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1. Introduction

The process of any country’s development, specificity of implementing economic, social and political
transformations in the context of global competition are always associated with a constructive economic
development strategy that should be in line with the national interests and global trends in structural change.

Sustainable development is the current imperative of the economic system’s structural rearrangement.
Consequently, an increase of the world countries’ competitiveness is correlated with the economic growth,
modernization of the economy and society in accordance with the socio-economic indicators of sustainable
development.

Under such conditions, modern theory and practice require elaborating new models of forecasting the economic
systems’ development, adapted to current realities. Taking into account contemporary integration processes, it is
of particular significance to develop models that take into account the current state and prospects of applying
factors and reserves to improve the international entities’ efficiency in the direction of achieving sustainable
development.

The following scholars research the problem of economic growth in the context of sustainable development
Kazmierczyk & Akulich 2018a, 2018b; Kvilinskyi et al. 2017; Kwilinski et al. 2019; Lakhno et al. 2018;
Lankauskiené & Tvaronavi¢iené 2012; Luukkanen et al. 2019; Pajak et al. 2016; Raudelitiniené et al. 2014;
Solarin & Bello 2018; Tkachenko et al. 2019; Tvaronaviciené et al. 2014; Vosylius et al. 2013; Eddelani et al.
2019; Zeibote et al. 2019; Prakash, Garg 2019).

The scientific results obtained are not exhaustive due to the high dynamism and multivariate nature of the
available research object. All of the above serve a prerequisite for further research and for setting the purpose of
this article: to simulate the estimation of socio-economic parameters of international entities’ sustainable
development.

2. Literature review

At the initial stage, the ecological component dominated the approaches to determining the prerequisites for
sustainable development: the Clean Development Mechanism (Karakosta et al. 2009; Edingera & Kaulb 2000),
low carbon growth pathways (Blohmke 2014; Figueroa & Ribeiro 2013; Karpenko et al. 2018; Mazurkiewicz &
Lis 2015, 2018; Pajgk et al. 2017; Razminiené, Tvaronavi¢iené 2018; Yang et al. 2018), etc. At present,
sustainable development provides for a broad range of socio-economic issues along with environmental ones in
their interconnection and interaction: relationships between the natural environment and poverty (Schleicher et al.
2018), human rights-based approaches to global challenges (Arts 2017), aligning the Sustainable Development
Goals with existing governance arrangements, and integrating the economic, social and environmental dimension
(Biermann et al. 2017).

Socio-economic background for sustainable development is determined by economic development and the fight
against income inequality. Income inequality quickly grows into inequality of well-being, which negatively
affects social mobility — the basis of society's structure. Inequality is a social characteristic of a certain social state
of individuals, certain segments of the population, which reflects their civil status, political and legal rights, and
their relation to the means of production and its results. Inequality has social and economic aspects. The social
aspect determines the people’s unequal access to social rights and freedoms (the right to employment, health care,
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medical care, etc.), while economic aspect is associated with the process of income distribution, inequality of
opportunities, and discrimination. According to K. A. Nordstrdm and J. Ridderstrale, polarization in the modern
society is increasing, and new types of inequalities arise: value, education, information ones, etc. (Nordstrom &
Ridderstrale 2000). Under these conditions, the asymmetry of the world countries’ development is growing,
which increases the gaps among the living standards of different segments of the population.

Social tension reveals the deepest level of human values and expresses people’s true sense of life orientation.
From the existential standpoint, sense-of-life values are formed basing on recognition of the objectively rational
meaninglessness of existence, which forces an individual to construct his own value system by choosing and
taking responsibility for this choice to oneself. Existential level of the value system in this case forms the human
resource component of the economic development.

Access to education characterizes the social aspect of the economic development. Together with material wealth,
knowledge belongs to the list of scarce resources, the volume of which determines the integral position of an
individual in the social space, associated with a specific set of life opportunities. Qualitative education, namely,
the new knowledge and ability to use them to form human capital is a momentum of the economic development.

