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Abstract

The marketing environment of the world economy is changing due to intensive digitali-
zation of trade exchange operations. Formation of marketing forecasts based on current 
and past periods in modern conditions is irrelevant to the current situation. The purpose 
of the article is to assess the situational precedents of business readiness for digitaliza-
tion based on monitoring data, operating environment, applications and management 
system when using the tools of marketing and neural network modeling. The article uses 
a systematic approach and methods of statistical, financial and marketing analysis, tools 
for modeling a neural network. Based on the estimated indicators, the current and fore-
casted levels of electronic retail in the world are revealed. Based on the application of 
the concept of portfolio analysis to the data of national and international monitoring, а 
marketing model of research has been built, in which low business efficiency has been 
determined, situational modeling of business readiness for digital transformation has 
been carried out and characteristics of the identified precedents have been given. A low 
degree of business readiness to digitize the economy has been established. The results 
emphasize the importance of monitoring business readiness for the digitalization of the 
economy in real time with marketing and neural network modeling.
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INTRODUCTION 

To achieve the evolutionary economic effect of business, decentral-
ized networks of the digital economy, based on knowledge informa-
tion modeling technologies and improved marketing models, become 
more efficient. The modern business includes additive technologies in 
production, marketing and analysis based on new telecommunication 
standards. The widespread introduction of marketing, industrial and 
technological innovations requires not only human resources with 
new competencies, but also organizations capable of introducing and 
integrating technological innovations into the operational activities of 
a business. Automation and the use of various algorithms in market-
ing have always been applied – most of the business tools are based on 
algorithms.

However, they only simplified complex business tasks and increased 
work speed. Judging by the recent trends, outsourcing, marketplace 
and retail are beginning to give way to the services of self-learn-
ing bots, whose activities are based on neural network technologies. 
Business based on neural network technologies is often isolated from 
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the rest of the organization of economic activity. Nevertheless, the economic effect of its operation is 
several times greater than technically and technologically backward economic activity. This, in turn, 
leads to a modification of the structure of economic and social relations, systems of self-government, 
organization, processing and modeling of complex socio-economic systems.

Introduction to the business and its organizational components of information technology requires the 
solution of a large set of tasks. It is fundamentally important that information technologies allow, on 
the one hand, to obtain generalized analytical information and procure typical protocols for respond-
ing to standard situations, on the other hand, to provide an individual approach in each individual case 
within the framework of cyber physical and social systems. The results obtained and the methods devel-
oped will allow the business to more effectively develop corporate marketing strategies for working with 
clients, which contributes to maintaining and expanding the client network, improving the company’s 
work with each group of clients, increasing the level of customer satisfaction with the level of services 
provided and, as a result, increasing financial inflows.

Automation of most of the business functions in the context of increasing digitalization of consumer 
processes increases the variability of possible situations of economic development. This, in turn, can be 
studied using neural network technologies. This article is devoted to this aspect.

1. LITERATURE REVIEW 

Analysis of the research suggests that the issues 
of the development of the digital economy by im-
proving the marketing tools and the system of their 
circulation, monitoring their effectiveness for busi-
ness are not well understood. So the challenges of 
digital transformation are related to the current suc-
cess of outsourcing, market penetration and retail-
ing. The ways of developing e-commerce and digital 
transformation of regional economies became the 
subject of research in the work of Suominen (2017) 
and Sanchez (2017). Suominen (2017) describes 
ways to develop e-commerce in Latin America by 
expanding goods and services, expanding and di-
versifying exports, optimizing trading and logistics 
networks, and startups. Recognizing the thorough-
ness of the e-commerce analysis of the region stud-
ied, it is based on pre-dating data and is not valid 
for reproduction for modeling. Sanchez (2017) high-
lights the structure and management alternatives in 
the research models of organization and dynamics 
of digital transformation, the trends of which are re-
flected by the World Trade Organization (2018), in 
Information Economy Report 2017… (2017), data of 
Raconteur Media Ltd (2017), etc.

The symbiosis of outsourcing, marketplace and re-
tail in its evolutionary basis has generated a com-
plex of financial, consumer goods and services, in 
which banking and non-banking data are com-

bined into a hyper personalized ecosystem that is 
built on open APIs, programmable money and dig-
ital intelligence (Raconteur, 2018).

Modern scientific literature deals with the  prob-
lem of digitalization of world and economic poli-
tics in the Fourth Industrial Revolution’s paradigm. 
According to Petrillo et al. (2018), the results of glo-
balization and competitiveness have made it possi-
ble to establish key priorities for the evolution of the 
Cyber-Physical Systems, to identify the fundamen-
tal aspects of the digital transformation of business 
in line with global trends. The approach to under-
standing human capital in the intellectual produc-
tion of Fourth Industrial Revolution is based on the 
personalization of consumer demand (Petrillo et 
al., 2018). However, the subject plane of the work is 
related to the argumentation of the methodological 
approach to the digitization of economic processes 
and does not have a methodological justification. 
The author’s approach to solving this problem is pre-
sented in the article.

