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THE TOOLS FOR INTELLIGENT DATA ANALYSIS, MODELING
AND FORECASTING OF SOCIAL AND ECONOMICAL PROCESSES

The tools for intelligent data analysis, modelling, and forecasting were developed in MS Excel based on the procedure of analysis,
modelling, and forecasting of complex processes by the data base of social and economical processes. This data base contains in-
Jformation about the indicators that characterize development of digital economy in Ukraine. It will give an opportunity to automate
and improve the decision making process in the field of social and economical development of Ukraine at the regional level as well

as in comparison with other countries.
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Introduction

Nowadays many tools have been developed to solve
the problems of analysis, modeling and forecas-
ting, but the problem of building user-friendly tools
in the economic field remains relevant.

Social and economic data often contain gaps.
They may be unclear and incomplete. Often not
all factors influencing the process under study are
taken into account in the data. Expert data is often
used. They have a subjective component, i.e. de-
pend on the expert.

GMDH is one of the methods that allow buil-
ding models under such conditions, which is con-
firmed by the wide practice of its application. This
is a method of automatic model construction based
on expert observational data [1-3]. This method
has demonstrated its effectiveness in many fields of
human activity.

Therefore, based on this method, a toolkit for
data analysis, modeling and forecasting was de-

veloped. It focuses on solving the problems of the
digital economy. One of the elements of such tech-
nology is a database (DB), which characterizes the
development of Ukraine's digital economy. The
structure of such a database will be shown below.
It includes indicators that characterize the deve-
lopment of information and communication tech-
nologies (ICT) in Ukraine.

Review of the Application of Intel-
ligent Modeling Methods to Solve
Economic Problems

The methods of intelligent modeling are widely
applied for scientific, research, educational, and
commercial use.

There are many companies in the commercial
field nowadays that proclaim that they develop
intelligent models. They state that their mission
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is to create tools and methods that enable cost-
effective application-oriented innovations about
humans and their environments and blend togeth-
er converging multi-disciplinary discoveries into
actionable knowledge. They use tools and exper-
tise to help their customers shorten the innovation
cycle, develop offerings of high practical impor-
tance, and bring better products to the market
faster.

They use advanced technologies, mathema-
tics, and concepts to create powerful informational
models.

For example, the Intelligent Modelling and
Analysis (IMA) group of Nottingham University
has established itself as a unique brand in the UK
for end-to-end data modelling and analysis [4].
They represent themselves as a highly inter-dis-
ciplinary research group focusing on the develop-
ment of models and techniques for real-world and
multifaceted problems in data analysis. It includes
researchers from a variety of backgrounds includ-
ing computer science, the biomedical sciences,
operational research, mathematics, statistics and
complexity science.

They use a range of techniques including:

= Artificial Intelligence-based Data Mining;

» Bio-Inspired Algorithms;

= Computational Modelling;

= Discrete and Agent-Based Simulation;

» Fuzzy Methodologies;

= Multi-Sensor Data Fusion;

= Qualitative Methods including Structured
Interviews.

IMA's main research objectives are:

= Modelling and representation of challenging
problems, with particular emphasis on biomedical
and digital economy application domains;

= Creating cutting-edge analysis methodolo-
gies, both for general purposes and specifically tai-
lored to the main application domains;

= Focusing on difficult, challenging and impor-
tant real-world problems, with particular emphasis
on large and noisy data sets.

IMA fulfils projects in various fields including
digital economy and sustainable development.

The aim of their programme Sustaining Urban
Habitats is to develop a distinctively interdiscipli-

nary approach to producing and evaluating scena-
rios for sustainable living in urban habitats. With
two transition cities in Europe (Nottingham, Stut-
tgart) and two growth cities in China (Chengdu,
Shanghai) as the empirical focus, ways of com-
bining environmental and economic modelling
with social and cultural ethnographic work are
explored.

The Network for Integrated Behavioural Scien-
ce is a partnership among the Universities of Not-
tingham, Warwick and East Anglia. It is funded by
the Economic and Social Research Council. It is a
cross-disciplinary group of researchers who deve-
lop and test models of human behaviour and beha-
vioural change, and draw out their implications for
the formulation and evaluation of public policy.

