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The study developed a methodology for building a mathematical model of a complex logistics
strategy of an organization using the example of a hotel business enterprise.

Digital marketing methods in combination with adequate mathematical methods allow to deter-
mine and predict customer behavior and predict consumer choice in the event of a positive experience of
receiving the desired service. According to the digital and quantum paradigms, the consumer is repre-
sented as a complex system and acts as a conceptual basis for developing an organization's logistics
strategy through the effective use of data analytics and modern information technologies and systems.

To determine the mathematical model, the current problems of guest flow clustering were
solved; using regression analysis approaches, the dependencies between consumer choice and the
most influential factors on the behavior of hotel guests were determined; using game theory, the most
successful loyalty program projects were determined; using Bayesian models, the probability of hotel
booking for regular customers was predicted.

The implementation of the developed models was carried out using Excel and the MathCAD
mathematical system.

Keywords: logistics strategy, digital marketing, information card, clustering, regression anal-
ysis, game theory, forecasting.

YV 0ocnioscenni pospobaero memoouxy nobyoosu mamemamuyHoi Mooeni KOMIIAEKCHOT 1o2icmu-
ynoi cmpamezii opeanizayii Ha npuxkIadi nionpuemcmea comenvrozo Oiznecy. Haykose obrpynmyeans
CMBOPEHHsL epeKmusHOi Io2icmuynol cmpamezii po36UmKy Opeanizayii, ONMuMIz3ayiss GUKOPUCTIAHHSL
HASIBHUX Pecypcie € ymosamu 3000ymmsi HeOOXIOHUX NOKA3HUKIE YCIMAHOBU ) NPOSHO3HUU Nepiod Ydacy.

Memoou yugposoeo mapxemunzy y NOEOHAHHI 3 A0EKEAMHUMU MAMEMAMUUHUMU MEMOOaMu
003601510Mb BUSHAYUMU MA CIPOSHO3Y8AMU NOGEOTHKY KNIEHMIE Ma nepeddauumu cnoxcuguuii udip
Y pasi nO3umMueHo20 00Cgioy ompumanis nompionoi nocayau. 3a yugposoio ma K6AHMOE0I NAPaAOU-
eMamu CROJICUBAY NPeOCMAasIsAEMbCa Y UIAOL CKIAOHOI 6a2amonapamempuyHoi cucmemu, sKka 00-
HOYACHO nepeby8ac 6 KilbKOX eMOYIUHUX ma NOoGediHKOBUX CMAHAX i GUCTNYRAE KOHYENmyalbHO
0CHOB010 071 PO3POOKU N02ICTMUYHOI cmpamezii opeanizayii 3a60AKU eeKMUGHOMY BUKOPUCTAHHIO
AHATTMUKY OAHUX | CYYACHUX THHOPMAYITIHUX MEXHOL02TU Ma CUCTEM.
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Jlns gusHawenHs mamemamuyHoi MoOei po368 sI3aH0 aKMyAaIbHi 3a0ayi Kiacmepizayii nomoxy
2ocmell HA OCHOBI PO3POoONeHUX THHOPMAYTUHUX KAPMOK KIIEHMIE 20MeNio; 3d OONOMO20H Ni0X00i8
pezpecilino2o aHanizy BUSHAUEHO 3ANEHCHOCHI MIdHC CRONCUBHUM 8UOOPOM MA HAUOIIbUL 8NIUBOBUMU
YUHHUKAMU HA NOBEOIHKY 20CHell 20meii0, 3acobamu meopii i2op 8U3HAYeHO HAUOLIbW YCHIWHI 05
peanizayii npoeKmu npopam JOSIbHOCME 0l NeGHUX KAdcmepis cnodcusayis, 3acobamu baiiecieco-
Kux mooenetl 30iiUCHeHO NPOSHO3YE8AHHS UMOGIPDHOCHE OPOHIOBAHHS 20MeNt0 OJisi NOCMIUHUX KIIEHMIE
30 OaHUMU X OUHAMIYHUX THHOPMAYIUHUX KAPMOK.

Peanizayia pospobnenux mooeneti 6yna 30itichena 3a donomozorw 3acobie ET Excel ma y ma-
memamuunii cucmemi MathCAD.