The method proposed by the Working Group 
on Measurement (Ek & Spiezia, 2017) for cal-
culating the digital indicator of maturity of the 
Swedish economy is expanded to include indica-
tors of domestic and international monitoring of 
the digital transformation and maturity of the 
Ukrainian economy using neural network mod-
eling tools.
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A significant amount of scientific works is devot-
ed to the optimization of business processes at the 
enterprises, namely by Gavrylenko and Pavlenko 
(2008), Lehenchuk, Volska, and Vakun (2016), 
Gurova and Sadekova (2016), Kovshova (2016),  
etc. Based on these studies, a generalization of the 
problem of increasing the effectiveness of digital-
ization of business processes in Ukraine has been 
made.

The internet and e-commerce diffusion in several 
European countries was carried out. By updating 
the significance of the derivative from the Internet 
and e-commerce category Networked Readiness 
Index in this study, this indicator was introduced 
into the training sample and situational prece-
dents of business readiness for the digitalization 
of the economy were modeled.

For the most part, business process optimizers are 
of an organizational and economic nature, gener-
ated in the financial indicators of the performance 
of enterprises and competitiveness in the market. 
Some scientists grouped methods of business pro-
cesses optimizing in different ways. So, Kovshova 
(2016) identifies analytical, instrumental, for-
mal-universal methods, methods of continuous 
improvement, outsourcing and benchmarking. 
Gavrylenko and Pavlenko (2008) categorize the 
methods for business processes optimizing in a 
slightly different way. These scholars identify for-
malized universal-principle methods, methods of 
benchmarking and methods of group work. 

The advantage of the research by Rizk (2004) is the 
use of two groups of approaches to the analysis: 
micro- and macro-level quantitative and qualita-
tive evaluation. This experience is used in this pa-
per, but its novelty is determined by the study of 
the level of business readiness for digital transfor-
mations based on world trends and observations. 
However, the work of Rizk (2004) has a geography 
of only individual countries of the world. In par-
ticular, the research is based only on the monitor-
ing of a number of international indices.

The Concept of the development of digital econo-
my and society of Ukraine for 2018–2020 can be 
considered a significant breakthrough in the state 
regulation of electronic infrastructure and digi-
talization of business processes Verkhovna Rada 

of Ukraine (2018). However, a methodology that 
would allow monitoring the effectiveness of digi-
talization of business processes is still missing. In 
this research, this issue was solved and an assess-
ment of the business performance was proposed 
based on a set of domestic and international indi-
cators of the digitization of the Ukrainian econo-
my. The objects of scientific research on govern-
ment regulation are both the business processes 
themselves and the methods for their optimi-
zation, as well as the process approaches to their 
accounting. However, the methodological foun-
dations and practical prerequisites for the devel-
opment of economic optimizers of business pro-
cesses determine the feasibility of further research 
in this area.

By setting the flaw in the methodology and prac-
tice of implementing the digital transformation 
of the economy, the authors have drawn atten-
tion to the choice of the most optimal method for 
evaluating these changes. To determine the most 
optimal method of research, the experience of 
assessing the level of digital transformation has 
been used for the stated problem (Zekanović-
Korona et al., 2014), practice of neural network 
time series prediction based on multilayer per-
ceptron (Rudenko, Bezsonov, & Romanyk, 2019; 
Kruglov & Borisov, 2002). The article will note 
the sociological selected research methods for 
Croatia, Italy, France, Germany and the United 
Kingdom, which has low effectiveness for practi-
cal use in finances. Therefore, in the work on the 
subject plane of the study, instruments of neural 
networks were used.

It is believed that the assessment of situational 
precedents of business readiness for digitalization 
should be carried out on the basis of monitoring 
data, operating environment, applications and 
management system. To this end, a marketing re-
search model should be built.

2. METHODS

The study used a systematic approach and meth-
ods of statistical, financial and marketing analy-
sis, modeling tools of the neural network. In par-
ticular, the study is based on the analysis of de-
scriptive data in marketing, their systematization, 
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interpretation and mathematical modeling, the 
calculation of the integral coefficients of interna-
tional monitoring and the methodology for cal-
culating the profitability index of economic ac-
tivity. During the study, the technology of neural 
network modeling using software was employed, 
the module Statistica Automated Neural Network 
(SANN). 