Prototyping Open Innovation Models for ICT-
Enabled Manufacturing in Food Packaging Re-
search intends to harness and develop ideas from
the social media sphere, using the power of the
‘crowd’ to develop new products and types of pac-
kaging within the food industry. Involving a num-
ber of major industry partners the research will fo-
cus on designing a platform of ICT tools for state-
of-the-art manufacturing processes allowing cus-
tomers to be co-creators whilst products are being
developed. The ICT tools and platform will gather
content from users, organise those ideas, and in-
tegrate them with design and production systems.
The advantage of using consumers in product de-
velopment will be a shorter time to market for new
products, and the ability to integrate the design
and manufacturing process with people, so enab-
ling customers to have ‘conversations’ with brands
and manufacturers.

Horizon Digital Economy Hub will tackle the
challenge of harnessing the power of ubiquitous
computing for the digital economy in a way that is
acceptable to our society and increases the quality
of life for all. This will involve establishing a world-
leading and sustainable centre of excellence for
research and knowledge transfer for the ubiquitous
digital economy.

Multiscale Modelling to Maximise Demand
Side Management (DSM) is an answer how the
significant potential benefits of DSM can be maxi-
mised through the provision of a unified, versatile
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and affordable digital infrastructure that allows us
to reason across a whole energy system and sup-
ports new ways to exchange information between
dynamic multiscale DSM models.

The project Potential of Psychological Informa-
tion to Inform Credit Scoring utilizes psychologi-
cal characteristics of Personality Profiles in order
to guide Data Mining techniques that can explain
economic behaviours and improve credit scoring
models.

The Towards Data-Driven Environmental Policy
Design research project is an inter-disciplinary col-
laboration between the Western Australian Govern-
ment and the School for Computer Science at the
University of Nottingham. It combines advances in
uncertain data capture and computational intelli-
gence with value-driven planning and policy ma-
king processes to provide data-driven conservation
planning and policy making support mechanisms
and tools which are evaluated in real-world conser-
vation settings in Western Australia.

The Opening Developing World Markets by
Using Personal Data and Collaboration project
creates a platform that can provide businesses with
information about those behavioural groups based
on data streams that promote emerging economies
through a combination of academic expertise;
market intelligence expertise; and the combined
experience of an extensive network of UK and
international companies.

One of the most challenging issues in today’s
large-scale computational modeling and de-
sign is to effectively manage the complex dis-
tributed environments, such as computational
clouds, grids, ad hoc, and P2P networks opera-
ting under various types of users with evolving
relationships fraught with uncertainties. In this
context, the IT resources and services usually
belong to different owners (institutions, enter-
prises, or individuals) and are managed by dif-
ferent administrators. Moreover, uncertainties
are presented to the system at hand in various
forms of information that are incomplete, impre-
cise, fragmentary, or overloading, which hinders
in the full and precise resolve of the evaluation
criteria, subsequencing and selection, and the
assignment scores. Intelligent scalable systems

enable the flexible routing and charging, advan-
ced user interactions and the aggregation and
sharing of geographically-distributed resources
in modern large-scale systems.

In [5] present ideas, theories, models, technol-
ogies, system architectures and implementation
of applications in intelligent scalable computing
systems. Several important Artificial Intelligen-
ce-based techniques, such as fuzzy logic, neural
networks, evolutionary, and memetic algorithms
are studied and implemented. All of those tech-
nologies have formed the foundation for the in-
telligent scalable computing.

The increasing complexity of logistic networks
calls for a paradigm change in their modeling and
operations. Centralized control is no longer a
feasible option when dealing with extremely large
systems. For this reason, decentralized autono-
mous systems are gaining popularity in providing
robustness and scalability. The chapter Intelligent
Modeling and Control for Autonomous Logistics
of [5] focuses on the use of intelligent systems in
autonomous logistics. Specifically, it describes
issues related to knowledge management, a ma-
chine learning-based approach to adaptability
and planning, and intelligent optimization by
autonomous logistics entities.

It is undeniable the high cognitive load that mo-
delers face to understand a multitude of complex
abstractions and their relationships, and the urgent
need to support tool builders to provide modelers
with intelligent modeling assistance [6].

However, current Intelligent Modeling Assis-
tants (IMAs) lack adaptability and flexibility for
tool builders, and do not facilitate understanding
the differences and commonalities of IMAs for
modelers.

