
Course C02: Metaheuristics for Optimization  

Overview This course offers an introduction to metaheuristics for optimization, 
beginning with single-solution methods and progressively moving toward more 
advanced population-based and multi-objective approaches. It starts with the 
foundations of local and iterative improvement, including hill climbing, steepest 
descent, first-improvement, and randomized local search, so students 
understand how solutions are explored in a neighborhood. The program also 
includes restart and neighborhood-based strategies such as iterated local 
search, variable neighborhood search, variable neighborhood descent, and 
GRASP, giving students a strong practical understanding of how modern 
metaheuristics balance intensification and diversification in difficult 
optimization problems. 

The second part of the course expands to population-based optimization, with 
special emphasis on evolutionary algorithms and probabilistic model-based 
methods. The program is completed with other influential population-based 
techniques, including differential evolution, memetic algorithms, particle 
swarm optimization, and ant colony optimization Overall, the course is 
designed to provide both a solid theoretical framework and a practical toolbox 
for solving complex real-world optimization problems with state-of-the-art 
metaheuristic methods. 

Program • Single-solution Metaheurístics 
o Local and iterative search 
o Methods for escaping local optimum 
o Methods based on memory 
o Restart methods 
o Applications of Metaheuristics 

• Evolutionary Algorithms 
o Genetic Algorithms (GA) 
o Genetic Programming (GP) 
o Grammatical Evolution (GE) 
o Evolution Strategies (ES) 
o Evolutionary Programming (EP) 

• Algorithms based on estimation of distributions 
o Estimation of Distribution Algorithms (EDA) 
o Population-Based Incremental Learning (PBIL) 
o Compact Genetic Algorithm (cGA) 
o Bayesian Optimization Algorithm (BOA) 
o Hierarchical BOA (hBOA) 

• Other Population based Algorithms 
o Differential Evolution (DE) 
o Memetic Algorithms (MA 
o Particle Swarm Optimization (PSO) 
o Ant Colony Optimization (ACO) 

• Multi-Objective Optimization Using Evolutionary Algorithms 
o Multi-Objective Optimization. 
o Classical Methods. 
o Multi-Objective Evolutionary Algorithms. 
o Non-Elitist Multi-Objective Evolutionary Algorithms. 
o Elitist Multi-Objective Evolutionary Algorithms. 
o Constrained Multi-Objective Evolutionary Algorithms. 
o Applications of Multi-Objective Evolutionary Algorithms. 
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Prerequisites: The course is geared to participants with a technical background and 
familiarity with programming  methods and tools (e.g. python). 
 

Readings before coming: Not compulsory, Chapter 3 Eiben, A. E., & Smith, J. E. (2015). Introduction to 
Evolutionary Computing (2nd ed.). Springer. 
 
 

 

 


