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SIMULATION OF THE ACTIVITIES OF SUBJECTS OF E-BUSINESS ON
THE BASIS OF A COMPATIBLE PROBABILISTIC MODEL

MOJEJTIOBAHHA NI1JIBHOCTI CYB’€KTIB EJIEKTPOHHOI'O BIBHECY HA
OCHOBI CKJAJITHOI UMOBIPHICHOI MOJEJII

The article deals with the situation of e-commerce and e-business in the conditions of
modern economy of Ukraine. The relevance of this study is especially high today, because the
success of electronic business depends primarily on the introduction of innovative projects based
on the economic and mathematical modeling of the subjects of electronic business. The use of the
probabilistic model for modeling the activity of the subject of electronic business is proposed to
simulate the model of S. Patel and A. Schlizher, which is based on a simple probabilistic model
and takes into account some psychological effects of consumer behavior when choosing goods in
the market. In this model, the following effects are considered: the effect of minimizing damage,
the effect of assessing the importance of qualities and properties, the effect of minimizing the
distance to the average commodity. The research is based on the study of the work of scientists-
economists, on the synthesis and complex analysis of domestic and foreign studies of consumer
behavior in the context of e-commerce. Among the methods used in the study can be
distinguished such as observation, analysis and synthesis, the method of modeling. In
determining the probability of selecting a platform in this model, the utility function is used.
Based on the probability transition matrix, a consumer choice model was developed between two
e-commerce platforms. The use of this model for the companies' choice of platforms for the
implementation of their activities, as well as for the evaluation of the activity of the Internet
platforms in general, is proposed. The results of modeling are the forecast distribution of market
share between competitors. During the research the following tasks were fulfilled: the state of
the e-commerce market in Ukraine was studied; the behavior of the subject of e-business has
been explored; statistical information has been collected and processed in relation to the
research object; the model of behavior of Internet consumers with the help of the chosen model
was constructed.
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Y cmammi pozenanymo cmanosuwe eiekmponHoi Komepyii ma eieKmpoHHo2o 06izHecy 6
YMOBAX CYYACHOI eKOHOMIKU YKpainu. AkmyanvHicmb 0aH020 00CNI0NHCEHHS CbO20OHI 0COONUBO
BUCOKA, aoddce YCHIX eleKMPOHHO20 OI3HeCy 3anelCumsv Hacamnepeo 6i0 3anpo8a0NCeHHs
IHHOBAYTUHUX NPOEKMI8 3ACHOBAHUX HA eKOHOMIKO-MAmMeMamuyHOMy MOOen08AHHI OilbHOCMI
cyb’ekmie enekmpoHH020 0i3HeC).3anponoHO8AHO BUKOPUCIAHHS UMOGIDHICHOI MoOeni 0.
MOOent08ants JisibHOCMI Y0 'ekma elekmpoHno2o 6iznecy mamemamuytny moodenv C. I[lamens
ma A. lnixcnepa, saxa 6y0yemvbcsi HA OCHOBI NPOCMOI UMOBIPHICHOT MOOeNi Ma 8Paxo8ye OesKi
ACUXOI02TUHI eheKmu NOBedIHKU CNodcu8aya npu eubopi moseapie Ha puuky. B oawiii moodeni
PO32NIAHYMO HACMYNHI epekmu. eghexm MIiHIMI3ayii WKOOYBAHHSA, ephexm OYIHKU 8aANCIUBOCTI
aKocmel ma eracmueocmet, egexm MiHIMizayii 8i0cmani 00 CepedHbOo20  MOBApY.
Jocniosxcenns 6azyromoecs HA BUBYEHHI pOOIM GUEHUX-EKOHOMICMIB, HA Y3AealbHEHHI Mda