The informational type of fragmentation determines the information environment and the ability to adapt to it.
One of the current characteristics of the informational type of fragmentation is the number of the Internet users.
The number of Internet users as on July 30, 2018 amounted to 4,208,571,287 people out of the total world
population of 7,634,457,932 people (Internet World Stats 2018). According to the research by RetailMeNot Inc.,
the world’s largest producer of digital coupons on the commodity market, the scope of the Internet trade has
grown significantly in recent years. The share of Internet commerce accounts for 6.5% of total retail sales in the
world (Centre for Retail Research 2018). It should be borne in mind that the real value of this indicator is higher
than 6.5%. This is due to the large number of small online stores, whose activities are virtually impossible to be
taken into account. The Internet opens the door to the labour market, which is actively developing in the virtual
space. Only Quintessential Careers, the most authoritative and comprehensive career development site according
to Forbes, offers over 50 job placement portals. The Internet is an environment for knowledge sharing and access
to it. Free access to scientific information leads to an increase in the rate of scientific and technical progress.
Given the aforementioned, the number of the country’s Internet users should be considered as one of the sources
for the economic growth.

It should be noted that the world system’s transition towards sustainable development depends on the real socio-
economic opportunities for each country’s development. Ensuring the balance of the socio-economic system
means overcoming the income inequality and the effective use of the resources promoting the economic
development in the interests of the population. Consequently, the socio-economic dimension of sustainable
development implies an increase in the quality of life and well-being of the international entities under the
influence of sources for economic growth.

3. Methodology

This article develops and analyses a set of fuzzy logic models, which determine the index of living standards and
prosperity of the international entities under the influence of sources of economic growth. The index of living
standards and prosperity of the international entities under the influence of sources of economic growth is
determined by the indicators applied by the Human Development Report Office (HDRO) at the United Nations
Development Programme (UNDP) in calculating the Human Development Index (HDI). These calculations are
based on the statistical values for 189 countries with the most recent data for 2017. Of these countries, 59 are in
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the very high human development group, 53 in the high, 39 in the medium and only 38 in the low (Human
Development Report 2018).

A set of models consists of:

1. Model A, a fuzzy logic model for determining the degree of international trade and investment relations
development, which forms the component of international trade relations in the general structure of the models
set.

2. Model B, a fuzzy logic model determining the degree of life expectancy and the extreme stress component
of life, which leads a person to decide on its termination (suicide). The model forms the human resource
component in the overall structure of the models set.

3. The Unit for calculating the education index EI, which forms the component of the education duration and
availability in the overall structure of the models set.

4. Model C, a fuzzy logic model for determining the index of living standards and prosperity of the
international entities under the influence of sources of economic growth. Model C uses the calculations results of
model A, model B, a calculation unit for the education index El and the following indicators:

- EPR - employment to population ratio;

- IU - Internet users;

- RDE - Research and development expenses.

3.1. Model A

The fuzzy logic model for determining the degree of international trade and investment relations development
(model A) contains three fuzzy input variables and one output. The value of the resulting variable IR
(international rate) reflects the degree of international trade and investment relations development for each of the
countries. The value of this indicator is within the range from 0 to 1. The indicator is a dimensionless quantity.
The IR calculation is based on the statistical values of the indicators given in Table 1.

Table 1. The calculated basis for the variable IR model of the degree of international trade and investment relations development

Parameter name Parameter definition, according to the UN terminology database

International trade (IT) A basic indicator of openness to foreign trade and economic integration. It indicates
the dependence of domestic producers on foreign demand (exports) and of domestic
consumers and producers on foreign supply (imports), relative to the country’s
economic size (GDP). Trade is the sum of exports and imports of goods and services
measured as a share of gross domestic product.

Foreign direct investment, | Sum of equity capital, reinvestment of earnings, other long-term capital and short-

net inflows (FDI) term capital, expressed as a percentage of GDP.
Private capital flows Net foreign direct investment and portfolio investment, expressed as a percentage of
(PCF) GDP.