The purpose of the paper is to assess the situation-
al precedents of business readiness for digitaliza-
tion based on monitoring data, operating environ-
ment, applications and management system when 
using the tools of marketing and neural network 
modeling. The goal was achieved by solving the 
following tasks:

• a marketing research model has been built, 
given a generalized understanding of the ar-
chitecture of cyber-physical and cyber social 
systems (CFSS) in the digital economy;

• mathematical modeling of situational prece-
dents and the results obtained in the frame-
work of marketing and neural network mode-
ling has been carried out and described.

3. RESULTS

3.1. Problems and trends of business 
digitalization

It is believed that the most representative results 
of business digitalization are marketplace, out-
sourcing and retail. Being ten years ago as an ini-
tial form of intermediary services, outsourcing is 
spreading, increasing the share of revenue in the 
formation of a common indicator of the gross na-
tional product. In the current stage of world eco-

nomic development, formalized universal-prin-
cipled methods of outsourcing and marketplace 
are most prevalent. Nowadays, 20% of enterpris-
es use outsourcing services in the USA and about 
10% in the UK. The market demand for this type 
of service is increasing due to the digital develop-
ment of the economy and finance. The develop-
ment of outsourcing services in the current ac-
tivities and prospects is represented by countries 
(see Table 1).

The prerequisites for marketplace potential are: 
the optimization of customer service (29%), 
marketing activities and individual work with 
customers (20%), cross-marketing (11%), attrac-
tive digital content (10%), achievements and un-
derstanding of customer demands (8%), use of 
automation in marketing and logistics in order 
to increase trade efficiency (6%), social mar-
keting (5%), Internet opportunities and devic-
es to boost sales (4%), services at the location 
of the sale place (4%), public events to improve 
the brand rating (2%), and other (1%). So, the 
forecast of global e-retail by country is given in 
Table 2.

The use of the technical capabilities of the cloud 
industry of the global network and the increase 
in non-cash transactions based on block chain 
technologies require businesses, on the one hand, 
to make significant capital investment, and on 
the other hand, serious business ideas. The 10 
largest online-sales countries have the following 
number of URLs (units): Japan (14), Germany 
(17), United Kingdom (32), China (7), India (1), 
Canada (33), France (12), Italy (8), Spain (8), 
Mexico (9) (E-Retailer Global Expansion Report, 
2018). The top 10 largest retail companies in the 
world have the following business indicators 
(Table 3).

Table 1. The rating of European countries in the strategic vision of the development of outsourcing 
business (worldwide and European ratings) 

Source: Built by the authors based on Coleman (2015), Index of Raconteur Media Ltd (2017).

Country Worldwide European Country Worldwide European

Bulgaria 9 1 Estonia 22 6

Poland 11 2 Latvia 23 7

Lithuania 15 3 UK 27 8

Germany 17 4 Hungary 31 9

Romania 18 5 Spain 32 10
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Table 2. Worldwide electronic retail commerce by country 

Source: Built and calculated by the authors based on Index of Raconteur Media Ltd (2017).

Country

2015 2016 2017 2018 2019 2020 2016 2017 2018 2019 2020

TrendYears Actual Planned

Worldwide electronic retail commerce, sales in USD bln Chain substitution method, %

China 663.05 899.09 1,192.19 1,547.47 1,946.71 2,415.87 135.60 132.60 129.80 125.80 124.10

↓

USA 342.96 396.72 457.02 524.66 600.21 684.24 115.68 115.20 114.80 114.40 114.00

UK 92.25 103.78 114.15 124.43 134.69 145.33 112.50 109.99 109.01 108.25 107.90

Japan 73.3 77.41 81.28 84.93 88.33 91.51 105.61 105.00 104.49 104.00 103.60

Germany 51.7 57.65 63.93 69.05 73.19 77.22 111.51 110.89 108.01 106.00 105.51

South Korea 36.15 39.77 43.35 47.03 50.37 52.89 110.01 109.00 108.49 107.10 105.00

France 35.62 38.55 51.54 44.51 47.4 50.24 108.23 133.70 86.36 106.49 105.99

Canada 23.18 26.62 30.3 34.38 38.85 43.63 114.84 113.82 113.47 113.00 112.30

India 13.31 23.39 37.5 52.54 65.09 79.41 175.73 160.32 140.11 123.89 122.00

Australia 16.43 18.34 20.36 22.46 24.7 27.05 111.63 111.01 110.31 109.97 109.51

Other countries 200.38 233.35 260.76 308.15 348.66 390.51 116.45 111.75 118.17 113.15 112.00

Total 1,548.33 1,914.67 2,352.38 2,859.61 3,418.2 4,057.9 123.66 122.86 121.56 119.53 118.71

The size of world e-commerce sales in the 

global sales, trillion US dollars (%)
1.5 (7.4) 1.92 (8.7) 2.35 (10) 2.86 (11.5) 3.42 (13) 4.1 (14.6)

–

↑

The size of world electronic purchases in the 

global sales, trillion US dollars (%)
1.48 (11.7) 1.62 (9.9) 1.77 (9.2) 1.91 (8.1) 2.05 (7.4) 2.19 (6.8) ↓
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There are more than 21 online sales aggregators 
in Ukraine now. Among them are Ava, E-Katalog, 
Freemarket, Hotline, Hotprice, I-M, etc. Products 
that provide social networking, programs that 
quickly process large amounts of data, their 
own mobility, cloud services, cyber security, and 
Internet market are the most marketable in the re-
tail market.