KOMNJIEKCHOMY AHANI3] GIMYUSHAHUX MA 3AKOPOOHHUX O0CHI0NCEHb NOBCOIHKU CHONCUBAUIE )
po3pizi e-commerce. Ceped memoois, 3acmoco8aHux npu OOCHIONCEHHI MONCHA BUOKDEMUMU
Maxi AK CNOCMeEpediCeHts, aHanizy ma cummesy, memoo mooeniosants. Illpu eusnaueni
timogiprocmi 6ubopy naam@opmu y 0auiti Mooeni UKOPUCMO8YemMbcsl pyHkyis kopucnocmi. Ha
OCHOGT Mampuyi UMOGIPHICHUX nepexo0ie n0OYO0B8AHO MOOelb BUOOPY CRONCUBAYIE MIdNC 08OMA
niamgopmamu enekmporHHoi Komepyii. 3anponoHoBaHo BUKOPUCAHHA OAHOI Mooeni O0is
8UOOPY KOMRAHIAMU NAAMPOPM WOOO 30TUCHEHHS CB0€I OINbHOCMI, a4 MAKodC OJisi OYIHKU
OisibHOCMI 8llACHe IHmepHem — naamgopm 6 yitomy. Pezynomamamu mooento8anHs € npocHo3
PO3NOOINeHHs 00N PUHKY MIdC KOHKYpenmamu.B x00i 00cniodcenHss GUKOHAHO HACMYNHI
3A80AHHA: BUBHUEHO CMAH DPUHKY eNeKMPOHHOI Komepyii 6 YKpaini; 00cniodceHo noeediHKy
cyb’ekma enekmpoHHo20 Oi3Hecy;3i10paHo ma ONpaybo8aHo CMAMUCMUYHY [HGopmayiro,
CMOCOBHO 00’ €kma 00CNIOINCeHHs, NOOYO0BAHO MOOeNb NOBEOIHKU [HMEPHEem- CHONCUBAUYIE 3d
00nomozor 0bpanoi mooeii.

KuarouoBi cioBa: enekTpoHHUi Oi3HEC, €IEKTPOHHA KOMEPIIis, CIIOXKHBad, IuiaTdhopma

OHJIAMH-TOPTIBIII.

Introduction. To date, the global nature of the development of economic
relations, as well as the rapid development of information and communication
technologies, have created a new form of relationship: e-commerce and e-business.
Now we can observe the rapid development and conditions for the further growth
of the share of e-commerce in the Ukrainian market, which positively affects the
economic situation and opens new business opportunities. Among the benefits
created, one can distinguish the following: rapid reaction to demand; new
opportunities for doing business; sales personalization; global presence and
expansion of geography; low operating costs; rapid development of a competitive
environment. The relevance of this study is especially high today, because the
success of electronic business depends primarily on the introduction of innovative
projects based on the economic and mathematical modeling of the subjects of e-
business.

The development of e-commerce is very fast. For a fairly short period of its
existence, it has received extensive research in the domestic economy in foreign
literature. Among the authors who investigated this problem are the following:
Melnyk OV, Bublikhenko O.V., AmmosovYu.M.,Lyapunov SI, Uspensky IN,
Lowe P., Eimora D., Carver D. Clark R., Matou A., Schneider B., Eimor D. The
questions of mathematical modeling of consumer behavior are dealt with both
domestic and foreign researchers: B. Lipstein highlighted the special influence of
advertising on the consumer's choice, his loyalty; S.T Charles, in the consumer
behavior model, considered incentives that affect consumers in the decision-
making process for purchasing a product. He highlighted marketing
communications as one of the most important factors affecting consumers. This
model is based on four components: motivation, incentives, attention, acquisition .;
V.L. Beresnev, V.l. Suslov constructed a model that takes into account the three
stages of decision-making by the consumer; A.M. Semiglazov, V.A. Semiglazov,
K.I. Ivanov worked on a mathematical model that allows us to construct, with the
utmost precision, the forecast of the economic efficiency of the impact on the
consumer in the decision-making process concerning the purchase of goods with
the help of advertising; 1.B. Kashirina, V.G. The consultant in the regression
model of demand has taken into account the influence of social and demographic



factors on the prediction of consumer behavior ; S. Patel, A. Schlizher in the
probabilistic model took into account the psychological characteristics of consumer
behavior when buying a product. In the composition of the model, they included
effects that describe these particulars.

Statement of the problem. The purpose of this study is economic and
mathematical modeling of the subject of e-business, studying the behavior of
Internet consumers in a market economy.