Source: own processing according to data of the Human Development Report (2018)

The structure of the fuzzy logic model is shown in Figure 1.
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Fig.1. The structure of the fuzzy logic model that reflects the international trade component
Source: authors’ research

The structure of the model shown in Figure 1 corresponds to the structure of the fuzzy logical conclusion (Terano
et al. 1994). In blocks of IT, FDI, PCF there are phasification processes, that is, the conversion of clear values of
variable inputs into a fuzzy form by determining a degree of the input value belonging to its terms. The result of
the IR block calculation is subject to de-phasificatiol

The rules of the Mamdani fuzzy knowledge base are compiled taking into account the hierarchy of the priorities
of the input variables established by MAI Saaty (the Saaty method of hierarchies’ analysis) for an agreed matrix
of pairwise comparisons (Mamdani 1974; Saaty 2001). Knowledge base rules determine the dependence of IR on
IT, FDI, PCF in case the ratios of the specified characteristics are different: extra low - EL; low - L; medium - M;
high - H); extra high - EH. Knowledge base rules are as follows:

1L If(ITisL)and (FDIlis L) and (PCF is L) then (IR is EL)

2. 1f (ITisL) and (FDI is L) and (PCF is M) then (IR is EL)

3.1f (ITisL)and (FDI is L) and (PCF is H) then (IR is EL

4. If (ITis L) and (FDI is M) and (PCF is M) then (IR is EL)

5.1f (ITisL) and (FDI is H) and (PCF is M) then (IR is L)

6. If (IT is L) and (FDI is M) and (PCF is H) then (IR is L)

7. 1f (ITisL) and (FDI is H) and (PCF is H) then (IR is L)

8. If (ITisM)and (FDIl is L) and (PCF is L) then (IR is L)

9.If (IT is M) and (FDI is L) and (PCF is M) then (IR is M))

10. If (IT is M) and (FDI is L) and (PCF is H) then (IR is M)

11. If (IT is M) and (FDI is M) and (PCF is M) then (IR is M)

12. 1f (IT is M) and (FDI is H) and (PCF is M) then (IR is M)

13. If (IT is M) and (FDI is M) and (PCF is H) then (IR is M)

14.If (IT is M) and (FDI is H) and (PCF is H) then (IR is H)

15. If (IT is H) and (FDI is L) and (PCF is L) then (IR is H)

16. If (IT is H) and (FDI is L) and (PCF is M) then (IR is H)

17.1f (IT is H) and (FDI is L) and (PCF is H) then (IR is EH)

18. If (IT is H) and (FDI is M) and (PCF is M) then (IR is EH)

19. If (IT is H) and (FDI is H) and (PCF is M) then (IR is EH)

20. If (IT is H) and (FDI is M) and (PCF is H) then (IR is EH)
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It is necessary that the knowledge base is compact, that is, it contains close to the minimum number of rules
necessary for an adequate modelling of the studied dependence. With a large number of input variables, the
compactness of the knowledge base provides a hierarchical representation of the rules (Rotshtein 1998; Miller

1956).

Terms of a fuzzy logic model are shown in Figure 2.
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Fig. 2. Graphic representation of the terms of the model, reflecting the degree of international trade and investment relations development

Source: authors’ research

Figure 2 shows the terms of the model variables. The boundaries of the input variables terms are determined on
the basis of statistical analysis of the data for each of the variables.

The graphs of the surfaces reflecting the dependence of the output values on the input values are shown in Figure

3.
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Fig. 3. The graphic representation of surfaces that shows the dependence of the variable IR on variables FDI, IT and PCF
Source: authors’ research

The surface graphs shown in Figure 3 illustrate the existence of nonlinear dependencies between the input
variables and the output variable in the model.

3.2. Model B
The fuzzy logic model evaluating the life-cycle (model B) contains two fuzzy inputs and one output. The value of
the resulting variable SF (stability fraction) reflects the degree of life expectancy. The value of this indicator is

within the range from 0 to 1. The indicator is a dimensionless quantity. The calculation of SF is based on the
statistical values of the indicators given in Table 2.

Table 2. The estimated base of the model’s SF variable estimating the life expectancy in the country

Parameter name Parameter definition, according to the UN terminology database
Life expectancy at birth (LEatB) Number of years a new-born infant could expect to live if prevailing
patterns of age-specific mortality rates at the time of birth stay the same
throughout the infant’s life.

Suicide rate (SR) Number of deaths from purposely self-inflicted injuries, in the total
population or of a given sex or age, divided by the total number of the
reference population, expressed per 100,000 people.

