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Abstract:

This study investigates the application of artificial intelligence (Al) in portfolio optimization, a
fundamental problem in finance that focuses on selecting the best combination of assets to
maximize return while minimizing risk. Traditional approaches, such as the Markowitz Mean-
Variance model, rely on simplifying assumptions that often fail to reflect real-world market
dynamics. With the rapid advancement of Al, new methods have emerged that allow for better
modeling of complex, nonlinear relationships within financial data.

The objective of this project is to explore how Al techniques, including machine learning and
deep learning, can improve portfolio optimization. The methodology involves collecting
historical financial data, preprocessing it, and applying various models to estimate expected
returns, risks, and optimal asset allocation strategies. Performance is evaluated using financial
metrics such as portfolio return, volatility, and the Sharpe ratio.

The results indicate that Al-based approaches outperform traditional models in many scenarios,
particularly in capturing dynamic market behavior and adapting to changing conditions.
However, the study also highlights the limitations of Al, including sensitivity to data quality and

market unpredictability. Therefore, Al should be viewed as a decision-support tool rather than a
fully autonomous solution.

Overall, this research contributes to understanding how Al can enhance portfolio optimization
while acknowledging its practical constraints.
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Introduction: "The What & Why"

Portfolio optimization is one of the most important problems in financial decision-making.
Investors aim to allocate their capital among different assets in a way that maximizes expected
return while minimizing risk. Traditionally, this problem has been addressed using mathematical
and statistical models, with the most famous being the Markowitz Mean-Variance framework.
While this model laid the foundation for modern portfolio theory, it assumes that asset returns
follow normal distributions and that correlations between assets remain stable over time. These
assumptions are often unrealistic in real financial markets.

In recent years, artificial intelligence has emerged as a powerful tool capable of transforming
financial analysis. Al models can process large amounts of data, identify hidden patterns, and adapt
to new information. Unlike traditional models, Al does not rely on strict assumptions about data
distribution, making it more flexible and robust in complex environments.

The motivation behind this project is to explore whether Al can provide more effective solutions
for portfolio optimization. By leveraging machine learning and deep learning techniques, this
study aims to improve asset allocation strategies and better manage financial risk. The key research
question is whether Al-based models can outperform traditional approaches in terms of risk-
adjusted returns and adaptability to market changes.

Literature Review: "The story so far "

The concept of portfolio optimization was first introduced by Harry Markowitz in 1952, forming
the basis of modern portfolio theory. His mean-variance model focuses on balancing expected
return and risk, measured by variance. Although this model remains widely used, researchers
have identified several limitations, including sensitivity to estimation errors and inability to
capture complex market behaviors.

To address these issues, researchers began exploring alternative approaches. Early developments
included factor models and robust optimization techniques, which attempted to improve stability
and reduce sensitivity to input data. However, these methods still relied heavily on predefined
assumptions.

With the advancement of computational power, machine learning techniques have been
increasingly applied to Audit (Saber & Sassine, 2022)(Sawaya et al., 2025), green economies
(Kamel et al., 2026), resource optimization (Jafarigorzin et al., 2025) and portfolio optimization.
Models such as Support Vector Machines, Random Forests, and Neural Networks have been
used to predict asset returns and identify optimal allocation strategies. These models are capable
of capturing nonlinear relationships and handling large datasets, making them more suitable for
real-world financial applications especially in a post silicon valley era (Beainy & Kamel, 2023).
More recently, deep learning and reinforcement learning have gained attention. Reinforcement
learning, in particular, allows models to learn optimal investment strategies through interaction
with the environment. Studies have shown that reinforcement learning agents can dynamically
adjust portfolio weights and achieve superior performance under certain conditions.

Despite these advancements and the significant results of Al on economic growth (Beainy &
Kamel, 2023) and portfolio return, the literature also highlights significant challenges. Overfitting
remains a major concern, as models may perform well on historical data but fail to generalize to
new market conditions. Additionally, financial markets are influenced by unpredictable events,
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making perfect prediction impossible. Therefore, researchers emphasize the importance of
combining Al techniques with financial expertise to achieve practical and reliable results.
Methodology: "The how we did it "

The methodology of this project is designed to evaluate the effectiveness of Al in portfolio
optimization through a structured approach. The first step involves data collection, where
historical financial data is gathered for multiple assets. This includes daily prices, returns, and
volatility measures. The dataset is then preprocessed to ensure quality, which involves handling
missing values, normalizing data, and aligning time series across assets.

Next, feature engineering is performed to extract meaningful indicators from the raw data. These
include expected returns, covariance matrices, and technical indicators. These features serve as
inputs to the Al models.

Several models are implemented for comparison. A traditional mean-variance optimization
model is used as a baseline. Machine learning models, such as regression and tree-based
algorithms, are applied to estimate expected returns. Additionally, reinforcement learning models
are used to determine optimal portfolio weights dynamically.

The dataset is divided into training and testing sets to evaluate model performance. Key
evaluation metrics include portfolio return, volatility, maximum drawdown, and the Sharpe ratio.
These metrics provide a comprehensive assessment of both profitability and risk.

All models are implemented using Python, with libraries such as Pandas and NumPy for data
processing, Scikit-learn for machine learning, and TensorFlow for deep learning. The
methodology emphasizes reproducibility, fairness in comparison, and practical relevance to real-
world investment scenarios.

Results: "The facts "

The results of this study demonstrate the potential of Al in improving portfolio optimization. The
traditional mean-variance model provided a baseline performance, achieving reasonable returns
but showing sensitivity to estimation errors. In contrast, machine learning models produced
better estimates of expected returns, leading to improved portfolio performance.

Reinforcement learning models showed the most promising results. These models dynamically
adjusted portfolio weights based on market conditions, resulting in higher Sharpe ratios and
reduced volatility. The ability to adapt to changing environments allowed these models to
outperform both traditional and machine learning approaches in most scenarios.

However, the results also revealed certain limitations. During periods of extreme market
volatility, all models experienced performance degradation. Additionally, the success of Al
models depended heavily on data quality and parameter tuning. Models that were not properly
regularized showed signs of overfitting, performing well on training data but poorly on testing
data.

Overall, the results highlight that Al can enhance portfolio optimization, but its effectiveness
depends on careful implementation and understanding of market dynamics.
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Discussion and conclusion: ""The so what ? "

This study explored the role of artificial intelligence in portfolio optimization and demonstrated
its potential to improve investment strategies. Al models, particularly those based on machine
learning and reinforcement learning, showed significant advantages over traditional methods in
terms of flexibility and performance.

However, the findings also emphasize that financial markets remain inherently uncertain. Al
models cannot eliminate risk or guarantee optimal results. Instead, they should be used as tools
to support decision-making, providing insights and improving efficiency.

Future research can focus on integrating alternative data sources, such as news and sentiment
analysis, to further enhance model performance. Additionally, hybrid models that combine
traditional financial theory with Al techniques may offer more robust solutions.

In conclusion, Al represents a powerful advancement in portfolio optimization, but it must be
applied with caution and complemented by financial expertise to achieve practical success.
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