From a global perspective, a key challenge is to
identify modeling activities where intelligent assis-
tance is relevant, together with required models
and data. An immediate concern for the modeling
community is how to determine the, possibly evol-
ving, requirements for an IMA to provide timely as-
sistance based on confidence and relevance as well
as modeler’s skill and trust. The grand challenge
is to make functionality for modeling assistance
reusable across a wide range of domains.

ISSN 2706-8145, Control systems and computers, 2021, N° 1 37



Savchenko-Synyakova Ye.A., Tutova O.V.

Another example of use of intelligent modeling
for commercial purposes is intelligent modeling
of historical and asbuilt plant data for an efficient
decision making [7]. The company that proposes
these services facilitates an easy-to-access, cen-
tralized, repository data model, consisting of both
structured and unstructured data, to owner opera-
tors and Energy Performance Contractors. Energy
Performance Contractor means an engineering,
procurement, and construction contractor with
substantial experience in the engineering, procure-
ment, and construction of power plants.

Over the entire period of a plant’s life cycle, a
large volume of data, drawings, and documents is
collected. This data, both structured and unstruc-
tured, is classified into different groups, including
numerical, categorical, historical, and real-time,
and is then collected and modeled.

Analysis and visualization of this data helps
companies enhance exploration and production,
improve refining and manufacturing efficiency, and
optimize global operations, while ensuring safety
and environmental protection. Capital and opera-
tional expenditures can be reduced with analytics
from modeled data.

The risks can be reduced by analyzing the data,
modeled from a vast amount of plant operations
collected data over many years. It requires the
expertise in 2D drafting, CAD conversion, 3D
modeling from 2D drawings, and TEF and Non-
TEF data integration to transform the data into a
strategic business intelligence repository, allowing
enhance plant’s efficiency and optimize its global
operations, while ensuring safety and environmen-
tal protection.

Designing a Database in the
Field of ICT

Data collection and systematic analysis of the
subject area is the first and most important stage
of database design [8]. Here it is necessary to make
a detailed verbal description of the objects of the
subject area and the real connections between the
objects of this branch. The stages of designing a da-
tabase of processes in the field of ICT will be con-
sidered.

The level of development of ICT is the basis for
the digital transformation and the digital economy,
as the digital economy is an economy based on
digital computer technology. Digital transforma-
tions are one of the main factors of world economic
growth.

Currently, there are several international rank-
ings that directly or indirectly characterize the level
of development of ICT and the maturity of e-gov-
ernment tools in different countries. There are ICT
Development Index, Networked Readiness Index,
E-government development rank, E-Participa-
tion Index, United Nations (UN) e-Government
Readiness Index, Cybersecurity Index, Knowledge
Economy Index, Global Innovation Index, The
Digital Economy and Society Index.

The ICT Development Index is a composite
index that combines 11 indicators into one bench-
mark measure [9]. It is used to monitor and com-
pare developments in ICT between countries and
over time. As the UN special agency for 1CTs,
International Telecommunication Union (ITU)
is the official source for global ICT statistics. One
of their core activities is the collection, verifica-
tion and harmonization of telecommunication/
ICT statistics for about 200 economies worldwide.
There are two key sets of telecommunication/ICT
data that ITU collects directly from countries:

= Telecommunication/ICT data collected
from national telecommunication/ICT ministries
and regulatory authorities: these include data on
the fixed-telephone network, mobile-cellular ser-
vices, Internet/broadband, traffic, revenues and
investment; and prices of ICT services.

= Household ICT data collected from national
statistical offices: these include data on household
access to ICTs and individual use of 1CTs.

The World Economic Forum's Networked
Readiness Index, also referred to as Technology
Readiness, measures the propensity for countries
to exploit the opportunities offered by 1CT [10]. It
is regarded as the most authoritative and compre-
hensive assessment of how ICT impacts the com-
petitiveness and well-being of nations. It ranks a
total of 134 economies based on their performance
across 60 variables. Recognizing the pervasiveness
of digital technologies in today’s networked world,
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the Index is grounded in four fundamental dimen-
sions: Technology, People, Governance and Im-
pact. This holistic approach means that the NRI
covers issues ranging from future technologies such
as Artificial Intelligence (Al) and the Internet of
Things (IoT) to the role of the digital economy
in reaching the Sustainable Development Goals
(SDG).

Technology is at the heart of the network econ-
omy. This group of indices is meant to assess the
level of technology that is necessary for a country’s
participation in the global economy. The following
three sub-indices have been identified for that pur-
pose:

" Access: The fundamental level of ICT in
countries, including on issues of communications
infrastructure and affordability.