3anpononosana mamemamuyHa mMooeib Modce Oymu BUKOPUCIAHA 8 OISAbHOCMI YCMAHO8
20MeNbHO-pecmMOpPanozo Oi3Hecy 0 pO3YMIHHA NOBEOIHKU KAIEHMIB, OISl 3AMYYeHHA HOBUX 20cmell |
NPOOOBIHCEHHS MEPMIHY 83AEMOOII 3 HAAGHUMU KIIEHMAMU 3ac00aMU epeKmusHo20 SUKOPUCTIAHHSL
KAIEHMO-OPIEHMOBAHOT peKamu ma po3podneHux nio ocodoucmi nompebu ma 3aYyiKA6IeHHs CROICU-
8aya npocpam JOANbHOCHI.

Kntouoei cnoea:. nocicmuuna cmpameeis, yugposuil mapkemuHe, iH@opmayilina Kapmka,
K1acmepuzayis, pecpeciiHull ananis, meopis i2op, npo2HO3yY8aHHsL.

Problem’s formulation

The basis of a comprehensive logistics strategy in the modern realities of the information
world is its customer orientation. From the point of view of digital marketing, the consumer is consid-
ered as a dynamic multidimensional system. A modern institution must promptly determine the re-
quests of the consumer of its services to develop its products or services. Therefore, the main direction
of the logistics strategy of a hotel and restaurant business enterprise is to create and provide conven-
ient in the modern information space and comfortable conditions for accommodation, stay and meals
according to consumer needs. This will encourage an increase in demand for the organization's ser-
vices and lead to a higher level of customer satisfaction after receiving them. And for this, the content
developed and offered by the enterprise in the information space must be adapted to each client, based
on the forecasting analysis of his online behavior [1].

With the advent of information and search systems, the understanding of the value of analyti-
cal data and their effectiveness came. The use of customer data and information about their prefer-
ences for targeted marketing made it possible to reduce advertising costs, increase profitability and
increase the payback of investments and investment projects. Thanks to the Internet, it became possi-
ble to have direct contact with the consumer, maintain constant contact with customers and influence
them economically and with extreme accuracy. When searching for a product or service, the Internet
provides the necessary information to the consumer, and on the other hand, it helps data analysts to
better understand and study consumer behavior, determine his preferences, financial capabilities, and
spending patterns. Marketing paradigms and rules began to merge with science, analytical data be-
came a mechanism for implementing new marketing opportunities [2].

Analysis of recent research and publications

The research of the issue of digital and quantum marketing and their concepts was devoted to
the works of scientists R. Rajamannara, G. Kawasaki, O. Karpishchenko, Yu. Loginov, O. Romanen-
ko, V. Ruban, I. Pedko, I. Zlatova, M. Oklander, T. Oklander, G. Vainerchuk, R. Deis, S. Godin, F.
Kotler and others. Increasing the level of informatization of society contributes to an increase in the
number of online buyers. And compliance with the principles of digital advertising and the search for
new technologies of influence will help increase the level of efficiency of digital marketing.

The main value of the quantum paradigm is the study not only of the client's consumer behavior, but
also the analysis of the consumer as a person — a holistic personality. This requires an understanding of the
psychology, moral and aesthetic values of a person and the dynamics of his behavior. The attention of re-
searchers switches from the straightforward desire to provide quality service to improving the impressions of
a person and his family from service and the level of communication. This will contribute to the effective
interaction of manufacturers, service providers with consumers. Ethics and universal human values become of
paramount importance. The client's trust in the organization, the honesty and sincerity of its employees be-
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come the main competitive advantage [3]. In view of the development of modern marketing paradigms, the
so-called system of means "7P" is being formed [2], the components of which are:

1) Product — goods or services;

2) Price — optimal prices for each consumer segment;

3) Place — taking into account the location of the consumer and the offered service;

4) Promotion — advertising or SMS-sending or e-mails adapted to the needs of the consumer;

5) People;

6) Process;

7) Physical evidence — specific, material evidence.

Rapid changes in consumer behavior require business owners to use an integrated approach to
revenue management, with the sales and marketing departments having the greatest influence in the
decision-making process. Converging their roles and applying digital technologies is crucial for effec-
tive management of distribution channels.

The relevance of developing and implementing a comprehensive model of strategic planning
at the enterprise is due to the growing dynamics of the external environment, increasing the pace and
directions of its economic, political and social changes. Scientific substantiation of the creation of an
effective logistics system of strategic planning of the organization's development, optimization of the
use of available resources are the conditions for obtaining the necessary indicators of the institution in
the forecast period of time.