The expected benefits from digitalization of the 
global economy are recognized (in the ranking 
from 1 to 5) (Everett, 2015) by operational efficien-
cy (4.9), staff reduction (3.8), transformation time 
(3.7), gaining competitive advantage (3.4), stand-
ardization (3.2), improved analytics (2.1). The fore-
cast of regional e-commerce in the world is given 
in Table 4.

The statistical and reporting data of these docu-
ments have been used to summarize the world and 
regional trends in the digitization of the economy 
and the development of e-commerce.

3.2. Building a marketing  
research model

To substantiate the key positions of the strate-
gy for the development of the digital economy of 
any country, according to the current state prior-
ities, the article uses the BCG (Boston Consulting 
Group) matrix methodology. Based on the chosen 
subject plane of research and actualization of this 
problem, it is believed that the most effective indi-
cators of the economy digitization are profitability 
indices of the country’s economic activity, the ICT 

Table 3. TOP-10 retail companies of the world in 2016 

Source: Built by the authors based on Global Powers of Retailing (2018).

Ranking 

place 

of 250 

positions

Company name

Retail 

income, USD 

mln

Growth 

of retail 

income, %

Net 

profit 
margin, 

%

Return 

on 

assets, 

%

The share of 

retail income 

in the pace 

of economic 

growth of the 

country, %

Proceeds 

from foreign 

operations, 
%

1 Wal-Mart Stores, Inc. (USA) 485,873 0.8 2.9 7.2 1.7 24.3

2
Costco Wholesale 

Corporation (USA) 118,719 2.2 2.0 7.2 6.0 27.1

3 The Kroger Co. (USA) 115,337 1.7 1.7 5.4 5.0 0

4 Schwarz Group (Germany) 99,256 n/d n/d n/d 7.3 61.7

5
Walgreens Boots Alliance, 

Inc. U (USA)
97,058 3.6 3.6 5.8 6.1 13.7

6 Amazon.com, Inc. (USA) 94,665 1.7 1.7 2.8 17.6 36.8

7 The Home Depot, Inc. (USA) 94,595 8.4 8.4 18.5 6.1 8.5

8 Aldi Group (Germany) 84,823 n/d n/d n/d 7.7 67

9 Carrefour S.A. (France) 84,131 1.1 1.8 1.8 –1.1 53.2

10
CVS Health Corporation 
(USA)

81,100 3.0 5.6 5.6 6.4 0.8

TOP-10 – 1,355,656 3.0 6.4 6.4 4.5 27.3

TOP-250 – 4,410,828 3.2 3.3 3.3 4.8 22.5

TOP-10 of 250 companies 30.7% – – – –

Table 4. World e-commerce by regions (forecast), sales, % 

Source: Built by the authors based on the Index of Raconteur Media Ltd (2017).

Region
Years

2015 2016 2017 2018 2019 2020 2020–2015

Asia Pacific 53 56 60 63 65 67 126.42

North America 25 23 22 19 18 17 68.00

Western Europe 14 13 10 10 9 8 57.14

Central and Eastern Europe 3 3 3 3 3 3 100.00

Latin America 3 3 3 3 3 3 100.00

Middle East and Africa 2 2 2 2 2 2 100.00
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(Information and Communications Technology) 
Development Index and Networked Readiness 
Index. The results are presented in Figure 1.

To determine the relative market share, statisti-
cal information was used from Poland, the clos-
est strategic partner of Ukraine. Having built the 
BCG matrix, it has been revealed that the factors 
that, according to the authors, in the current situ-
ation affect the digitalization of business, are prof-
itability indices of the country’s economic activ-
ity (in Figure 1 – R), the ICT Development Index 
(in Figure 1 – ICT D) and Networked Readiness 
Index (in Figure 1 – NR). According to the concept 
of the BCG matrix and the results of the analysis 
it was revealed that the factors determining ICT 
Development Index and Networked Readiness 
Index, according to the behavior strategy, are 
characterized by a large market share, with a low 
growth rate. They do not require costly investment 
while bringing a stable and high income. This in-
come for the digital economy is used to finance 
other areas and types of businesses. Regarding 
the gross profitability of the economy, the relative 
share in the formation of the market is small, but 
sales growth rates are high. To increase their mar-
ket share, substantial investment is required opti-
mally in innovative products. At the same time, the 
economy’s ability to consume acquires the greatest 
importance. Accordingly, these indicators can be 
independent factors for the resultant – total con-
sumer costs.