= (Content. The type of digital technology pro-
duced in countries, and the content/applications
that can be deployed locally.

" Future Technologies: The extent to which
countries are prepared for the future of the network
economy and new technology trends such as Al
and IoT.

The availability and level of technology in a
country is only of interest insofar as its population
and organizations have the access, resources, and
skills to use it productively. The group of indices
People is therefore concerned with the application
of ICT by people at three levels of analysis: indi-
viduals, businesses, and governments.

» [ndividuals: How individuals use technology
and how they leverage their skills to participate in
the network economy.

» Businesses: How businesses use ICT and par-
ticipate in the network economy.

. Governments: How governments use and
invest in ICT for the benefit of the general
population.

The group of indices Governance describes how
safe individuals and firms are in the context of the
network economy. This does not only relate to ac-
tual crime and security, but also to perceptions of
safety and privacy. Regulation sub-indices show
the extent to which the government promotes par-
ticipation in the network economy through regula-
tion. Inclusion sub-indices characterize the digital

divides within countries where governance can ad-
dress issues such as inequality based on gender, dis-
abilities, and socioeconomic status.

Ultimately, readiness in the network economy is
a means to improve the growth and well-being in
society and the economy. This pillar therefore seeks
to assess the economic, social, and human impact
of participation in the network economy.

The group of indices Impact includes three sub-
indices:

=  FEconomy: The economic impact of partici-
pating in the network economy.

»  Quality of Life: The social impact of partici-
pating in the network economy.

»  SDG Contribution: The impact of participat-
ing in the network economy in the context of the
SDGs — the goals agreed upon by the UN for a bet-
ter and more sustainable future for all. The focus is
on goals where ICT has an important role to play,
including such indicators as health, education, and
environment.

The E-Government Development Index pres-
ents the state of E-Government Development of
the UN Member States [11]. Along with an as-
sessment of the website development patterns in a
country, it incorporates the access characteristics,
such as the infrastructure and educational levels, to
reflect how a country is using information technol-
ogies to promote access and inclusion of its people.
This index is a composite measure of three impor-
tant dimensions of e-government, namely: provi-
sion of online services, telecommunication con-
nectivity and human capacity. It is not designed to
capture e-government development in an absolute
sense; rather, it aims to give a performance rating of
national governments relative to one another.

Promoting participation of the citizenry is the
cornerstone of socially inclusive governance. The
goal of e-participation initiatives should be to im-
prove the citizen's access to information and public
services; and promote participation in public deci-
sion-making which impacts the well-being of soci-
ety, in general, and the individual, in particular.

The e-participation index is derived as a supple-
mentary index to the UN E-Government Survey
[12]. It extends the dimension of the Survey by
focusing on the use of online services to facilitate
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provision of information by governments to citizens
(“e-information sharing”), interaction with stake-
holders (“e-consultation”), and engagement in
decision-making processes (“e-decision making”).

E-Participation Framework:

= FE-information: Enabling participation by pro-
viding citizens with public information and access
to information without or upon demand

= FE-consultation: Engaging citizens in contri-
butions to and deliberation on public policies and
services

= E-decision-making: Empowering citizens
through co-design of policy option and co-pro-
duction of service components and delivery mo-
dalities.

The UN e-government readiness index is an
internationally agreed-upon composite index that
measures the capacity of governments to develop
and implement e-government services [13]. Con-
structed within the framework of the UN global e-
government survey, the indicator consists of three
sub-indices: the web measure index, the telecom-
munication infrastructure index and the human
capital index. The UN’s e-government readiness
index is a combined indicator of the supply of, po-
tential demand for and maturity of e-government
services. This is generally characterised by an ex-
tensive broadband infrastructure; a repository of
electronic information on government laws and
policies, including links to archived information
and downloadable forms; and a high level of com-
fort with ICT by citizens and businesses.

The Global Cybersecurity Index measures the
commitment of countries to cybersecurity at a
global level [14]. As cybersecurity has a broad field
of application, cutting across many industries and
various sectors, each country’s level of development
or engagement is assessed along five pillars — Legal
Measures, Technical Measures, Organizational
Measures, Capacity Development, and Coopera-
tion — and then aggregated into an overall score.
The ITU Global Cybersecurity Agenda provides
the general foundation and framework for the ini-
tiative. For each of the five pillars country commit-
ment was assessed through a question-based online
survey, which further allowed for the collection of
supporting evidence.

