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MODERN METHODS FOR PARAMETRIC IDENTIFICATION OF 

ECONOMIC INDICATORS APPROXIMATION MODEL 

  

Nowadays, the actual task is the development of methods for parametric 

identification of the economic indicators approximation model, which is used in 

intelligent financial computer systems. A particular interest is the approbation of such 

methods based on the economic data. The informatization level of the economy, society 

and business is important in today’s world. Any country in the world can benefit from 

the technological and digital innovations that develop, interact, improve and grow all 

the components of the economy. Therefore, it is very important to assess the 

relationship between indicators of the digital sphere and macroeconomic development 

results of the countries in the world. The methods based on the synthesis of 

probabilistic model algorithms and annealing simulation (Bayesian optimization with 

annealing simulation, Markov optimization with annealing simulation, and extended 

compact genetic algorithm with annealing simulation) were proposed to improve the 

efficiency of numerical optimization methods.  

The problem of increasing the efficiency of finding a solution to a numerical 

optimization problem based on probabilistic multidimensional discrete evolutionary 

metaheuristics is presented as the problem of finding such an ordered set of operators 

{ rpA , crA , gnA , rdA }, the iterative application of which ensures finding such a solution 
*x , for which min)( * xF  and minT , where rpA  – is the reproduction operator, 
crA  – is the probabilistic model creation operator, gnA  – is the descendant generation 

operator, rdA  – is the reduction operator. 

The level of digital technology development in different countries is largely 

determined by indicators and factors that form a comprehensive description of the 

socioeconomic object in many ways, reflecting the level of digital development and 

performance of different countries. 

We have formed the data set of macroeconomic indicators that form the national 

economy performance (the gross domestic product (GDP) per capita, final indicators 

for the year, US dollars, Y), and determine it through indicators of the digital 

technologies’ development. These indicators include frontier technology readiness 

index, annual (ICT-component), X1, frontier technology readiness index, annual 

(research and development component) X2, share of ICT goods as percentage of total 
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trade, annual, %, X3, International trade in digitally-deliverable 

services, value, annual, US dollars in millions, X4. All indicators were formed for the 

2010-2020 period, for 159 countries of the world economy. 

Numerical research was carried out using the scikit-opt module. The Pandas 

module was used to fill in missing values through linear interpolation, as well as for 

table data I/O. The economic indicators of 159 countries over 10 years have been used 

[1].  

The population size is 100K , maximum number of iterations is 100N  , 

initial temperature is 1060 T , cooling coefficient is 94.0 , size of intermediate 

population is 100
~
K , number of descendants is 100K


, maximum number of edges 

is maxA =2, parameter a=1.7. 

The results of the comparison of the proposed methods with the classical methods 

are presented in Table 1. 

Table 1 

Comparison of the proposed numerical optimization methods with the 

existing one based on the root mean square error criterion 
№  

Method 

Mean squared error of the method 

of the proposed 

method with 

annealing simulation 

of the existing 

method 

1 Bayesian optimization algorithm 0.04 0.08 

2 Markovian optimization algorithm 0.03 0.07 

3 Advanced compact genetic algorithm 0.02 0.06 

 

The selected values of the parameters of the proposed numerical optimization 

methods provide a high probability of mutation at the initial iterations and a low 

probability of mutation at the final iterations. Classical methods based on a 

probabilistic model do not consider the number of iterations in the reproduction 

operator, which reduces the accuracy of finding a solution. The proposed methods 

make it possible to eliminate these disadvantages. The proposed optimization methods, 

due to the principle of organizing the study of the entire search space at the initial 

iterations and the direction of the search at the final iterations, can improve the search 

accuracy, and also do not require the conversion of the fitness function. The proposed 

methods make it possible to expand the scope of metaheuristics based on probabilistic 

models and contribute to increasing the efficiency of intelligent economic computer 

systems. Prospects for further research is the study of the proposed methods for a wide 

class of artificial intelligence tasks. 
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