Source: own processing according to data of the Human Development Report (2018)

The structure of the fuzzy logic model is presented in Figure 4.
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Fig. 4. The structure of a fuzzy logic model that reflects the component of the life duration and marginal stress component in the country
Source: authors’ research

The structure of the model shown in Figure 4 corresponds to the structure of the fuzzy logic conclusion and
involves transformation of the output quantity into a number (the dephasing process) (Terano et al. 1994).

The rules of the Mamdani fuzzy knowledge base are compiled taking into account the hierarchy of priorities of
the input variables, established by MAI Saaty according to an agreed matrix of pairwise comparisons. The rules of
the knowledge base determine the dependence of SF on LEatB and SR provided the ratios of these characteristics
state are different: EL, L, M, H, EH. Knowledge base rules are as follows:

. If (LEatB is L) and (SR is L) then (SF is H)

. If (LEatB is L) and (SR is M) then (SFis L)

. If (LEatB is L) and (SR is H) then (SF is EL)

. If (LEatB is M) and (SR is L) then (SF is EH)

. If (LEatB is M) and (SR is M) then (SF is M)

. If (LEatB is M) and (SR is H) then (SF is EL)

. If (LEatB is H) and (SR is L) then (SF is EH)

. If (LEatB is H) and (SR is M) then (SF is H)

. If (LEatB is H) and (SR is H) then (SF is L)

O©oo~No ok, wWwN B

It should be noted that the expected life expectancy at birth (variable LEatB) and the suicide ratio (variable SR)
have a different directional effect on the resulting variable SF, which characterizes the life expectancy of the
country. There is an inverse proportional relationship between SF and SR. A surface graph describing the output
value (SF) dependence on input values (LEatB and SR) is presented in Figure 5.
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LE=tE

Fig. 5. The graphical representation of the surface, showing the dependence of the SF variable on the variables LEatB and SR

Source: authors’ research

The surface graph shown in Figure 5 indicates a nonlinear relationship between the input variables and the output

variable in the model.

3.3. Education index

The calculation of the education index (EI) is based on the statistical values of the indicators given in Table 3.

Table 3. The calculation basis for the index of education El

Parameter name

Parameter definition, according to the UN terminology database

Mean years of schooling (MYS)

Average number of years of education received by people ages 25 and
older, converted from education attainment levels using official durations
of each level.

Expected years of schooling (EYS)

Number of years of schooling that a child of school entrance age can
expect to receive if prevailing patterns of age-specific enrolment rates
persist throughout the child’s life.

Source: own processing according to data of the Human Development Report (2018)

Education index El is calculated by the formula (1):
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MYS, —MYS EYS, —EYS,,
| min I min )/2 (1)

El =( +
MYS .. —MYS .. EYS_, —EYS

where MYS; — the average number of years of training for the i-th country;

EYS, — expected duration of training for the i-th country;

MYS, . — the maximum number of years of study among countries according to 2017 data;

EYS, .. — the maximum expected duration of education in countries according to 2017 data;

MYS,;, — the minimum number of years of study among countries according to 2017 data;

EYS ;, — the minimum expected duration of education in the world countries according to 2017 data.

The above formula is used by the UN to calculate this index and is given in the technical documentation
accompanying the Human Development Report (2018). It also explains the choice of maximum and minimum
values, according to the UN experts.

3.4. Model C

The fuzzy logic model determining the index of living standard and prosperity of the international entities under
the influence of the sources of the economic growth (model C) is a model of the top level of hierarchy. It includes
the first two models and the results of calculations of the education index EI. It also comprises three more
independent variables shown in Table 4.

Table 4. The calculation base of the model determining the influence of sources of economic growth on the index of living standards and
prosperity of the international entities.

Parameter name Parameter definition, according to the UN terminology database
Employment to population ratio (EPR) Percentage of the population ages 15 and older that is employed.
Internet users (1U) Percentage of people with access to the worldwide network

Research and development expenditure (RDE) | Current and capital expenditures (both public and private) on creative
work undertaken systematically to increase knowledge and the use of
knowledge for new applications, expressed as a percentage of GDP. It
covers basic research, applied research, and experimental development.
Gross national income (GNI) per capita Aggregate income of an economy generated by its production and its
ownership of factors of production, less the incomes paid for the use of
factors of production owned by the rest of the world, converted to
international dollars using PPP rates, divided by midyear population.

