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Abstract 

This research investigates a novel approach to feature engineering for reinforcement learning 
(RL)-based trading strategies by leveraging Topological Data Analysis (TDA). As machine learning 
techniques increasingly transform financial trading strategies, RL has emerged as a robust 
methodology for developing automated trading systems. However, the effectiveness of these systems 
heavily depends on the quality of features extracted from financial market data. 
 
TDA, situated at the intersection of mathematics and data science, applies algebraic topology to 
analyse complex datasets and has demonstrated significant potential in uncovering hidden structures 
within high-dimensional data. Financial markets, characterised by complex interactions, non-linear 
relationships, and high dimensionality, present an ideal domain for TDA application. The topological 
features extracted through TDA—such as persistence diagrams, bar codes, and mapper graphs—can 
reveal market regimes, identify stability or turbulence periods, and capture intricate relationships 
between financial instruments. 
 
Our research addresses three primary questions: 
 
1. What are the most relevant topological features of financial market data for TDA-based feature 
engineering? 
2. Can TDA-based feature engineering improve the performance of RL-based trading strategies? 
3. How can TDA-based feature engineering be optimally combined with other feature engineering 
techniques? 
 
The methodology follows five systematic steps: 
 

1.​ Data Collection: Gathering historical financial market data from public sources, including price 
and volume information and economic indicators spanning multiple years to capture various 
market regimes. 

 
2.​ Topological Data Analysis: Applying TDA techniques to analyse topological features, with 

particular attention to persistence (indicating market regime stability), non-linearity (capturing 
complex market dynamics), and connectivity (revealing relationships between financial 
instruments). 
 

3.​ Feature Engineering: Extracting TDA-based features and combining them with traditional 
features such as technical indicators, fundamental factors, and market sentiment measures. 
 

4.​ Reinforcement Learning: Employing various RL algorithms (DQN, Policy Gradient methods, 
PPO, SAC) to learn trading strategies based on the engineered feature set. 
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5.​ Performance Evaluation: Comparing TDA-enhanced strategies against conventional 

approaches using metrics such as returns, Sharpe ratio, maximum drawdown, and 
performance consistency across different market conditions. 

 
The expected outcomes include identifying relevant topological features for trading strategies, 
demonstrating the benefits of incorporating these features, and gaining insights into synergistic 
combinations of TDA-based and traditional feature engineering techniques. 
 
This research intersects three cutting-edge fields—topological data analysis, reinforcement learning, 
and quantitative finance—potentially reshaping financial data analysis and algorithmic trading 
approaches. By capturing the underlying topological structure of financial markets, we aim to provide 
RL algorithms with more informative representations of market states, leading to more robust and 
effective trading decisions while contributing to a broader understanding of financial market dynamics 
through the lens of topology. 
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