Methodology. The research is based on the study of the work of scientists-
economists, on the synthesis and complex analysis of domestic and foreign studies
of consumer behavior in the context of e-commerce. Among the methods used in
the study can be distinguished such as observation, analysis and synthesis, the
method of modeling.

Resultsof research. In Ukraine, there is a rapid and rapid development of
the e-commerce market, and an increase in the number of Internet transactions due
to increased re-purchases and the emergence of new Internet consumers. The
process of making purchases in the Internet environment is significantly different
from the process of purchasing a product in a traditional store because of the
virtual presentation of the product and the conditions for its delivery. In the
behavior of Internet consumers, which differs from traditional behavior, there are
various effects, in particular, the effect of the rupture of the value of virtual money,
which has been studied with varying degrees of completeness. In order to most
effectively sell products on the Internet, a great deal of Internet consumer research
IS being conducted and models of their behavior are being developed [5]. The
models examine individual cases of consumer behavior on the Internet for different
types of products, commodity markets and options for organizing sales processes
[3]. Since the environment of the decision-making process of the consumer about
the purchase is different and in the process of purchasing the Internet there is
various effects, it is necessary to conduct an analysis of consumer behavior
models. The consumer behavior model is a conditional image of consumer
behavior, created to study its behavior and develop the most appropriate marketing
activities of enterprises using such marketing tools as product offerings, pricing,
advertising, promotion, branding, and more [7].

The main idea of this study is to model the behavior of consumers who are
subjects of e-commerce. Such models should take into account the various
psychological and social factors that adequately describe how consumers influence
what is being sold and who buys it. The results of the simulation should be a
forecast distribution of market share between competitors.

The mathematical model by S. Patel and A. Schlizher is based on a simple
probabilistic model and takes into account some psychological effects of consumer
behavior when choosing goods on the market. In this model, the following effects
are considered:

- the effect of minimizing harm;

- the effect of assessment of the importance of qualities and properties;

- the effect of minimizing the distance to the average commaodity.



This article is presented in the form of a complex probabilistic model, which
consists of three models, which take into account the influence of individual effects
on the basis of a simple probabilistic model. This article examines the behavior of
online consumers, which takes into account the behavior of consumers in the
market, where there is a choice between two online trading platforms, which are
platforms for the opening of online stores, and the presentation of their products in
a single directory. The probability of choosing a platform depends on its previous
choice, in mathematical terms it looks like this:

Piomeny = 05;1 Piom +a;1 P2im
Poymiy = 01, Pyom + 3y Pop
where p,, - the probability of purchasing goods on the first platform;

P21 - probability of purchasing goods by the consumer on the second
platform;
m - time interval;

1)

a1 the probability of giving preference to the first platform, subject to the
prior selection of the first;

5 - the probability of favoring the second platform, with the prior selection
of the first one;

%1 - the probability of favoring the first platform, subject to the prior
selection of the first second;

% - the probability of favoring the second platform, provided the previous
choice of the second one.

% _ forms a matrix of transitions (% %2 =1= %2 %2 y anq the process is
presented as a Markov chain.

Moving to a continuous process (allowing the time step to be reduced to O at

a;, > Lz, > Lnrohabilities PO and P20 =1- PO the choice of each platform is
now calculated by the system of differential equations:
dp,

i =0, tag,P,

d 2)

dp . .
d_t2 =P a0,

If you put N - the number of people who behave in a typical, but on their
own, expected market share develops according to the system (28).

Assuming that the values are quite large and that consumers can be
considered as varying the determinant X can be considered as part of the
population. Then the model will look like:

dX,
dt

dX,
dt

=, X +apX,

3)

= X, +ayX,



These groups must satisfy the condition .x, + X, =1 The secondary diagonal
elements o;; — determine the speed with which consumers change the choice of
platform 1 from the platform j, when i#;.