Based on the fact that marketing analysis of a mar-
ket means assessing, defining, modeling and fore-
casting processes and market phenomena using 
economic, statistical and other research methods, 
a marketing model will be built and certain as-
sumptions will be formed as well:

• outsourcing, marketplacing and retail are the 
basis of modern digital business transforma-
tion in its functional and target categories;

• the observation period is limited by the time 
from the moment of intensification of elec-
tronic sales to the next year, for which statisti-
cal data are available;

• market capacity – sales statistics for the econ-
omy as a whole are taken into account;

• digitalization level – statistical data on inter-
national monitoring of networked business 
readiness and level of ICT development were 
taken into account;

• the number of suppliers in the market is not 
an impact factor, since under digitization of 
exchange operations, tighter competition, 
openness of the economy and diminishing re-
sources (access to them) this factor is leveled;

• in the conditions of digital transformation, 
goods began to be called logistics services for 

Figure 1. Results of marketing analysis of digital process perspectives for the modified BCG matrix
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finding, purchasing, delivering and paying for 
what was previously called goods;

• based on the network marketing campaign in 
internet content, the uniqueness of the dom-
inant participant position in the network de-
termines the response of end users;

• the basis of the exchange operations were cy-
ber-systems, which in real time are sort exog-
enous, intermediate and target parameters of 
the marketing model. While functioning on 
the basis of cyber-systems, marketing models 
are functional.

Impact of the business processes digitization is 
concerned to the speed of conversion of working 
time to value-added product (or net financial re-
sult). Usually during the study of the effectiveness 
or efficiency of the business entities, functioning 
attention is paid to the optimization of business 
processes of production, logistics or technological 
content.

3.3. Generalization of the notion  
of CPSS architecture  
in the digital economy

Modern business process optimizers are in line 
with the hierarchical basis of the digital econ-
omy. Hierarchical basis of the digital economy, 
according to the authors creates a symbiosis of 
CFSS, in which software is a social object. The 
CFSS information and resource inquiries not 
only work on receiving information and other 
resources, but also on the analytical processing 
and execution of the request. It is believed that 
the CPSS in the digital economy has the following 
components (Figure 2). 

The internal block of information processing, 
namely recources, contains model decoders 
(OMG, 2019), a tree of goals, a tree of architectural 
management decisions of the maximum possible 
alternatives. Accordingly, an appropriate inter-
face of software and hardware architecture should 
have an impressive set of behavioral protocols for 

Note: The terminology “architecture”, “system”, “architecture of business units”, “software architecture”, “business 
organization architecture” is borrowed from Eeles (2006), A Conceptual Model of Architecture Description (2000).

Figure 2. Generalized view of the CPSS architecture in the digital economy

E-commerce

Outsourcing Marketplacing Retail Other tools

Classical system of goods sales
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organizational effectiveness

Business organization architecture 
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members) from other CPSS
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optimal automatic production, logistics, financial 
and other business activities. Note also that the 
behavioral protocols should focus on the ultimate 
function of the business in the form of customer 
satisfaction at each particular point in time. 

The main element of the CPSS is the collection 
and evaluation of information from a dynamic 
and undefined physical environment, which must 
be transformed into useful knowledge in real time. 
So, CPSS  is defined as the following entry: 

( ) ( )1, , , , ,

, , , , , .

nCPSS y Rel WI Reg x x

Resp S Const I P O

=   (1)

In general, a CPSS  is a combinable and pro-
grammable object containing an internal unit 
for processing information, resources P  and an 
interface ,WI  that waits for consumer requests 

( )1, , nReg x x  from other ( )1, , nCPSS j j  
and corresponds to them .Resp  The CPSS  pro-
cessing unit receives inputs ,I  produces outputs 
,O  and has states .S  Its compounds define inter-

mittent or permanent connections of Rel  with 
other .CPSS  These relationships are connec-
tions established under specific sets of constraints 

.Const  Based on this, for the CPSS of household 
consumption, an integral indicator can be cal-
culated from three others: the profitability of the 
country’s economic activity, the level of develop-
ment of ICT Development Index and Network 
Readiness. 

Typical features of the presented CPSS architec-
ture are digital transformation of production and 
sales processes using artificial systems for mode-
ling variational scenarios between computational 
and physical resources in real time and infrastruc-
ture operation control protocols.