Formulation of the study purpose

The purpose of the study is to develop mathematical models of a comprehensive logistics
strategy of an organization. To achieve this goal, the following tasks were identified:

— to systematize mathematical methods for modeling the logistics strategy of an enterprise and
the purposes of their application;

— to study the main approaches of digital and quantum marketing and their application to study
factors influencing the consumer, modeling behavioral scenarios of consumers and developing techno-
logical maps of employees of the institution;

— to build mathematical models for developing a comprehensive logistics strategy of an organ-
ization using the example of a hotel business enterprise, based on the provisions of cluster and regres-
sion analysis, digital and quantum marketing approaches and game theory tools.

The proposed approaches of digital and quantum marketing in conjunction with the developed
mathematical models make it possible to assess and predict the further behavior of consumers, assess
the probability of attracting a new customer or maintaining the loyalty of a regular customer, and de-
termine the types of advertising and offers that will interest a particular customer.

Presenting main material

For the description, further formalization and processing of data for further prediction of be-
havior, information cards of hotel customers are formed, which constitute a set of objects Xa:
X ={Xy, ..., xn}, Which describes the information state of the system — the customer base.

Each object x is characterized by a certain list of factors f, (x), j=1,m. Then the vector

(fr(x), ..., fm(x)) serves as a characteristic description of a certain object — consumer x. And the entire
system under study from the set of objects Xn: X = {Xu, ..., xn}, is represented in the form of a matrix F
describing the characteristics of the system of dimension nxm:

f,00)  f060) o (%)
L0G) (%) o fa(x)

fl(Xn) fz(xn) fm (Xn)
Since the factors that characterize consumers can be described not only by quantitative charac-
teristics, but also by nominal, ordinal, and binary characteristics, it is necessary to perform formaliza-

tion and data recoding to describe the characteristics of the system and its further processing.
To predict the consumer behavior of a client — object x, an objective function is determined
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2(f,00) = Yt £,

where a; — are the weight coefficients of the corresponding factors.

After recoding the client information card data to build consumer behavioral scenarios, the
level of commitment L(f(x)) of a given client x to the institution is determined. To do this, the total
number of points for a given consumer is calculated. If the set of weight coefficients is represented in

a,

a
the form of a column matrix « =| > , then the number of consumer points is determined from the

am
o,
product of the matrices: L(f (x)) = (f,(x) f,(x)... f, (X))- %
a

m
The column matrix of the number of points of all objects of the system S is determined by the
formula:

() f,0q) . fo()) (e

L(f(Xi)):F-O{: fl(xz) fz(xz) fm(Xz) . a,

fl(xn) fz (Xn) fm (Xn) am

Based on the generalized marketing paradigms and the above factors of the logistics strategy,
the following scheme for developing a comprehensive logistics strategy for a hotel was determined:

1. Carrying out a comprehensive analysis of the market and competitors.

2. Determining the target audience (market segmentation and identification of customer
groups, their needs, interests, preferences and expectations from hotel services).

3. Developing a unique offer (unique positioning of the hotel to distinguish it among competi-
tors and attract the target audience).

4. Setting current goals (determining specific and achievable goals aimed at fulfilling the cur-
rent consumer request)

5. Determining optimal promotion channels based on digital and quantum marketing approaches
(online marketing: hotel website, social networks, contextual advertising; SEO optimization: increasing
the hotel's visibility in search engines; SMS — mailings, e-mails; online booking systems; loyalty pro-
grams: developing personal loyalty programs to encourage regular customers, a discount system).

6. Developing a content strategy (creating informative, meaningful and attractive content that
demonstrates the advantages and attractions of the hotel and the peculiarities and value of its services).

7. Maintaining a competitive pricing policy focused on different financial capabilities of clients.

8. Developing a plan for implementing specific activities (alternative projects) and calculating
the required budget.

9. Determining results (tracking key performance indicators: quality of services; meeting cus-
tomer needs in housing, food, service and additional services; creating an image of the organization
that inspires trust and is associated with quality and uniqueness).

10. Adjusting the strategy.

When developing a mathematical model of an organization's logistics strategy, the following
mathematical methods are currently relevant and justified:

— Cluster analysis, which allows for a reasoned division of an institution's clients into clusters
based on current information and the dynamics of consumer preferences and interests.