The “knowledge economy” is a concept of eco-
nomic development, in which innovation and ac-
cess to information drive productivity growth [15].
New trends, such as the IoT or digitalisation, are
examples of the transition towards to the knowl-
edge economy. To measure knowledge economy
development, the European Bank for Reconstruc-
tion and Development has constructed its Knowl-
edge Economy Index, spanning 46 economies. It
uses indicators like institutional and legal frame-
works (as a basis for patents etc.), number of tech-
nical graduates, research spending number of pat-
ents, some measure of collaboration, and amount
of venture capital. In total there are 38 contributing
indicators described in the index methodology.

Innovation is widely recognized as a central
driver of economic growth and development. The
aim of the Global Innovation Index is to provide
insightful data on innovation and, in turn, to as-
sist economies in evaluating their innovation per-
formance and making informed innovation policy
considerations [16]. It is now considered a crite-
rion for measuring innovation by the UN General
Assembly, as noted in its resolution on Science,
Technology and Innovation for achieving SDGs at
its 74th session in 2019. There are 5 pillars in the
Input Sub-index and 2 pillars in the Output Sub-
index. Each pillar is divided into three sub-pillars,
each of which is composed of individual indicators,
a total of 80 this year.

The Digital Economy and Society Index is a
composite index that summarises relevant indica-
tors on Europe’s digital performance and tracks
the evolution of EU Member States in digital com-
petitiveness [17]. European Commission services
selected various indicators, divided into thematic
groups, which illustrate some key dimensions of
the European information society (Telecom sector,
Broadband, Mobile, Internet usage, Internet ser-
vices, eGovernment, eCommerce, eBusiness, ICT
Skills, Research and Development). These indica-
tors allow a comparison of progress across Euro-
pean countries as well as over time.

Based on an analysis of those indices the ICT
indicators that affect the development of Ukraine's
digital economy were selected in order to design a
database that helps to study the interrelations be-
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tween those chosen ICT indicators and social and
demographic factors and to understand how the
development of digital economy contributes to the
human well-being in Ukraine.

Such a database includes nine main groups of
indicators:

» Indicators that characterize the level of de-
velopment of the infrastructure for efficient use of
ICT.

= Indicators that characterize the level how pop-
ulation uses ICT:

= Indicators that characterize the level how busi-
ness uses ICT:

» Indicators that characterize the level how the
authorities use ICT and promote their develop-
ment;

= The level of education of population that helps
to use ICT efficiently;

» Indicators that characterize how favourable
the conditions for business activity are;

» Indicators that characterize the level of effi-
ciency of the law machinery;

= Social and demographic indicators;

= Economic indicators.

The block diagram and affiliation of these indi-
cators with a separate block is shown in Fig.1.

Building the relationships between the indicators
of the database and analyzing them, it can be deter-
mined how the change of some indicators affects
the change of others. For example, how individual
macroeconomic indicators can affect Ukraine's
GDP growth.

The following is a description of the methodo-
logy and tools for data analysis, modeling and fore-
casting of the digital economy.

Methods of Data Analysis, Modeling
and Forecasting of Indicators that
Characterize the Development of the
Digital Economy

Methods of data analysis, modeling and forecas-
ting of the social and economical indicators are de-
scribed in detail in [18]. The deve-lopment of this
technique began with the solution of real applied
problems of modeling and finding relationships in
the data.

Correlation-regression analysis and combinato-
rial algorithm of GMDH are used to build models
here. The advantage of the combinatorial algo-
rithm is that it does not require convergence, as it
performs a complete search of all possible models.
This algorithm solves the problem of structural-
parametric identification, i.e. it allows finding not
only the parameters of the model, but also its opti-
mal structure.

Fig. 2 shows a block diagram of the successive
stages of the developed technique.

The developed methodology includes the fol-
lowing separate stages:

The data sample contains information on indica-
tors that describe the level of human development
of countries or one of the selected regions, the state
of development of the digital economy, the level of
ICT use.

Restore gaps in data. There are many different
ways to recover gaps in data, depending on the
form of the gap itself, as well as the availability of
sufficient information to restore it. In the proposed
method, the combinatorial algorithm of GMDH
was used to recover gaps [19]. To recover each
gap, a sample of data is compiled and a model is
built. That is, how many gaps in the data, so many
models need to be built.