At the moment, CPSS combines cyber launch, 
computer hardware and software technologies, 
qualitatively new actuators that are built into the 
environment in the mode of perception of chang-
es, response to them, self-study and adaptation.

3.4. Mathematical modeling  
of situational precedents  
and description of the results 
obtained in the framework of 
marketing and neural network 
modeling

Formation of a net financial result of enterprises 
directly depends on the used means of exchange 
of basic and financial resources, as well as requests 
of end consumers (household members) to meet 
their complex needs. According to the Concept of 
Development of the Digital Economy and Society 
of Ukraine for 2018–2020 (Verkhovna Rada of 
Ukraine (2018), the main purpose of digitization 
is to achieve digital transformation of existing and 
creation of new industries, as well as the transfor-
mation of living environment into new, more effi-
cient and modern, and one of the steps is determin-

Table 5. The dynamics of independent factors and the resulting indicator 

Source: Calculated by the authors based on The Networked Readiness Index. Reports (2010–2016),  
Measuring the Information Society Reports (2014–2017), Ukrainian statistical data (2010–2017), State Statistics Service of Ukraine (2019). 

Index, Ukraine
Indicator 2010 2011 2012 2013 2014 2015 2016 2017

Years

Networked 

Readiness Index 

(7 = Best) х 
(independent 

factors)

х
1
 3.53 3.53 3.85 3.87 3.87 4.0 4.2 4.44*

ICT Development 

Index (10 = max)
х

2
 4.41 4.64 4.97 5.15 5.19 5.23 5.31 5.62

Rent
Val

** х
3
 0.02 0.04 0.02 0.0003 –0.16 –0.08 0.01 0.04

Total 

consumer 

costs

UAH

у (resulting indicator)

2,762.89 3,115.66 3,261.63 3,445.91 3,708.79 4,600.41 5,331.41 6,632.50

% of 

indicator 

z***

89.9 90.1 90.8 90.2 91.6 92.9 93.2 92.9

Notes: * Current indicator is modeled based on the calculation of the trend line with the highest coefficient of determination 
obtaining value due to the lack of statistical data. ** The following formula is used ).Rent (Profit Business) / (Business Revenues=
*** Total average monthly expenses per one household, UAH.
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ing indices, indicators and methods for assessing 
the digital development of Ukraine in accordance 
with international practices. On the basis of the 
components identified while building a marketing 
model, a neural network model will be developed 
and constructed for business readiness for digital 
transformations in the economy in the dynamics 
of changes in the components of the marketing 
model. Therefore, to model a possible digital con-
sumer boom, the dynamics of profitability indices 
of the country’s economic activity ( )3; ,ValRent x  
the ICT Development Index ( )2x  and Networked 
Readiness Index ( )1x  are used (Table 5).

This publication has the opportunity to give a de-
tailed presentation of the results of combining 
the foundations of marketing and neural net-
work modeling in the subject plane of the study of 
business readiness for digital transformations of 
housekeeping and sales. Since the task to be solved 
should be attributed to the regression analysis 
tasks, it is, therefore, advisable to use the follow-
ing types of neural networks, namely, multilayer 
perceptron and radial basis networks (Rudenko et 
al., 2019).

According to the statement of the Kolmogorov-
Arnold-Hecht-Nielsen theorem for determining 
the required number of synaptic weights, Lw  in 
a multilayer network (Kruglov, 2002) should be 
determined:

( )
2

1
1 log

1 ,

m N N
Lw m

N m

n m m

′ ′ ′⋅  ′≤ ≤ ⋅ + × ′ ′+  
′ ′ ′× + + +

 (2)

where n′  – input signal dimension, m′  – output 
signal dimension, N ′  – number of elements of the 
training set.

The number of neurons in the hidden layers L′′  
(Kruglov, 2002):

,
Lw

L
n m

′′ =
′ ′+

 (3)

where L′′  – number of neurons in hidden layers of 
the neural network.

The initial data to construct mathematical model 
based on neural networks are presented in Table 6. 
Based on these data, the required number of syn-
aptic weights of Lw  will be determined.

( )
2

1 5 5
1 1 3 1 1 1,

1 log 5 1
Lw

⋅  ≤ ≤ ⋅ + ⋅ + + + +  

 

1,505 43,Lw≤ ≤
 

0,251 7,167.L′′≤ ≤
 

Statistical 13 Trial software package for data was 
used to conduct statistical analysis in order to 
build a mathematical model of a neural network. 
The base of initial data is automatically divided in-
to training, control and test samples in the module 
SANN. The following mathematical models of the 
neural networks of influence of the business pro-
cesses digitization were obtained during the con-
struction (Table 6).

For instance, RBF 3-5-1 is a radial basis function 
network, which consists of 5 inputs, on a hidden 
layer – 5 neurons and 1 output.