We can assume that each interval of time PV once recycled, consumers visit
the platform by buying or not buying a product. For some m time interval PPV is
bought on the first online platform and PP2Y on the second. Then the volume of
purchased goods per unit time:

1b
{Vllb = ppV ( 4)
vV, =pp,V

For the commodity market, the probability of purchasing goods based on the

initial data of the model will look like:

{ Pigmary = C1Xam + QX o,

Poqmizy = X2 X1 + A X

()

2m

(5) shows the fate of the goods in the market at the time m.
The number of times a buyer leaves the platform without making a purchase
at random is:
1u
{Vllu pX,V 6)
V' = pX,V
Thus, the volume of purchases of goods on online platforms at the moment
(m+1):

{Vl(m+l) =XV, + pp.V,, — pX,V, )
Vomey = XV + PPV, — XLV,
Then the new market shares at the moment (m + 1):
Vi T Vamay =Va (8)
XV + PPV, = PXV, + XV + PR,V — pX,V, =V, (9)

Accordingly, the fate of online platforms on the market at the time (m + 1):
{Xl(m-d) =X, + pp; — pX, (10)
Xomsny = X2 + PP, — PX,

Psychological effects.

1. Minimize anticipated regret. This property was adopted in order to reduce
to simple comparable comparisons all that concerns quality (k) than a platform |
better than platform j. Matrix of probabilistic transitions 4" (2) is calculated on the
basis of assessments of the qualities of online platforms. Both platforms are
compared for a given number of properties. Each of them is evaluated on a
continuous scale in points.
k=1K n,

k =1K n,

Qu - evaluation of the k-th property of the first platform, where

Qe - gvaluation of the k-th property of the second platform, where

"o - number of comparable properties, where " =K q



On the basis of integral properties, we can conclude that consumers tend to

mar

change their place of purchase. Calculation of the coefficient %2 is carried out on
the basis of determining the number of properties for which the second platform is
better than the first:

a‘lrgar — I:Zl (11)

q

where N2 - the number of qualities for which a friend is better than the first

one.

Determining the number of properties for which the second platform is
better than the first, occurs through the Heviside function by the following
formula:

N2+1 :iH(ka _le) (12)

Taking into account (38) :[he probability of visiting the first online trading
platform will be:

> H(Q., - Qu)

ap = 2 (13)

N,

Accordingly, the probability of visiting the first platform will depend on the
number of qualities that it is better than a second.

2) The Effect of Assessing the Importance of the Properties of Online
Trading Platforms

This effect is to assess the utility of the selected platform. The utility is
considered by the consumer as the ability to meet the necessary needs, and also
reflects the consumer's relation to this platform.

In determining the probability of selecting a platform in this model, the
utility function is used. The utility function determines the preferences of the
consumer, where the utility of the utility function is the rational behavior of the
consumer, which is expressed in the choice of many alternatives of those trading
platforms that have the highest level of usefulness.

The utility function for each of the product alternatives is determined using
the coefficient f, and a quantitative assessment of the quality of the properties of
the platform Q,. The coefficient may on the market, in particular the position of the
brand in the quality space and how consumers perceive which of the qualities the
best is. The value of the coefficient S depends on how consumers evaluate every
feature of the platform at the level of importance for themselves when choosing
and buying goods.

> -1, (14)

where# - is coefficient of importance of properties, which has positive
values.



For a plurality of products with a set of properties that determine the quality
of a product, the utility function will look like:

U*@-X. A (15)
ﬂzl/\/Zkﬁi (16)
U@ = (5+ AR+ A0 (17)

Utility function U(Q) jncludes all the values of the evaluation of the quality

of the services of the platform, if Y(Q)>U(Q.) then the first platform is better
than the other. With this comparison, consumers are more loyal to the first site,

respectively, the probability of visiting the first will be higher 0y >y
Thus, the probability of purchasing the first product will be:
Az — U(Q,) (18)
U@Q;) +U(Q,)
Similarly, the probability of choosing a second platform, if it is better than

the first:

ac U(Q,)
7 UQ)+UQ) )

Formulas (44) - (45) are used to calculate transition probabilities choice of
trading platform effect considering the importance assess properties.

3) The effect of minimizing the distance to the "average".