— Regression analysis, which establishes dependencies between influencing factors and con-
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sumer behavior and subsequent choice.

— Digital and quantum marketing methods allow for a systematic understanding of consumer
behavior in the multifactorial and dynamic environment of the digital economy and the use of an inte-
grative approach to modeling consumer behavioral scenarios.

— Bayesian network methods allow for adaptive prediction of consumer behavior and choice
and predict the probability of booking a customer number for a certain group.

— Game theory approaches are used to analyze strategic interaction between clients and organiza-
tions and make it possible to determine the probabilities of implementing certain strategies and projects.

— Machine learning tools and artificial neural network construction provide personalization of
digital and quantum marketing and make it possible to predict which digital and quantum marketing
methods are appropriate to use for certain groups of consumers or clusters of customers, which meth-
ods will be effective for certain loyalty programs and will be able to increase advertising profitability.

The construction and implementation of a mathematical model of the hotel's logistics strategy
was carried out according to the following scheme (Fig. 1):

Market Segmentation:
Cluster Analysis grouping customers based on
behavioral patterns

Identifying relationships between
Regression Analysis consumer choice and
influencing factors

Bayesian Models

l

Game Theory

Predicting consumer choice
based on dynamic customer data

Analysis of interactions
between customers and institutions

Fig. 1. Methods of mathematical modeling of a complex logistics strategy

1) Using cluster analysis tools, the hotel's customers are divided into clusters.

2) Using regression analysis tools, the dependencies between the factors influencing the cus-
tomer and subsequent consumer behavior and the probability of continuing interaction with the estab-
lishment are established.

3) Using Bayesian models, the behavior and choice of the consumer are predicted and the prob-
ability of a customer booking a room in a certain group is calculated. The division into groups is carried
out according to the number of points calculated based on the results of formalizing customer data.

4) Using game theory tools, the strategic interaction between customers and the organization is
analyzed to determine the optimal loyalty programs to encourage customers.

When processing the hotel's customer questionnaires and based on the results of surveys in so-
cial networks and mobile messengers, it was determined that the main criterion by which the main
differences in customer requests in the list of necessary services, in response to advertising offers and
discounts were noted is the purpose of staying at the hotel. Based on this, the division of customers
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into 6 main clusters was carried out precisely on this basis:

K1 - Hotel customers who came on a business trip;

K2 - Customers — organizers and participants of conferences, forums, seminars and other
events based on the hotel;

K3 - Customers — visitors to tourist attractions;

K4 - Customers — visitors to well-known events held in the region;

K5 - Customers — visitors to this hotel chain;

K6 - Customers coming with their families for a family vacation.

But these clusters may have common elements, that is, these sets overlap. The hotel's database
also includes clients belonging to several clusters [5].

After performing customer segmentation, an information card of a hotel customer x is formed,
which is characterized by a list of 14 factors that serve as a characteristic description of this consumer.
Tabl. 1 provides a list, designation and description of the recoding of the characteristics of certain factors.

Table 1. Structure and content of the consumer information card

Factor Designation Data formalization (recoding)

Availability of e-mail X1 0—-no, 1 —vyes

Presence in social networks cov- Xo 0 —no, 1 — present in 1 network, 2 — in

ered by hotel advertising two, etc.

Hotel visits during the current year X3 0 — did not visit, 1 — visited 1 time, 2 —
twice, etc.

Number of hotel visits (according X4 0 —never, 1 —1 time, 2 — 2-5 times, 3 — 5-

to information available in the hotel 8 times, 4 — more than 8 times

database)

Belonging to a certain category Xs 0 — does not belong, 1 — belongs to 1 cat-

(segment) of hotel visitors egory, 2 —to 2 categories, 3 — more than 2

Use of additional hotel services Xs 0 — does not use, 1 — use of 1 service, 2 —
2 services, etc.

Personalized offers regarding the X7 0 —none, 1 — 1 offer, 2 — 2 offers, etc.

consumer’s business interests

Personalized offers of personal Xs 0 —none, 1 — 1 offer, 2 — 2 offers, etc.

interests

Education Xo 0 — secondary, 1 —specialized, 2 — higher

Age X1o0 2 — 18-25, 3 — 26-30, 4- 31-35 etc., 1 —
over 65

Marital status X1t 0 —single, 1 —married

Number of children X12 0 —none, 1 -1 child, etc.

