Comparison 

 

Passing the target column and the target type (classification) the evaluate method from 

table_evaluate library measures the quality and similarity of the synthetic data compared to 

the real data 

 
Fig 16: Synthetic and original dataset evaluation 

 
 

4 Data Modelling 

 
Synthetic Data Train/Test Split 
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Fig 17: 70/30 ratio train/test split on synthetic dataset 

 

Combined Data Train/Test Split 
 

 
Fig 18: 70/30 ratio train/test split on combined dataset  

 

Model Classification 
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Fig 19: Classifier Modelling 
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In fig 19, various classification models (Logistic Regression, Random Forest, and XGBoost) 

are trained on three different datasets: the original baseline data, the combined original and 

synthetic data, and the synthetic data alone. It then evaluates their performance using cross-

validation. 

 

 
 
 

5 EVALUATION 
 

Kolmogorov-Smirnov (KS) Tests & Pearson and Spearman Correlation Similarity 

 

Two statistical tests are performed to compare the distributions and relationships within the 

real and synthetic numerical features. This helps assess how well the synthetic data captures 

the statistical properties of the original data. 

 

These quantitative measures (KS statistics and correlation similarity) and a visual 

representation (KS bar plot) help understand if the synthetic data's numerical features have 

similar distributions and inter-feature relationships as the original data. 
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Fig 20: Kolmogorov-Smirnov (KS) Tests & Pearson and Spearman Correlation 

Similarity 

 

Discrimination & calibration evaluation  
 

The LogLoss and Brier score are calculated on all datasets against the original test set. These 

metrics assess the quality of the model’s predicted probabilities and not just the final 

classification outcome.  
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Fig 21: Calibration and calibration evaluation 
 
 

Fairnes Evaluation  

 

Models trained all three datasets are analyzed on whether bias exists with respect to the 

defined protected attributes by quantifying differences in predictive performance across 

subgroups. Lower values for SPD, EOD, and AOD generally indicate better fairness. 
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Fig 22: Fairness evaluation against the three datasets 

 

Spearman Rank Correlation 
 

Similarity of feature importances  derived from an XGBoost model trained on the original 

real data and another XGBoost model trained on the synthetic data is evaluated using the 

spearman rank correlation. A high Spearman rank correlation (closer to 1) suggests that the 

features are ranked similarly in importance by both models. 

 
 

Fig 23: Spearman rank correlation 
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