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Abstract

Objective: The problem of securities optimization is a significant financial problem, and
the issue of choosing the optimal stock portfolio has long occupied the minds of
investment professionals. Under uncertain conditions, it is essential to determine asset
allocation. The creation of a portfolio of investments is one of the most common financial
challenges faced by investors. For them, building a portfolio of investments that yields
the highest level of profit is imperative. Various methods have been introduced to
construct a portfolio, the most famous of which is the Markowitz approach. There are
numerous shortcomings with mean-variance theory due to its difficulty in estimating
expected returns and covariances for different asset classes. The problem with the
Markowitz variance-mean method, estimation errors, and inconsistencies led to the
development of several other academics' attempts to find possible portfolio solutions that
would lead to optimal asset allocation. To overcome this problem, Marcos Lopez de
Prado was the first researcher to propose a hierarchical model for portfolio construction in
his famous paper “Building Diversified Portfolios that outperform out-of-sample”, in
2016.

Methods: The present study is applied in terms of purpose, quantitative in terms of the
implementation process, and retrospective and post-event in terms of time. This research
focuses on the application of machine learning in selecting the optimal portfolio and its
purpose is to find a stock portfolio optimization method that has superior performance in
prototype simulation for the Tehran Stock Exchange. In this study, we use the
Hierarchical Risk Parity (HRP) machine learning technique and compare the results with
the minimum variance approach. The concept of HRP is based on graph theory and
machine learning techniques and can be divided into three main stages including tree
clustering, quasi-diagonalization, and recursive bisection. To conduct this research, the
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adjusted closing prices of 30 listed companies for 760 trading days from 2018 to 2020
were used. Missing values were filled by propagating the last valid observation forward

Results: To evaluate portfolio performance, the Sharpe ratio was measured for both in-
sample and out-of-sample periods. The results of in-sample and out-of-sample analyses
showed that the Hierarchical Risk Parity approach performs better than the minimum
variance approach.

Conclusion: In this study, the researchers employed a novel asset allocation method —
Hierarchical Risk Parity (HRP) which has the most desirable diversification properties.
HRP provides a meaningful alternative to traditional asset allocation approaches and an
important risk management tool for investors. Therefore, portfolio managers should have
an active approach in evaluating each method according to the conditions and situations
in which they are.
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