Activity on the hotel website, reac- X13 0 — no activity, 1 — likes, 2 — writes re-

tion to posts views and comments

Number of positive reactions to X4 0 —-none, 1 -1, etc.

offers with subsequent visits to the

hotel

Applying regression analysis. It has been determined that the most influential factors on con-
sumer decisions, their commitment, and subsequent interaction are the reduction in the cost of a hotel
room through loyalty programs and spending on customer-oriented advertising.

It is necessary to determine the impact of promotional discounts x,, UAH and advertising costs
X2 thousand UAH on the number of customers involved in further interaction (who booked a hotel
room based on advertising and loyalty programs).

To do this, we will draw up a correlation equation and determine the multiple correlation coef-
ficient R and the coefficient of determination R

Thus, it is necessary to determine a two-factor linear regression equation, which has the form:

© Bonocosa H.M., I'noeBoii J1.B., 2026.
Jlinensis Creative Commons CC BY 4.0



22 Marematrune moaemoBanHs Ne 1(54)2026

Yxix2 = 8o + 1% +axXp.
The coefficients of this equation are calculated using the formulas:

_ ley (Sx2x2 - sxlxz) , a, = szy(lexl - lexz) ,
A A
2 _ — —
where A = SX1><1 'Sx2x2 - lexz yAg=Y—a-X —ay - Xy-
Sample variances are determined from the formulas:

n n n

2 - 2. B .

Sxxy = Z(Xli —%)° Sxox, = Z(X2i _XZ)Z " Sxyx =D (i = %) (Xo1 = X)
i=1 i=1 i=1

ley = Z(Xli —%)(Yi - Y) szy = Zn:(XZi —X)(Y; —Y)-
i=1 i=1

where X, X5, Y — average sample values.
The multiple correlation coefficient R for a two-factor model is determined by the formula

il

2 2
R=R _ |Riay +Rigy =2Ry, "Ry "Ruyy |
Uy Oaxe) T 1_R2
X1X2

Data processing and necessary calculations were performed in Excel.
As a result, we obtained a two-factor linear regression equation

Y,axe =—581,155 —0,096 %, +0,096x,,

which expresses the dependence of the number of customers attracted by loyalty programs (y) on pro-
motional discounts (x1) and advertising costs (x2) in social networks, SMS — mailings, etc.

The correlation coefficient between promotional discounts on hotel bookings (xz), UAH. and the
number of consumers attracted to further cooperation (y) is equal to .y = 0,683, which indicates a moder-
ate relationship between these indicators. The correlation coefficient between advertising costs (x2), thou-
sand UAH. and the number of consumers attracted (y) is equal to r«y = 0,849, which indicates a close rela-
tionship between these factors. The multiple correlation coefficient is R =R, , , = 0,858 which indi-

cates that the most significant is the simultaneous impact of both indicators of promotional discounts (1)
and advertising costs (x2) on the number of customers attracted by loyalty programs (y).

Bayesian Models and Probabilistic Estimation of Consumer Loyalty. To predict whether a
customer will book a hotel room as a result of a promotional offer, a probabilistic estimation of con-
sumer loyalty was performed using customer information card data to model the probability of their
subsequent consumer behavior. After recoding the hotel customer information card data, a generalized
information matrix L(f(x;)) of consumer data is created and the total loyalty score of each customer is
calculated, the value of which is equal to the sum of the elements of the corresponding data row of this
customer — object x;.

In the next step, the hotel's base customers were divided into 5 groups depending on the total
loyalty score: group H1 consisted of customers with a total score in the range from 0 to 10, group H2
consisted of customers whose total score belonged to the range from 11 to 19, group H3 consisted of
customers with a total score from 20 to 29, group H4 consisted of consumers with a total score from
30 to 39, group H5 consisted of consumers with more than 40 points. After the grouping was complet-
ed, a probabilistic Bayesian model was constructed.

According to the condition of the problem, event A is that a hotel base customer, having re-
ceived an advertisement with a promotional offer by e-mail, in social networks or via a mobile mes-
senger, agrees to the terms of the promotion and books a room at the hotel.

