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1
ABSTRACT 

 
 

This paper presents a novel metaheuristic method for solving an 

extended Markowitz portfolio selection model. In the extended model, 

the objective function has been modified to include realistic objectives 

and four additional sets of constraints, i.e., bounds on holdings, 

cardinality, minimum transaction lots, and liquidity constraints have 

been also included. The first set of constraints guarantee that the 

amount invested (if any) in each asset is between its predetermined 

upper and lower bounds. The cardinality constraint ensures that the 

total number of assets selected in the portfolio is equal to a predefined 

number. The liquidity constraints reflect the investors' tendency to 

invest on those stocks that are more quickly tradeable.  

The extended model is classified as a multi-objective mixed-integer 

programming model necessitating the use of efficient heuristics to find 

the solution. In this paper, we propose a heuristic based on pareto 

combined ant colony optimization and simulated annealing 

approaches. The performance of the proposed approach is compared 

to some other approaches using Tehran Stock Exchange data. The 

computational results show that the proposed approach effectively 

outperforms other approaches subject to the computation time needed 

and the quality of the obtained solutions especially in large-scale 

problems. 
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1) Genetic Algorithm (GA) 
2) Vector Evaluated Genetic Algorithm (VEGA) 
3) Multi-Objective Genetic Algorithm (MOGA) 
4) Niched Pareto Genetic Algorithm (NPGA) 
5) Random Weighted Genetic Algorithm (RWGA) 
6) Nondominated Sorting Genetic Algorithm (NSGA) 
7) Strength Pareto Evolutionary Algorithm (SPEA) 
8) Evolutionary Multi-objective Optimization 
9) Simulated Annealing (SA) 

(MOCO)

PACO-SA

PACO-SA

PACO-SA

                                                 
10) Pareto Simulated Annealing (PSA) 
11) Ant Colony Optimization (ACO) 
12) Combined Pareto Ant Colony Optimization with Simulated 

Annealing (PACO-SA) 
13) Pareto Ant Colony Optimization (P-ACO) 
14) Pareto Simulated Annealing (PSA) 
15) Fast Elitist Non-Dominated Sorting Genetic Algorithm (NSGA-
II) 

16)
 Binary Tree
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1)

 Minimum Transaction Lots 
2)

 Cardinality Constraints 
3)

 Liquidity Constraints 
4)

 Transaction Cost 
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