Source: own processing according to data of the Human Development Report (2018)

Figure 6 presents the overall structure of the final model for determining the index of living standards and
prosperity of the international entities under the influence of sources of economic growth.

The structure of the model shown in Figure 6 corresponds to the hierarchical system of fuzzy logical conclusion.

The system presented allows establishing multifactorial dependence, using the results of the logical conclusion
from the fuzzy knowledge bases of previous levels, namely results of model A and model B.
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Fig. 6. The structure of the model for determining the index of living standards and prosperity of the international entities under the
influence of sources of economic growth
Source: authors’ research

In order for the result of the model (variable Z) to be of dimensionless quantity and to show the degree of the
country's GNI in comparison with the best values among the countries of the world, but not its absolute
dimension, all GNI values should be normalized:

. GNI,
N =G, )

where GNI" — the normalized value of per capita GNI for the i-th country;
GNI; - the value of per capita GNI for the i-th country;
GNImax - maximum per capita GNI per a country according to 2017 data.

Figure 7 presents the initial multidimensional array of 70 elements to train the model to determine the index of
living standards and prosperity of the international entities under the influence of sources of the economic growth.

The abscissa axis in Figure 7 shows the numbers of the ordered elements of a multidimensional array, which
includes the following parameters of the model: IR, SF, El, EPR, IU, RDE. The values of the original variable Z
are within the range from 0 to 1.

The fuzzy model training was carried out using the method of subtractive clusterization (Hoppner et al. 1999).
This method is used in the case when it is impossible to determine in advance the number of clusters. The
algorithm is informed by the ideas of the mountain clustering, which was proposed by Ronald Yager and Dimitar
Filev. The specific feature of the method is no necessity to set the number of clusters before starting an algorithm
(Shtovba 2007; Karakose & Akin 2010). In the first step of mountain clustering, there are defined points which
can be the centres of clusters. In the second step, for each such point, the potential value is calculated, which
shows the possibility of forming a cluster in its outskirts. The more densely are the objects located in the outskirts
of the cluster's potential centre, the higher is the value of its potential. After this, the centres of clusters are iterated
among the points with maximum potentials.
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Fig. 7. Initial data
Source: authors’ research

The graph of training errors is presented in Figure 8.

Fig. 8. The error dynamics in the model training process
Source: authors’ research

The data presented in Figure 8 indicate that in the model training process the model’s error dropped from 0.00006
to 0.00002.
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Using statistics of a multidimensional array, threshold values are automatically corrected to minimize the model
error. In essence, this process represents the fitting of the model, implemented by the algorithms applied, to the
existing training data. An error for a model's specific configuration is determined by an iterative run through a
model of all available observations and a comparison of the output values calculated using a model with desired
(target) values. All such differences are summed up in the so-called error function, the value of which is the
model's error (Kendall & Stuart 1979; Bishop 1996).

The verification of the synthesized fuzzy logic model efficiency in determining the index of living standards and
prosperity of the international entities under the influence of sources of the economic growth (model C) according
to the output data is summarised in Figure 9.

The results of the model C testing after its training, presented in Figure 9, indicate that the calculated values of the
resulting indicator obtained with the help of the model coincide with its actual values.
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Fig. 9. Results of the model C testing after its training
Source: authors’ research

Figure 10 shows the internal logic of the top-level model C, the input of which has 6 variables, and the base of
fuzzy knowledge contains 20 rules.

1851


http://jssidoi.org/jesi/
http://doi.org/10.9770/jesi.2019.6.4(21)

ENTREPRENEURSHIP AND SUSTAINABILITY ISSUES
ISSN 2345-0282 (online) http://jssidoi.org/jesi/

2019 Volume 6 Number 4 (June)
http://doi.org/10.9770/jesi.2019.6.4(21)

inpt inpLtmf rule oLtputmt output
"
¢ ®
W A
i
Logical Operations
. and
® -

Fig. 10. The internal logic of a model defining the index of living standards and prosperity of the international entities under the influence
of sources of the economic growth
Source: authors’ research

Figure 11 depicts a graphical representation of the model C system of rules on the example of Norway.
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Fig. 11. Calculation of the total index of living standards and prosperity Z according to Norway's statistical data
Source: authors’ research
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Figure 11 shows calculation of the total living standard and prosperity index Z based on Norwegian statistics,
which ranks first in terms of HDI according to the UN data as of 2017.