According to statistical data from the analysis of customer participation in previous promo-
tional offers and expert assessments, it is known that event A depends on which loyalty group the cus-
tomer belongs to (groups — hypotheses with which event A can occur) and the obtained conditional
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probabilities P(4/H;). According to the statistical probability formula p(H.) _ M the probabilities of
n

each of the described hypotheses P(H;) were calculated.

It is necessary to estimate the probability that a potential customer will book a hotel room
based on the results of the advertising campaign and estimate the probability that this will be a repre-
sentative of each of the groups, provided that the customer has booked a hotel room.

If it is known that event A can occur together with one of the events /7, /,,..., H,, which are

called hypotheses and form a complete group of pairwise incompatible events, then event A can be
represented as a combination of events

A=AH, + AH, +...+ AH .
The probability of event A is determined by the formula of total probability

P(4) =Y P(H,)- P(A/H,) = P(H,) - P(A/H,) + P(H,) - P(A/H,) +...+ P(H,)- P(A/H,)

i=1
The conditional probability of a hypothetical event assuming that event A has already occurred is de-
termined by Bayes' formula
P(A/Hi)‘ P(Hi)

P(H,/A) =— :
2 P(A/H;)-P(H))

The results of data processing and necessary calculations are given in Tabl. 2.

Table 2. Bayesian model calculation table

Group (hy- Conditional |Probability of Proba-
pothe-sis Number |Number of con- |probability |the hypothesis |P(4/Hi)* |bility
(H) of points |sumers (n,) P(A/Hi) P(Hi) *P(Hi) P(Hi/A)
H1 0-10 80 0,07 0,0871 0,0061] 0,0101
H2 11-19 175 0,3 0,1904 0,0571| 0,0949
H3 20-29 264 0,6 0,2873 0,1724| 0,2864
H4 30-39 290 0,8 0,3156 0,2524| 0,4195
H5 40-50 110 0,95 0,1197 0,1137| 10,1890
n 919 1 0,60174 1
Booking probability (total probability) 0,60174

Thus, using the formula of total probability, the probability of booking a room by a client of
the hotel database P(A) = 0.602 was found.

Using the Bayes formula, the probabilities of booking a hotel room under promotional offers
by a client of a certain group were calculated, provided that the room is booked.

Thus, sending advertising messages and letters with promotional offers is effective for hotel
clients of the third, fourth and fifth groups, that is, for those who have at least 20 points according to the
results of processing information cards. Therefore, it is to them that further loyalty programs should be
directed, and it is for these clients that it makes sense to develop personal offers and options for provid-
ing additional services, taking into account obtaining more information about consumer data.

Selection of optimal loyalty programs using game theory. Let's consider the option of as-
sessing the effectiveness of loyalty programs and their announcement at certain events and on online
platforms using game theory approaches. The analytical department of the hotel, having studied the
data of clients of the main clusters, developed business plans for loyalty programs for representatives
of each cluster. Depending on external factors (political, economic situation, state of the hotel services
market) and conditions of communication with consumers (advertising posts on Facebook, Instagram,
SMS-sending, e-mail, etc.), 5 scenarios were created.

For each business plan Xi, i=1, 2,..., 6 and scenarios Yj, j=1,2, ..., 5, the forecasted profits
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(miIn. UAH) were determined, which are presented in the form of a game payment matrix
24 28 22 34 272
35 32 44 24 28
24 26 23 32 29
32 31 36 24 26
42 35 26 31 45

35 34 32 35 24

It is necessary to choose the optimal variant of the loyalty program business plan or several
combinations thereof. Analysis of the business plans of the developed loyalty programs according to
possible scenarios of their implementation will allow to select those projects, the implementation of
which will bring the greatest economic benefit even taking into account possible risks.

The problem was solved using the Mathcad symbolic mathematics system, reducing the ma-
trix game to a linear programming problem.

To find the lower and upper prices of the game, we will compile a tabl. 3 of the game accord-
ing to its payment matrix [6].