Data scaling. Economic data are usually mea-
sured in different units and ranges. Standardiza-
tion or scaling of data is used to reduce them to one
format. To do this, the value of each indicator is
divided by the maximum value of this indicator.

Extending the data sample. In order to possibly
increase the accuracy of the model, a method of
expanding the sample is used. New additional indi-
cators are introduced. They can be products, sums
and other functions of input indicators [20].

Data analysis. This block includes two methods
of analysis: by correlation analysis and GMDH.
Correlation analysis is used to analyze the degree
of influence of each of the indicators on the output
value and the selection of informative indicators,
which is carried out by calculating the pair corre-
lation coefficient of one of the indicators with the
output value. Using the combinatorial algorithm
of GMDH for data analysis, a model can be built
and analyzed: what indicators and with what coef-
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Data base of indicators that characterize how the digital economy develops
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ficients were included in it, and then draw conclu-
sions about the existing dependencies in the data.

Building a model. Carried out in two ways:

1) Regression models are constructed, ie coef-
ficients are determined using the least squares
method (LSM); at the same time the structure of
the model is given.

2) The models are found using the combinatorial
algorithm of GMDH according to the given exter-
nal criteria. Thus we define not only parameters of
model, but also its structure.

Depending on which of the external criteria
is set as the main criterion for selecting a model,
models with different properties will be obtained.
The main external criterion that is responsible for
the accuracy of the model is the external criterion
of regularity. The bias criterion is a criterion that
reflects the requirement that the best models ob-
tained in different parts of the sample differ mini-
mally. In the theory of GMDH the criterion of un-
biased decisions and errors is known [21].

Comparison of models on an independent sample.
The obtained models are compared on some in-
dependent (examination) data sample, which was
not used to obtain them. The results of research
confirm the fact known in inductive modeling that
regression models give a good result only on the
data on which they are obtained, in contrast to the
models of GMDH, which give quite good results
on new data [22].

Analysis of the obtained models and development
of recommendations. Models are analyzed both in
terms of the obtained parameters, how each of
them included in the model affects the given output
value (this is indicated by the value of the coeffi-
cient at the parameter and its sign), and in terms of
model accuracy. It can be analyzed, how a change
in one or more parameters (decrease or increase)
affects the value of the original value (by how many
percent it will change it).

Based on the analysis of the models, it is pos-
sible to develop recommendations for specialists
in this field on the relationship between input and
output parameters. Based on the analysis of the
coefficients of the model and their signs, it can be
defined what contribution each indicator makes to
the output value.

Sampling of human
development indicators

!

Reconstruction of missing
in the data

|

Data normalization or scaling

Expanding the data sample by adding
new indicators

\
Correlation

: analysis
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i“,“““’_““—_“—’llm& """""""""" 1$
: I Identification : Forecast :
i - 4 | H
: ! Regl‘e5510n GMDH ! :
! : analysis | s
H e ! i
i MODEL DEFINITION :

Comparison of models on
the independent sample C

'

Analysis of the obtained models and
development of recommendations

Fig. 2. Flowchart for the solving of problems of data analy-
sis, modeling and forecasting

Development of Tools for Data Ana-
lysis, Modeling and Forecasting of
Digital Economy Indicators

The toolkit designed to solve the problems of the
analysis of dependences in data is realized on the
basis of the developed technique. Thus it is meant
for opening of new knowledge, construction of de-
pendences in data and forecasting of variables.
This toolkit was developed using MS Excel. The
combinatorial algorithm is carried out by G.O.
Ivakhnenko using VBA MS Excel.

The main steps of how to use this tool should be
considered in more detail.

Assessment of the arguments’ comprehension.
Suppose that the data sample X [#nxm] and the ini-
tial value Y |nx1] are given. An example of them is
shown in Fig. 3.
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2007 2008 2009 2010 2011 2012 2013 2014 2015 2016
x1 2738 287 286 285 281 26.8 262 246 216 19.8
x2 1196 121.1 1191 1171 123 1303 138.1 1441 144 1326
x3 1.72 346 415 6.45 6.96 8.04 g.86 931 11.81 1222
x4 0.6 1.8 2.95 4.1 4.4 5.4 6,7 S g.1 226
x5 16.2 212 232 252 30.7 405 40.5 524 392 63,1
xb 6.8 10.3 222 26 35.6 437 43 502 54.8
xT 6.55 11.00 17.80 2330 287 35,27 40,95 4624 48,88 53.00
x8 3154 5477 10194.5 14912 11332 49818 52883 40704 73425 79885
¥ 8374 Bo6o 7330 1715 BO8Y 8195 8195 8147 1375 7593