Given that there are several runs of the learning 
algorithm, neural network is chosen under the 
number 2 MLP 3-4-1, which has the highest per-
formance in the above sample sets and only four 
neurons in the hidden layer, that is, a simplified 
architecture.

Table 6. Results of mathematical models of neural networks of the impact of the business processes 
digitization, which showed the highest performance in the training, control and test samples

Index Network name
Training 

performance
Test performance Training error Test error

1 RBF* 3-5-1 0.910829 0.000000 0.014722 0.000001

2 MLP** 3-4-1 0.991892 0.000000 0.001464 0.000070

3 MLP 3-2-1 0.835935 0.000000 0.026666 0.005860

4 MLP 3-6-1 0.909299 0.000000 0.015323 0.003050

5 RBF 3-3-1 0.886306 0.000000 0.018311 0.001485

Note: * Radial basis function network, ** multilayer perceptron.
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Results of mathematical models of neural net-
works of the influence of the business processes 
digitization, namely, learning errors of training 
and test samples, are demonstrated in Figure 3.

The scatter diagram of the calculated and actual 
values of the resulting indicator of the mathemat-
ical model of a neural network and impact of the 
digitization of business processes such as the MLP 
3-4-1 type are presented in Figure 4.

Based on the obtained mathematical model of 
the neural network of the influence of modern 

economic optimizers on the digitalization of 
business processes such as MLP 3-4-1, which 
proved its adequacy, situational modeling of 
business readiness will be performed for dig-
ital transformations on the following output 
data presented in Table 7. 

While determining the resulting indicator, the 
following results were obtained (Figures 4-9). In 
case of permanence of х

2
 and х

3
 and the exist-

ence of three of х
1 
mentioned scenarios, the level 

of household’s total expenditures remains at 6.8% 
(100%–93.2%) to 6,181.49 UAH (Figure 5).

Figure 3. Errors in training educational and test samples of mathematical models of neural networks, 
the influence of the business processes digitization, which showed the highest performance
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Figure 4. Scatter diagram of calculated and actual value of a resulting indicator of the mathematical 
model of neural network, influence of the digitization of business processes such as MLP 3-4-1
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In the case of the static nature of the indica-
tor х

1
 and other two, there are eight variants of 

“drawdown” of total consumer spending. For any 
growth, provided for by three development sce-
narios, the level of consumer total expenditure 

of households remains at the level of 93.2%. This 
gives grounds to assert that this independent fac-
tor remains one of the priorities for the further 
revitalization of electronic sales, and is not mo-
nopoly defining.

Table 7. Baseline data for situational modeling of independent factors influencing the business 
processes digitization based on the design of artificial neural network at worst, average and best script

Version x
1

x
2

x
3

Version x
1

x
2

x
3

1 (2017) 4.440 5.620 0.040 12 5.940 7.620 0.040

2 5.440 5.620 0.040 13 6.440 8.620 0.040

3 5.940 5.620 0.040 14 4.440 6.620 0.300

4 6.440 5.620 0.040 15 4.440 7.620 0.350

5 4.440 6.620 0.040 16 4.440 8.620 0.400

6 4.440 7.620 0.040 17 5.440 5.620 0.300

7 4.440 8.620 0.040 18 5.940 5.620 0.350

8 4.440 5.620 0.300 19 6.440 5.620 0.400

9 4.440 5.620 0.350 20 5.440 6.620 0.300

10 4.440 5.620 0.400 21 5.940 7.620 0.350

11 5.440 6.620 0.040 22 6.440 8.620 0.400

Independent 

factor
Optimal value

Version, the independent factor value
Worth Average Best

x
1 

7 (Best) 5.44 5.94 6.44

x
2
 10 (max) 6.62 7.62 8.62

x
3 

(growth) 0.3 0.35 0.4

Figure 5. Mathematical dependence of the resulting indicator (y) and independent variable x1  

on the type MLP 3-4-1 neural network 

Samples: Test
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In the case of constant of х
1
 and х

3
 and the exist-

ence of three of the maintained scenarios х
2
, the 

level of consumer total expenditure of households 
remains at 6.8% to 6,181.49 UAH. However, a de-
crease in the resulting indicator in the three de-
velopment scenarios has the variability of the sit-
uational precedent of constant х

1
 and х

3
 and the 

existence of three of х
2
 maintained scenarios in 

Table 7 (Figure 6).

Growth in the level of information and commu-
nication technology (х

2
) may contribute to the re-

duction of purchases through digital marketplace-
ing, which, among other things, forms consumer 
aggregate household spending. In fact the break-
through of digital processes can redirect the pop-
ulation towards financial investment, for example, 
in the digital stock market.