The effect of minimizing the distance to the middle ground means that
consumers are inclined to change the solution in favor of the platform, which is
close to the qualitative estimates to the "average". The middle platform as the
center of mass in the category of quality can be calculated by the formula:

GZLiQk J (20)

N, k=1

where™ _ is number of platforms.

The average quality score is calculated by the number of platforms being
considered. The average can be weighted according to the calculations from the
platform to the second platform and center of mass. The calculation of the distance
between the platforms can be calculated by the formula:

d, =d(QQ,) = Zq:|Qk1 - Qk2|’ (21)

where d — is distance between platforms.
When comparing two platforms, the distance from two platforms to the

center of mass is calculated: 9:=4(Q.Q)and 9. =d(Q..Q)  The transition
probabilities of the site visit take positive values at the interval [0,1], so in this case
d1 — dz

it is necessary to the expression g ¢ - add 1 and divide by 2



d, —d,

o= (1+—2—2)/2 22
a (+dl+d2) ( )
as =1+ OI2_0'1)/2 (23)
l+ 2
The formulas (48) - (49) calculate the transition factor to the second

platform.

When choosing a platform, the consumer is under the influence of several
effects in one degree or another. Each effect has a different impact.

Let's accept #is the coefficient of importance of each effect that
independently influences the behavior of the consumer when choosing a platform,
provided:

ZZi =1 (24)
The complex probabilistic model of consumer behavior in choosing one of
the two items described conversion matrix A *.

It can be set due to the probabilities of transitions %12 and %z,

These probabilities in a simple model can be calculated on the basis of
market analysis. For a complex model, taking into account the psychological
effects of consumer behavior, the probability of purchasing a product can be
obtained in a more complex formula:

Uy = Yoy + 05 + XaOs + XsOy , (25)
where ®2- the probability of visiting the second platform, taking into
account the effects not allocated in this model, is given;

;- probability of visiting the second platform, taking into account the
effect of minimizing harm;

% - the probability of visiting the second platform, taking into account the
effect of assessing the importance of the properties;

o3 - the probability of visiting the second platform, taking into account the
effect of minimizing the distance to the average product;

%o~ the influence of the effects not isolated in this model:
7.~ the effect of the effect of minimizing harm;

Z2 - the influence of the effect of the assessment of the importance of
properties;

s - the effect of the effect of minimizing the distance to the average.

zq H (ka - le)

. = U(Q,) d,—d
a;, = g0, + g, X2 +y 2 +Z(1+¥j/2 26
12 = Xo@ T 11 n, 2 U@Q)+U(Q,) 3 d, +d, ( )




Zq: H (le _ka)

* 0 k=1
Oy = Y01 T 11

U (Q1) dz — dl
o UQ)+UQ) “({“ dl+d2j/2 &0
We set initial market shares occupying the company: X1 = 0,6, X2 = 0,4.
When solving the system we get the dynamics of distribution of buyers choice in
the next 6 months.
Consequently, we will have such market shares in the next 6 months:

Table 1- Data without taking into account psychological effects

Number

of month pl p2
1 0,8 0,2
2 0,731959 0,268041
3 0,6781 0,3219
4 0,635997 0,364003
5 0,603404 0,396596
6 0,578364 0,421636
7 0,559237 0,440763

By formulas (28-29) we calculate the finite values of elements of the matrix
of transition probabilities taking into account psychological effects on the basis of
expert estimates.

oy, =0,388048,  a,, =0,47351

Then we will have a market share taking into account psychological effects
in the next 6 months:

Table 2- Data taking into account psychological effects

Number of

month pl p2
1 0,8 0,2
2 0,666498 0,333502
3 0,593445 0,406555
4 0,552769 0,447231
5 0,529903 0,470097
6 0,516978 0,483022
7 0,50965 0,49035

Conclusions. During the research the following tasks were fulfilled: the
state of the e-commerce market in Ukraine was studied; the behavior of the subject
of e-business has been explored; statistical information has been collected and
processed in relation to the research object; the model of behavior of Internet
consumers with the help of the chosen model was constructed. This model could
improve and simplify the implementation of the choice of online trading platform
for enterprises, as well as help to identify the problem sides of the Internet
platforms.
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