4, Results and discussions

The analysis of modelling results suggests that foreign trade is a source of the economic growth, but its large
volumes are not an obligatory component in forming a high level of gross national income per capita. This is
evidenced by the figures given in Table 5. Countries shown in Table 5 ranked by 2017 Human Development
Index (HDI) value.

Table 5. Relationship between the level of living standards and prosperity of the international entities with the level of international trade
and investment relations development

HDI rank Country Index of international trade and Index of living standards and prosperity
investment relations development IR of the international entities Z
1 Norway 0.50 0.797
5 Germany 0.28 0.540
7 Sweden 0.35 0.559
10 Netherlands 0.79 0.561
14 United Kingdom 0.50 0.458
20 Austria 0.25 0.532
33 Poland 0.50 0.306
36 Lithuania 0.65 0.332
71 Georgia 0.50 0.108
88 Ukraine 0.25 0.095

Source: compiled by the authors based on authors’ research and data of the Human Development Report (2018)

The results of calculations summarised in Table 5 indicate that there are countries in which the level of
international trade and investment relations development is significantly lower than the average level of this
indicator among other countries of the world, but this does not prevent them from achieving a high level of gross
national income per capita. Among such countries are Norway, the US, Germany, Japan. Index Z values for these
countries are high because of high standards of living and substantial research and development expenses. This is
evidenced by the value of the predicted life expectancy at the birth of the LEB > 80 years and the value RDE =
3%.

In the context of international trade and investment relations development, Ukraine has indicators close to the
average in comparison with other countries, but due to low values of other parameters of the model (LEB = 72.1
years, EPR=49.1%, IU = 52.5%, RDE = 0.6%), its index of living standards and prosperity of the international
entities is very low and accounts for only 0.095. By the level of this indicator’s value, Ukraine takes the 111th
place among other countries of the world. The countries neighbouring Ukraine in terms of Z indicator are Jordan,
Namibia, Indonesia, Mongolia, Jamaica, Armenia, Paraguay, Guatemala, Jamaica.

Under these conditions, potential sources of the economic growth in Ukraine may include:

- research and development expenses RDE, because for countries with high levels of living standards and
prosperity, the RDE value is on average 2.5% of GDP;

- the Internet users’ distribution IU, because for developed countries the value of TU is not less than 70% of
the total population of the country.
This is evidenced by the predicted value of Z indicator, which was obtained by simulation results.
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After all, the increase of the RDE from 0.6% to 2.5%, which is standard for many developed countries such as
France, Austria, Germany, Singapore, Canada, and Australia, will ensure a three-times increase of the Z index
(Z=0.285). The countries closest to the Z indicator’s value = 0.285 are Malaysia, Hungary, Latvia, and Greece.

An increase in the IU indicator from 52.5% to 62.5% will result in 2.3 times increase of Z (Z = 0.21). For 53
countries of the world, such as Norway, Denmark, Great Britain, Canada, Germany, France, USA, Japan,
Hungary and others 1U values are no less than 70%.

An analysis of the general status of international entities by sources of the economic growth is summarised in
Table 6.

Table 6. An analysis of the international entities

| The indicator's average value _ P_ercent'age of c_ountries in which the
ndex among the countries of the world indicator's v_alye is less than t_he.average
or the statistical data are missing, %

Index of Development of

International Trade and Investment 0.32 60.0

Relationships, IR

Lifecycle index, SF 0.78 55.2

Education index, El 0.58 45.2

Internet users, U 45.7% 44.6

Employment population ratio, ERP 58.6% 47.1

Research and development

expenses, expressed as a percentage 2% 85.6

of GDP, RDE

Source: compiled by the authors based on authors’ research and data of the Human Development Report (2018)

The results of the calculation shown in this table indicate that, for the indicators RDE, IR, SF, more than half of
the world's countries are lower than the average. The worst results are observed in RDE, with only 14.4% of
countries having research and development expenses of more than 2% of the country's GDP.

