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Summary 
We constantly face with decision making in a variety of areas. Often decisions are made after evaluating 
various alternatives, taking into account not only one but several criteria. This is called multi-criteria 
decision making. The first part of the course provides knowledge about multi-criteria decision making, 
methods used in decision making, and decision support systems. The second part is intended for multi-
criteria optimization. The third part deals with decision making, when the decision is made by 
interpreting the image obtained by visualizing the analyzed data in a certain way. Several basic 
visualization methods are analyzed. The benefits of visualization for the classification and clustering 
tasks are explored. Ph.D. students will gain knowledge of multi-criteria decision making, the basic 
methods used in decision making and the ability to apply them in solving real-life decision making tasks. 
 
Main topics: 
1. Multi-criteria decision making 

1.1. Main concepts and tasks 
1.2. Methods, used in decision making 

1.2.1.  Pair comparison method  
1.2.2.  Pareto technologies 
1.2.3.  Fuzzy technology 
1.2.4.  ELECTRE method 
1.2.5.  PROMETHEE method 
1.2.6.  TOPSIS method 

1.3. Decision support systems, principles of their development, examples of systems. 

2. Multi-criteria optimization 
2.1 Formulation of the multi-criteria optimization problem (variables, criteria, objective functions, 

constraints, role of decision maker) 
2.2 Multi-criteria optimization problem solutions (Pareto set, Pareto front, dominance relationships  
2.3 The classification of multi-criteria optimization methods according to the role of the decision 

maker 
2.4 Multi-criteria optimization methods based on decision maker’s preferences 
2.5 Visualization of the Pareto front 

 

3. Visual decision making 
3.1 The objectives of the visualization and its benefits in decision making 
3.2 Data visualization methods 

3.2.1 Direct visualization methods (scatter plot matrix, parallel coordinates, Andrews curves, 
faces of Chernov faces and others) 



3.2.2 Dimensionality reduction-based methods (principal component analysis, 
multidimensional scaling) 

3.2.3 Self-organizing neural networks (maps) 
3.3 Interpretation of results and decision making 
3.4 The benefits of visualization in solving the problems of classification and clustering 

(dendrogram, visualization of the results of the k-mean method) 
 
Practical assignment: to solve decision making and multi-criteria optimization tasks using selected 
decision support systems; to select a data set, and visualize it using various visualization methods; 
prepare a report in which the results should be described, conclusions should be drawn. 
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