Table 3. Determination of the lower and upper prices of the game

Loyalty Program scripts

programs Y Y, Y3 Y Ys
X1 2,4 2,8 2,2 34 2,2
X2 3,5 3,2 4,4 2,4 2,8
X3 2,4 2,6 2,3 3,2 2,9
Xq 3,2 3,1 3,6 2,4 2,6
Xs 4,2 3,5 2,6 3,1 4,5
Xs 3,5 34 3,2 3,5 2,4

We apply the maximin strategy for player A. We determine the minimum values in each row
of the game table. The lower price of the game is equal to the maximum value of these minimum val-
ues — 2.6 million UAH:

a =maxmin a; =max{2,2; 2,4; 2,3; 2,4; 2,6, 2,4} = 2,6
J I
For player B, we apply the minimax strategy and determine the upper price of the game. In

each column of the game table, we determine the maximum value. The upper price of the game is
equal to the minimum value of the obtained maximum column values — 3.5 million UAH:

£ = miin mjax a;; = min{4,2; 35; 4,4; 35; 4,5} = 3,5.

Thus, we have obtained a mixed strategy game and, since this problem has no saddle point.
For further solving the problem using symbolic mathematics MathCAD, we will reduce the
game to a linear programming problem. With this approach, the problem is reduced to finding the

minimum value of the objective function: min F(t) =t +t, +t; +t, +t. +t.. Subject to the fol-

lowing restrictions:
2,4t +3,5t, +2,4t, +3,2t, + 4,2t + 3,5t > 1;

2,8t +3,2t, + 2,6t, + 31t, + 3,5t + 3,4t > 1;
2,2t +4,4t, + 2,3t, + 3,6t, + 2,6t, +3,2t, > 1,
3,4t +2,4t, +3,2t, + 2,4t, + 31t. +3,5t, > 1,
2,2t +2,8t, +2,9t, + 2,6t, + 4,5t + 2,4t, > 1;

where t >0 (i =16).
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Let’s find a solution to this problem using the symbolic mathematics system Mathcad:
We will use the matrix form of data representation and implement the solution of the problem using
the Given — Minimize block. To do this, you need to:

1) Specify the initial approximations.

2) Specify the vector of variables of the objective function T(t) and its coefficients C (in the
form of column matrices).

3) Specify the objective function F(z)=C-T(t), constraints for the variables and the matrix of
constraint coefficients D and B.

4) Describe the Given-Minimize block, indicating D-T(t) > B, T(t)>0

5) We obtain a solution vector that satisfies the constraints in the solution block and provides
the smallest value of the function F(t)=0.314.

6) We set the formula and determine the price of the game w = 3.186 million UAH.

7) We determine the probabilities of implementing the business plans of the developed loyalty
programs by the formula

t1=ﬂ t2:=ﬂ t3:=ﬂ 4 5 &
:':t Y
|1 (1)
t .
o 3 el
L0 = t4 L= 1
te 1
i 1)
"6 )
E(t) = CT()
. . . . t.z20 t 20
tl_ﬂ tl_ﬂ t3_ﬂ t_1_[:| 5 6
(2.4 2.4 32 42 3.5) 1)
2.8 32263135 34 1
D= 2.2 2.3 36 26 32 E=1
3.4 2432243135 1
222829 2645 24) W1)

Fig. 2. Data entry and problem statement in MathCAD
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Given

D-T(t) = B Tt > 0

t := Minimize(F . f)
+=(0 000500 0.108 0.156) Fity=0.314

1

W= —

ED
w=3.186

6
5=Y 4=0314
i=1

P= p=10 0 0.16 0 0 0.344 0.496/

Fig. 3. Organization of the Given-Minimize block and output of results in MathCAD

The probabilities of implementing business plans for clusters K2, K5 and K6 are 0,16, 0,344
and 0,496, respectively. Thus, using consumer data from different clusters using game theory ap-
proaches, it is possible to predict the implementation of strategic development programs and select the
most optimal ones.

Conclusions

During the research, the issue of studying the relevance of using mathematical models for de-
veloping logistics strategies of the organization was resolved; systematization of mathematical meth-
ods for modeling the logistics strategy of the enterprise and approaches to their application; study of
the main approaches of the paradigms of digital and quantum marketing and their application for ana-
lyzing factors influencing a potential client, modeling behavioral scenarios of consumers and develop-
ing technological maps of the institution's employees; construction of mathematical models for devel-
oping a comprehensive logistics strategy of the hotel, based on the provisions of cluster and regression
analysis, paradigms of digital and quantum marketing and tools of game theory. The proposed mathe-
matical models can be used in the activities of hotel and restaurant business establishments for a deep-
er understanding of customer behavior, to attract new guests and extend the term of interaction with
existing customers by means of effective use of customer-oriented advertising and loyalty programs
developed for the personal needs and interests of the consumer.
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