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1 Introduction 
 
This document provides a detailed, step-by-step guide to the environment, tools, datasets, and 
execution process required to replicate the research thesis of Federated Transfer Learning for 
Cross-Institution Fraud Detection in Finance. The complete project is implemented in 
Python, using libraries such as scikit-learn, pandas, and matplotlib, and is executed within a 
virtual environment using Visual Studio Code and Jupyter Notebook. This manual outlines 
the exact system configuration, dataset descriptions, preprocessing techniques, model design, 
and commands used to run the code. It is intended to ensure full reproducibility, enabling 
anyone to set up the required environment, follow the execution steps, and obtain near-
identical results. 
 
2 System Specification 
 
This section gives basic hardware and operating system requirements for this project: 

2.1 Hardware 
Machine: Apple MacBook Air (M1, 2020) 
Processor: Apple M1 chip (ARM architecture, 8-core CPU) 
RAM: 8 GB Unified Memory 
 

 
Fig 1: System Information 

2.2 Software 
Operating System: macOS Sequoia 15.3.1 (Darwin 24.3.0) 
Python Version: 3.11.1 (Clang 13.0.0) 
IDE: Visual Studio Code 
Virtual Environment: Python venv 
Dependencies: 

 
Fig 2: Python Dependencies 
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3 Development Environment 
 
Python language was utilized to make the research experimentation and below are the 
details of the environments used: 
 

3.1 Visual Studio Code 

 
Fig 3: Visual Studio Code 

 
4 Repository Structure 
 
Folder Structure Diagram: 
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Fig 4: File Directory Path 

 

5 Datasets 

5.1 Dataset Exploration 
Dataset exploration was done on Jupyter Notebook with code 
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Dataset 1: 

 
 
Dataset 2: 
 

 
 
Dataset 3: 
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6 Modelling 
 

 
Fig. 5: Project bootstrap: imports, dataset paths, label columns, and core hyperparameters. 
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Fig. 6: Data loading, cleansing, encoding, and cross-client feature alignment. 
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Fig.7: Global scaling/PCA, centralized baseline training, and global model pretraining before FL 
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Fig. 8: Federated training rounds with per-client local updates and differentially private aggregation. 
 

 
Fig. 9: Per-client fine-tuning (FT) of the global model and metric collection. 

 

 
Fig. 10: Final accuracy comparison: each client (after FT) vs centralized baseline. 

 

7 Implementation 

1. Imports & Setup - Loads required Python libraries, sets dataset paths and label 
columns, and defines model training hyperparameters. 

2. Data Preprocessing - Reads datasets, drops irrelevant id/name columns, encodes 
categorical features, aligns feature sets across clients, and prepares combined data. 

3. Global Scaling & PCA - Standardizes features, applies PCA for dimensionality 
reduction, trains a centralized baseline MLP model, and pretrains a global model for 
FL. 

4. Federated Training with DP - Performs multiple FL rounds where each client trains 
locally, adds differential privacy noise to weights, and aggregates updates. 
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5. Personalization (Fine-Tuning) - Fine-tunes the global model on each client’s local 
data, evaluates metrics, and stores results. 

6. Visualization - Saves comparison metrics to CSV and generates convergence and 
accuracy comparison plots. 

8 Execution 

8.1 1. Activate virtual environment 

 
 

8.2 Run the main training pipeline: 

 
 
This script will: 

• Load and preprocess all datasets. 
• Train the centralized baseline model. 
• Execute the Federated Transfer Learning (FTL) process with Differential Privacy. 
• Perform fine-tuning for each client. 
• Save results (Comparison_Metrics.csv) and core plots to the Visualization. 

8.3 Generate visualizations from results: 

 
 
This script will: 

• Read Comparison_Metrics.csv. 
• Create and save additional plots, including: 

1. Centralized vs FTL Accuracy Comparison. 
2. Fine-Tuning Improvement per Client. 
3. Evaluation Metrics Comparison. 
4. FTL Convergence per Round. 
5. Confusion matrices (if prediction files are available). 

8.4 Deactivate the virtual environment when finished: 

 
 

9 Outputs 
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Fig. 11: Round wise dataset specific Accuracy 

 
 



 
 

11 
 

 

 
Fig. 12: Comparison_Metrics.csv output 

 
 
 