In the case of constant of х
1
 and х

3
 and the exist-

ence of three of the maintained scenarios х
3
, the 

level of consumer total expenditures of house-
holds remains at 6.8%. The reduction in the re-

sulting indicator in the three scenarios of devel-
opment has even greater variation in the previous 
version of the assumption (Figure 7).

When the situational precedent of constant х
1
 and 

х
2
 and the existence of three of х

3
 mentioned sce-

narios in Table 7, the current level of profitability 
is the most stable (see Figure 7). However, increas-
ing its index to the value of 0.3 (or 30%) makes 
a difference of 0.2%. For the country’s economy, 
such a growth in business profitability will have 
a positive effect on the financial inflows of public 
funds, which, in its turn, may return to the coun-
try’s citizens through comprehensive social pro-
grams and subsequently cause a consumer boom.

Results of modeling of a situational precedent with 
constant x

3
 and the existence of different values of 

x
1
 and x

2
 are shown in Figure 8.

It is seen that information technologies have a 
significant impact on consumer processes via 
structured standards for digital data exchange of 

Figure 6. Mathematical dependence of the resulting index (y) and the independent variable x2  

on the MLP 3-4-1 type neural network 
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Figure 7. Mathematical dependence of the resulting index (y) and the independent variable x3  

for the MLP 3-4-1 type neural network 
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Figure 8. Cross-section of response surface of result indicator (y) and independent variables of x1  

and x2 for a neural network of MLP 3-4-1 type
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already known and prescribed algorithms, wide-
spread use of computer capabilities, the provision 
of information in a form acceptable to the con-
sumer, as well as the transfer of information re-
gardless of the regulators of the state administra-
tion of a particular country. 

A situational precedent, in which x
1
 remains un-

changed for different values of x
3
 and x

2
, is shown 

in Figure 9.

Figure 9 shows that there are no pronounced 
changes in the dynamics of the probable consum-
er consumption of household expenditures. This 
is due to the low level of high-tech production in 
Ukraine, which would meet international stand-
ards. Being one of the most important indicators 
of a country’s potential for its development, busi-
ness investment in ICT Development Index over 
time affects the level of business profitability and 
consumer confidence in manufactured goods. 

A situational precedent, in which x
2
 remains un-

changed for different values of x
1
 and x

3
, is shown 

in Figure 10.

The wave oscillation of plane by the situational 
precedent (Figure 10) gives reason to argue that 
the level of network readiness has a significant im-
pact on the business profitability. The study of the 
level of network readiness of Ukraine, the assess-
ment of its impact on the economy of the coun-
try allow to establish the degree of dependence 
of the population’s welfare on the information 
society. Business lags behind most of the leading 
economies through less active introduction and 
use of information technologies, which makes it 
difficult to realize the potential of fast networking 
and building smart factories. This forms a prec-
edent for information-digital inequality between 
technology country-leaders and Ukraine, delayed 
investment in the economy, distrust in relations 
between economic subjects.

Figure 9. Cross-section of response surface of result indicator (y) and independent variables x2  

and x3 for a neural network of MLP 3-4-1 type
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Figure 10. Cross-section of response surface of result indicator (y) and independent variables of x1 

and x3 for a neural network of MLP 3-4-1 type

CONCLUSION

Given the monitoring of status of outsourcing, marketplaces and retail in the world and in the regions, 
rather high requirements for business are determined both in terms of process and outcome approaches. 
The active position of the leading world countries’ business is shown to maximize the success of interna-
tional e-commerce. It is revealed that the established trend does not apply to all economies. Accordingly, 
a marketing analysis was conducted to determine the type of strategy that needs to be applied in order 
to activate business digitalization processes.

The current precedents of the economy digitization envisage a radical restructuring the interobjects, 
subjective-object and intercommunicational communications, a digital system of identification of the 
impact factors, the development of process protocols on variations of subject-object behavior and the 
adoption of managerial decisions in real time. Accordingly, the adoption of rational management deci-
sions in real practical situations is complicated influenced by many factors and the variety of possible 
options for achieving business goals. Proceeding from this, the article generalizes the current architec-
ture of the CPSS in the digital economy.

On the basis of the established low rate of business profitability with an increase in household consump-
tion expenditures, a special case of low business readiness to improve marketing technologies in line 
with global trends has been identified. This study proposes a macroeconomic assessment of business 
readiness for the transition to a digital economy using a specific set of indices of domestic and interna-
tional monitoring. This research deals not with probability, possibility, but with expectation. The high-
est degree of influence of indicator pairs such as the ICT Development Index and the gross profitability 
of the business on the country’s economy, as well as the Networked Readiness Index and the gross prof-
itability of the business in the country’s economy on the aggregate consumer costs were revealed. 
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