Thus, it can be concluded that the greatest potential to influence the countries' economic development is seen in
the process of increasing expenditures (both public and private) for research aimed at raising the level of
knowledge systematically and at transforming knowledge into new technologies (RDE factor). The optimal level
of RDE is 2.5 - 3% of the country's GDP, as evidenced by the world experience. The second place among the
sources of economic development is taken by international trade and investment relations development (IR) and
the improvement of social and economic conditions for living in the country (SF). The third place among the
sources of the economic development by their potential belongs to the distribution of the global Internet and the
creation of easy-access conditions for the Internet users (IU) and addressing employment problems (EPR). As for
the level of education (EI), its low level is now a characteristic feature of Africa, not of the world as a whole.

It should be borne in mind that there are no data on the majority of indicators presented in the UN reports for the
vast majority of countries (Cambodia, Congo, Zambia, Nepal, Pakistan, Angola, Zimbabwe, Nigeria, Senegal,
Uganda, Afghanistan, Mali, Mozambique and others) in the so-called Low Human Development group. Thus, the
lack of data in these countries leads to distortion of the model results at some intervals in the field of determining
the input parameters. For the models developed, these are low values intervals of independent variables. The UN
researchers use approximation methods, which also distorts the calculations results of the HDI indicator’s final
value.
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In a number of countries, there are atypical combinations of values used in the model. These are countries whose
economies are entirely or largely dependent on the oil or gas trade, such as Qatar, Iran, Irag, Kuwait, Saudi
Arabia, Russia, the People's Republic of China. For the developed set of models, they are the so-called statistical
noise. This, in turn, increases the error in the calculations obtained on the basis of the model.

Having excluded from the information matrix the lines with incomplete data, the model C final training was
informed by 70 observations, which covered all groups of countries as much as possible. The training resulted in
cluster groups and 20 rules. Model C gives precise results when input data fall within the range of the clusters
found. This is evidenced by the fact that in the training process the model's error has dropped from 0.00006 to
0.00002. But, due to the problem of incomplete initial data in the model, there are "blind" zones (intervals). In
case input parameters fall within these intervals, the result of the model calculation can differ considerably from
the actual one. It should be noted that the above problem is typical only of model C. It is absent in models A and
B, since they are Mamdani type models, and the fuzzy knowledge base (model rules) is composed using MAI
Saaty and the economic logic.

The developed set of models was realized in Simulink, which is one of the MATLAB computing modules. Figure
12 presents the models set implementation in Simulink environment on the example of calculating the Z indicator
according to Norway's data.

[=2]
L:
@ i

El

Display

£

Fig. 12. Implementation of a models set in Simulink
Source: authors’ research

In Figure 12, the value of the indicator Z = 0.797 indicates that this combination of input parameters values
(sources of the economic growth) allows generating a high level of gross national income (GNI) per capita (the
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value is close to one) in Norway. Modest use of the income obtained will further increase the potential of the state
in order to:

- improve the health care system, health insurance, and implement programs aimed at protecting the
environment;

- fund research programs;

- improve the education system to meet the current and future needs;

- provide free access to information;

- solve the problems of employment for the population;

- develop international trade relations.

5. Conclusions

The developed set of fuzzy logic models that defines the index of living standards and prosperity of international
entities under the influence of sources of the economic growth provides an opportunity to estimate the expected
level of gross national income per capita at different combinations of values of independent variables. The result
obtained can be used in elaborating the programs of national economies' strategic development in the direction of
achieving sustainability.

The software implementation of this set of models provides an opportunity of its automated application to do real-
time calculations, which allows performing the function of monitoring the indicators used in the models. Each of
the developed models can be used independently or be involved in another set of models depending on the
research objectives. That is, each model is a functional, independent unit.

Further studies aimed at developing a comprehensive methodology for quantitative estimation and analysis of the

balance level of social and economic system at the national and world levels proves to be a promising area of the
research.
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