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Setup:
Traditional Modern 

Portfolio Theory 
Calculations

Optimize: 
Stochastically Find 

Minimum Risk 
Portfolio

Repeat:
Simulate Model 
Repeatedly, then 
get Best Results*

Analyze:
View and Analyze 

Output

Overview of Modeling
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Individual 
Simulation



Model Formulation: 
Modern Portfolio Theory

Feb-23 Modern Portfolio Theory with PSO 3



Pull Stock Data from Yahoo Finance (yfinance)

Prepare data for portfolio choice modeling, including Nominal /
Expected / Excess Returns, Variance-Covariance Matrix

Model framework is structurally similar to tribal-liquidity funds, 
and can easily transition calculation components

Modern Portfolio Theory (MPT) Overview
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Model Formulation: 
Particle Swarm Optimizer
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Minimize the 
Risk of 

Portfolio

• Decision Variable: Weights to invest into each stock

• Risk Defined as

• Optimization Problem:

This calculation is for annual returns *



1. Metaheuristic algorithm that emulates 
organisms, or “particles” moving in swarms

2. Helps overcome local minima for non-linear 
modeling

3. Basic idea:

• Swarm of particles starting random locations
• Each particle has no understanding of where the 

overall swarm is headed
• Each particle only knows where their immediate 

surrounding environment is headed
• Collectively will arrive at final set of weights
• Repeat process n times to better overcome local 

minima

PSO Overcomes Non-Linear Objectives
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Above model animation adapted from Machine Learning Mastery

https://machinelearningmastery.com/a-gentle-introduction-to-particle-swarm-optimization/


1. Minimizing Risk involves 
non-linear objective

2. Use PSO algorithm to 
randomly adjust swarm of 
stock weights to find the 
minimum risk portfolio*

3. Repeat process n times to 
better overcome local 
minima

PSO Used to Minimize Risk of Portfolio
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Optimal Portfolio

PSO Velocity and Position update equation used for modeling *



Initialize Update Evaluate Document Best Stop Algorithm

• Stochastically 
initialize 
Swarm of 
portfolios (or 
particles) with 
feasible 
solutions

• Randomly 
change the 
weights based 
on PSO 
velocity 
update 
equation

• Evaluate the 
risk and 
expected 
return of all 
portfolios in 
swarm

• Document the 
best 
evaluated 
Weights

• Can either use 
global or local 
neighborhood

• Algorithm 
stops when 
reached 
number of 
desired 
iterations, 
and

• Is feasible

PSO Conceptual Process Overview
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Individual Simulation Repeated
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PSO Velocity 
Update 

Equation

• Answer the question: how to determine the “movement” 
of the portfolios, or particles, upon each iteration
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PSO Velocity 
Update 

Equation

• Answer the question: how to determine the “movement” 
of the portfolios, or particles, upon each iteration
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PSO Velocity 
Update 

Parameters

• Parameters that adjust size of movement
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PSO Velocity 
Update 

Parameters

• Parameters that adjust size of movement



Summary
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PSO SWOT Analysis
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Individual 
Simulation