Fig. 3. Example of a data sample for assessment of arguments’ comprehension

X1 1

X2 0,9748 1

X3 0,7832 0,9035 1

X4 0,6799 0,8263 0,9863 1

X5 0,7876 0,9052 1,0000 0,9873 1

X6 0,3995 0,5939 0,8750 0,9439 0,8796 1

X7 0,3907 0,5861 0,8703 0,9407  0,8749 1.0000 1

X8 04319 0.6221 0.8917 0.9550 0.8959 0,9994 0,9930 1

X9 0,3397 0,5408 0,8419 0,9206 0,847 0,9979 0,9985 0,9950 1

Y 0,3346 0,5363 0,83490 0,9185 0,8442 0,9976 0,9982 0,9944 1,0000 1,0000

Fig. 4. Example of calculation of a pairwise correlation coefficient

Main criterion = 0.7989045 Model 1( a)
Additiona criterion = 0.75741415E+04
Mean sguare dew. (MSE) = 0.27763714E+03
Mean absolute dev. (MAE) = 0.20739999E+03
Correlatio coefficien= 0.326056829
R~2 = 0.106313056
Mean relative dev. (MAPE) = 2.536 %
Coefficient Variable
a o 8369.2271503834
a 1 -0.0048856053 x 8
Errors on validationsample: MAPE = 6,8 % MSE =0.2764E+06
Model values calculatec on wvalidation subsample (not normilized):
No. Calculated Real value Abs.deviation
9 0.80105E+04 0.73750E+04 -.63550E+03
10 0.79789E+04 0.75930E+04 -.38594E+03
9000
8500 y,,/’\\
8000 s T
7500 \\.// -
7000 Fig. 5. Example of the results of
6500 . . . . . . . . . modeling by the combinatorial
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 algorithm of GMDH
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Performance is assessed using correlation analy-
sis. An example of how to calculate pairwise cor-

Conclusion

These tools were developed in order to build de-

relation between variables is shown in Fig. 4.

Then, based on the selected variables, models
are built according to the combinatorial algorithm
of GMDH.

When building a model, part of the observations
(rows) can be left for verification and automati-
cally calculate the value of the accuracy criterion
on this data, which will check the adequacy of the
obtained models.

An example of the obtained results by the combi-
natorial algorithm of GMDH is shown in Fig. 5.

Such models can be obtained to analyze interre-
lations in data as well as to recover data gaps. More-
over, in order to restore each gap, an own sample
of data is compiled and a new model is built each
time. Furthermore, the values of statistical criteria
such as MAPE, MSE, R2 are calculated to verify
the adequacy of the obtained models.

pendencies among the indices in social and eco-
nomic problems, to analyze them, and to develop
recommendations. Therefore, the level and evolu-
tion of information and communication technol-
ogy developments in Ukraine and its experience
relative to other Eastern European and post-Soviet
countries based on the Information and Com-
munication Technology Development Index over
2002-2017 were examined with help of these tools
[23]. Also the connection between gross national
income and this index, and how the components of
the main ICT indices influence gross national in-
come in these countries was studied by these meth-
ods [24]. These tools will be applied in the further
research for modeling, forecasting, and decision-
making to evaluate the interconnection between
the health care system and the overall economical
and social progress of Ukraine in comparison with
the neighbouring countries.
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IHCTPYMEHTAJIbHI 3ACOBM IHTEJEKTYAJIbLHOI'O AHAJII3Y JAHUX, MOIOE/TIOBAHHA
TA TTPOTHO3YBAHHA COLIAJIbHO-EKOHOMIYHUX IMPOLIECIB

Betyn. MakpoeKOHOMIUHi JaHi YaCTO MiCTSITh HEBU3ZHAYEHOCTi, MOXYTh OYTH HEUITKUMU i MiCTUTH IIyM. |HIYKTUBHUMA
MiaXia € OMHUM i3 3ac00iB MOJIEIFOBAaHHS Ta MPOTHO3YBaHHS 32 HEBEJIMKMMU Ta 3alllyMJIEHUMU JaHUMM, 110 JA€ 3MOTY 3
MiHiMaJbHUM BTPYYaHHSIM JIIOAMHHU Y IPOLIEC ITOOYI0BU MOZIEJIi, OTPMMATH PE3YJIbTaT, SIKW MOXKE TOTTOMOITH B yXBaJIEHHI
JIIOJIMHOIO YNPABJiHCHKUX PillIeHb.

