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Portofolio optimizaton problem
Example

How to invest 100'000 USD into Apple and Gold CFD?

Zaborski Algorytmy rojowe w optymalizacji portfela inwestycyjnego



Investment portfolio
Modern Portfolio Theory

Portfolio optimization
Swarm-based algorithms adopted for Portfolio Optimization

Portofolio optimizaton problem

Figure 1: Mark Faber's portfolio[8]
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Portofolio optimizaton problem

Figure 2: Mark Faber's portfolio performance[8]
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Portofolio optimizaton problem

Questions:

Do we want to invest full amount?

Are short positions available?

What is our goal?

Maximize pro�t?
Minimize risk?
Both?

Do we accept full investments into one stock?

How to assume (predict) future returns?
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Portofolio optimizaton problem

Portfolio (investment portfolio) is a collection of investments / asset distribution
Portfolio optimization is the process of selecting the best portfolio according to
assumed measure and constraints.
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Modern Portfolio Theory
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Modern portfolio theory[13]
Coca Cola yearly returns
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Modern portfolio theory[13]
Santa Fe yearly returns
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Single-objective approaches
Multi-objective approaches
Modern portfolio theory extensions

Modern portfolio theory[13]
80% CocaCola + 20% Santa Fe yearly returns
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Modern portfolio theory
De�nition[11]
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Modern portfolio theory
Single-objective approaches

1. Risk minimization with target return[11]:

2. Expected return maximization with target variance (risk)[11]:
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Modern portfolio theory
Single-objective approaches

3. Arrow-Pratt risk aversion (λ ≥ 0)[11]:

4. Other weighing methods
5. Sharpe Ratio model[14]

6. ...
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Modern portfolio theory
Alternative risk measures

Alternative risk measures:

Variance with skewness (VwS)

Value-at-Risk (VaR)

Conditional Value-at-Risk (CVaR) / Expected shortfall (ES)

Mean-Absolute Deviation (MAD)

Minimax (MM)

Maximum Drawdown (MDD)

Zaborski Algorytmy rojowe w optymalizacji portfela inwestycyjnego



Investment portfolio
Modern Portfolio Theory

Portfolio optimization
Swarm-based algorithms adopted for Portfolio Optimization

Single-objective approaches
Multi-objective approaches
Modern portfolio theory extensions

Modern portfolio theory
Constraints

Figure 3: Constraints for realistic portfolio management. [6]
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Modern portfolio theory
Constraints

Additional constraints (targets) examples:

Risk-free rate

Minimum and maximum group weights

Turnover (reduce rebalancing cost)

Concentration / concentration penalizing

Tax
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Figure 4: Pareto optimal front[5]
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Figure 5: Monte Carlo simulation for portfolios of di�ering weights of Google, Toyota, Coke,
and Pepsi stock[10]
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Modern portfolio theory
Multi-objective approaches

Figure 6: E�cient frontier[7]
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Figure 7: Models for portfolio optimization. [6]
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Figure 8: Models for portfolio optimization [6]
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Modern portfolio theory extensions

Modern portfolio theory disadvantages

Disadvantages:

Risk expectation inaccuracy

Vulnerability to stress (e.g. COVID-19)

Weights instability
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Modern portfolio theory extensions
Extensions

Extensions of MPT:

Custom expected returns

Non-normal distributions

Fat-tail distributions

Copula functions

Black�Litterman model [2] (custom expected returns + con�dence levels)
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Portfolio optimization
Process

1 Gather historical prices
2 Take care of currency risk
3 Calculate returns

Daily (missing data, interpolation)
Weekly, monthly, etc.

4 De�ne measures (objective function)
Single-objective
Multi-objective

5 De�ne constraints
6 Try di�erent portfolios and calculate objective function

Direct calculation
Simulation

7 Choose best one
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Portfolio optimization
Practical example
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Portfolio optimization
Practical example

Figure 10: Stock volatility
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Figure 11: Correlations
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Portfolio optimization
Practical example

Portfolio characteristic:

Returns: simple, weekly

Objective function: minσ2

Full investment

No short positions

Weights ≤ 0.4

Weights:

DRW - 0.2352

IDTL - 0.4040

PHYS - 0.3103

RIO - 0.0506

Performance: σ2 = 0.1200833
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Practical example
Solving techniques

Portfolio optimization
Challenges

Challenges:

Return expectations

Risk measures

Constraints de�nition

Custom models (objective function)

Computation complexity

Zaborski Algorytmy rojowe w optymalizacji portfela inwestycyjnego



Investment portfolio
Modern Portfolio Theory

Portfolio optimization
Swarm-based algorithms adopted for Portfolio Optimization

Practical example
Solving techniques

Portfolio optimization
Solving techniques

Solving techniques:

Random / Monte Carlo techniques

Linear programming - e�cient for unconstrained portfolio

Quadratic programming - e�cient for unconstrained portfolio

Mixed-integer quadratic programming - for cardinality constraints

Heuristic/metaheuristic algorithms:

Evolutionary Algorithms (EA)
Swarm Intelligence (SI)
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Swarm-based algorithms adopted for Portfolio Optimization
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Swarm-based algoritms adopted for Portfolio Optimization

Figure 12: Swarm based algorithms adopted for PO [6]
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Swarm-based algoritms adopted for Portfolio Optimization

Figure 13: Distribution of SI algorithms adopted for PO. [6]
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Swarm-based algoritms objectives

Figure 14: Classi�cation of SI Algorithms according to objective handling methodology [6]
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PSO principle

Figure 15: PSO visualisation[9]
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PSO principle[3]
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PSO principle

Figure 16: Construction of the next position[14]
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PSO principle

Figure 17: The �owchart depicting the general algorithm of PSO [14]
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Constraint handling

Figure 18: Distribution of constraint handling methodologies employed in SI algorithms adopted
for PO [6]
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Constraint handling[6]

Repair procedures - designed to rearrange proportions (weights) of securities to
satisfy all constraints

Reference (feasible) population [1]
Gradient-based techniques [1]

Penalty functions - added to original �tness functions for leading the algorithm
to feasible solutions in the end

Deb et al.[4]'s strategy
1 Pick 2 solutions from the population
2 Choose the solution with better objective function value
3 Choose the feasible solution
4 Choose the solution with smaller overall constraint violation
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MOPSO principle

Figure 19: Framework of MOPSO [12]
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MOPSO principle

Figure 20: Concept of search point in search space and hypercubes in search space [12]
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PSO in Sharp Ratio optimization

Figure 21: Six portfolios' results of PSO solver, GA solver and Excel solver [14]
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(MO)PSO e�cient frontier

Figure 22: E�cient frontier obtained during PSO portfolio optimization (SR) [14]
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Summary

Portfolio optimization is a multidisciplinary problem

Portfolio optimization is a complex problem

There is no one universal approach

Swarm intelligence is useful in portfolio optimization
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