3a J0TTOMOT 010 iHIYKTUBHOTO ITiIXOLY MOXYTh OyTH PO3B’sI3aHi 3a1a4i aHAaJIi3y TaHNX, MOJIETFOBAHHS Ta TPOTHO3YBaHHSI.
[HmykTHBHE MOIETIOBaHHS TOOYIOBAHO HA MPWHIMIIAX iHAYKIii, TOOTO y3araJbHEHHSI Ha MiACTaBi HEsSKUX (DaKTiB.
OauH i3 OCHOBHMX METOMIB iHIYKTMBHOTO MOJETIOBAHHS — METOJA TPYIOBOIO ypaxXyBaHHSI aprymeHTiB (MI'VA).
HaiinonynsipHiiuii — KkomOiHaTopHuii anroputM MI'YA, sikuii He moTpeOye J0BeaeHHS 30iKHOCTI, OCKIJIbKY 3IiliCHIOE
MOBHUI Mepebip ycix MOXJIMBUX BapiaHTiB Moneseil. Lleit anropuT™ po3B’sidye 3aBIaHHS CTPYKTYPHO-IMapaMeTpUYHO1
imeHTU(diKaIii, TOOTO Ta€ 3MOTY 3HAUTU He JIUTIIEe TTApAMETPU MOJIENi, a I 1l OMTUMAaNbHY CTPYKTYDY.

Merta — po3pobuTu Ha OCHOBI KOMOIHATOPHOTO anroput™My MI'VA Ta KopensiiiiHO-perpecioHoro aHaaizy MeTOAUKY
DO3B’sI3aHHST 3aBIaHb aHAJ3y MAHWX, MOMEJIOBAHHSI Ta MPOTHO3YBAaHHS PiBHSI JIIOACHKOTO PO3BUTKY KpaiH CBITY Ta
perioHiB Ykpainu. L{g MeToquKa 1ormoMoxe BIOCKOHAJIUTU MIPpoLieC MPUAHSATTS pillieHb B cepi collialbHO-eKOHOMIYHOTO
PO3BUTKY YKpaiHU if Ha perioHaJbHOMY PiBHi, i y MOPiBHSIHHI 3 iHIIMMM KpaiHaMU CBiTY, 1110 YMOXJIUBUTh OLIIHKY CUTYaLIil
B chepi PO3BUTKY JIIOACHKOTO MOTEeHLiany i B YKpaiHi, i1 y CBiTi 3arajom.

Metomu. KopensiifiHo-perpeciiiHuii aHamiz, KomoiHaTopHUit anroput™ MI'YA.

Pesyasrat. Po3po6ieHO iHCTpyMeHTaIbHI 3aC00M iHTEIEKTyaIbHOTo MoaetoBaHHsS B MS Excel Ha OCHOBI MeTOIUKM
aHaJji3y, MOJEIIOBAHHSI Ta MIPOrHO3YBAaHHSI CKJIaIHUX TpolieciB 3a bl colialbHO-eKOHOMIYHUX MTPOLIECIB, SIKa MICTUTb
iH(opMallilo Mpo MOKA3HUKH, 1110 XapaKTePU3YIOTh PO3BUTOK LIM(DPOBOT EKOHOMIKU YKpaiHMU.

BucHoBok. Po3po6iieHi 3acobu iHTeIeKTyalbHOTO MOJIEIOBaHHSI 1at0Th 3MOTY aBTOMAaTU3YBaTH i1 yIOCKOHAJIUTHU MTPOLIEC
NPUUHATTS pillieHb B cdepi coliaibHO-eKOHOMIYHOIO PO3BUTKY YKpaiHU i Ha perioHaJibHOMY PiBHi, i y OPiBHSIHHI 3
iHIIIMMU KpaiHaAMU CBITY.

Karouoei caosa: incmpymenmanvHi 3acobu, ananiz 0aHux, MoOea08aHHs, NPOCHO3YBAHHS, pi6eHb Nt00cbKk020 po3sumiy, MITVA.
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