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The object of this study is the process of analyzing the volume
of product sales in the retail market, where producers and con-
sumers with different levels of social responsibility operate.
Advancements are aimed at solving the problem of insufficient
consideration of the social responsibility of economic entities
in modern economic and mathematical models. In the work, the
improvement of the linear programming model, intended for the
evaluation of sales of alternative variants of goods with diffe-
rent social utility to consumers with different social responsibi-
lity, by taking into account some real conditions of making pur-
chases, was carried out. As a result of the study, a modification
of the model was proposed that makes it possible to take into
account the behavior of buyers who choose a product randomly.
Also, with the help of additional restrictions, the model takes into
account the fact that consumers with different social responsibi-
lity make purchases in parallel in time. In addition, the approach
to identifying a set of consumer groups in the aspect of social
responsibility using the method of questionnaires of the ranking
type and building a decision tree of consumers is described.

The proposed modification of the model was tested on the
example of evaluating the sales volumes of environmentally-
Jfriendly and non-environmentally-friendly varieties of goods in
the office paper market. It is shown that not taking into account
the added restrictions in the model could significantly affect the
estimates of sales volumes.

The proposed improvements to the model make it possible to
obtain more realistic estimates of the volume of sales of goods,
taking into account the social responsibility of consumers, as
well as quantitative and qualitative characteristics of competi-
tors’ offers. This contributes to better decision-making support
JSor manufacturing socially useful products, in particular, envi-
ronmentally-friendly ones
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1. Introduction

The spread of the ideas of sustainable development, Triple
Bottom Line principles, and the concept of corporate social
responsibility led to the fact that the decisions of many eco-
nomic entities began to be influenced by the requirements
for social responsibility, in particular environmental friendli-
ness [1]. Therefore, the factor of social responsibility should
be taken into account in modern mathematical models for
decisions and behavior of economic entities.

The social responsibility of the subject has two main
aspects [2, 3]:

a) social responsibility as social accountability, which cau-
ses sanctions for actions of the subject that are contrary to the
interests of society (normative aspect of social responsibility);

b) social responsibility as a personal property associated
with the subject’s awareness of his/her influence on society
and intentions to take this influence into account (internal
aspect of social responsibility).

Social responsibility as a property of an individual is
manifested in the preferences of this individual and affects
his/her choice among alternatives that differ in their social

usefulness, i.e., compliance with the interests of society.
The subject’s preferences can be formalized using a utility
function, a set of criteria for evaluating alternatives, or
a vector of priorities for a set of alternatives. The higher the
social responsibility of the subject, the greater the positive
influence on his/her choice exerted by the socially significant
characteristics of alternatives.

The task of identifying and formalizing the social re-
sponsibility of economic entities is important not so much in
itself but for the purposes of modeling the decisions of these
subjects. At the same time, the models must take into account
both the social responsibility of decision-makers (DMs)
and the social responsibility of their counterparties. The
consequences of socially responsible behavior of DMs often
depend on the social responsibility of counterparties. Re-
garding enterprises, this means that their ability to fulfill
the requirements of corporate social responsibility depends
to some extent on competitors and buyers [4]. Buyers can
support or not support the company’s social activities with
their consumer choice. They may or may not buy an envi-
ronmentally friendly product. And competitors can attract
consumers from <«responsible» or «irresponsible» segments.




At the same time, numerous studies, in particular [5—7], show
that consumers differ significantly in their social responsibili-
ty, which depends on many personal and external factors. The
behavior of producers and sellers also differs in terms of social
responsibility [8]. As a result, consumers with different levels
of social responsibility and goods with different social utility
appear in the market. These characteristics of buyers and
goods affect sales and therefore must be taken into account
in the process of market analysis. This requires a suitable
mathematical tool — models for estimating the volume of
sales of products with different social utility to buyers with
different social responsibility, taking into account the limited
supply of products in the market. The construction of such
models is an urgent task as it will provide support for deci-
sion-making regarding the production of socially beneficial
products, in particular environmentally-friendly ones, taking
into account the behavior of competitors and consumers in
the market in terms of social responsibility.

2. Literature review and problem statement

In accordance with their purpose, models for evaluating
the volume of sales of products with different social utility
to consumers with different social responsibility should take
into account the following factors:

1) preferences on the analyzed set of goods by consumers
with different social responsibility;

2) volumes of demand from consumers with different
social responsibilities;

3) volumes of supply in the market of product variants
with different social utility.

The first of these factors — preferences and social responsi-
bility of buyers and customers — is actively taken into account
in modern scientific research in normative decision-making
models. To take this factor into account, the models use a set of
criteria that describe not only the economic but also the social
and environmental consequences of the choice made. That is,
the buyer is considered as a socially responsible subject who
wants to take into account the interests of society, applying
social and environmental criteria to evaluate alternatives. Nor-
mative models of decision-making taking into account social
responsibility are used, for example, in works [9, 10]. In these
works, issues of evaluation of alternatives (specifically, mate-
rials and technologies of building renovation) from the point
of view of environmental friendliness are deeply investigated.
The models built, according to their purpose, formalize the be-
havior of the buyer who is ideal from the point of view of social
responsibility in the studied market. And although these ad-
vancements can be modified in such a way that they take into
account the real, and not the ideal, preferences of buyers, this
is not enough to solve the task of estimating product sales vol-
umes. Of the above necessary three groups of factors, normative
decision-making models partially take into account only the
first point. The reason for this is that these models are designed
to support the decision-making of buyers, not manufacturers.

In contrast to normative models of decision-making,
descriptive models of consumer choice are designed to reveal
the actual preferences of consumers and their further consid-
eration for the purposes of calculating demand volumes. Two
main groups of consumer choice models can be distinguished:

1) discrete choice models, which are based on the theory
of random utility and are designed to determine the choice of
buyers for multiple product options;

2) models of continuous choice, which are based on the
ordinal theory of utility and are designed to determine the
optimal vector for the buyer of the purchase volume of goods
from the consumer basket within the budget.

Discrete choice models, which are based on the theory of
random utility [11], make it possible to determine the proba-
bility of buyers choosing one or another product option from
a given set of alternative products, which are described by
a set of characteristics. Calculations are carried out by means
of regression analysis based on sample data on the preferences
or choices of buyers on a set of alternative product options.
Discrete choice models are widely used to analyze consumer
preferences for goods that differ in their social utility and en-
vironmental friendliness. Thus, study [12] demonstrated the
willingness of consumers to buy apples grown without the use
of chemical pesticides and agrivoltaics. Factors that deter-
mine consumers’ intentions to purchase eggs from free-range
chickens were investigated in [13]. In [14], the factors influ-
encing the demand for organic food products were studied.
In particular, it was found that the probability of buying
organic food products is influenced by economic, and not in-
fluenced by socio-demographic characteristics of consumers.
Paper [15] identified consumer segments in the market of fish
grown in natural reservoirs and taking into account other im-
portant aspects of sustainable production. All of these studies
revealed the factors that influence consumer intentions, but
the calculations of the demand for the studied products were
not carried out in these works since such a task was not set.

At the same time, discrete choice models make it possible
not only to analyze the factors of consumer choice but also
to assess the demand for alternative types of products. Esti-
mates of probabilities of consumer choice obtained by the
discrete choice model characterize the structure of demand
by types of goods. Thus, calculations of demand volumes
and analysis of their dynamics were carried out in work [16]
to forecast the demand for hybrid and electric cars. It is
important that this work takes into account the diversity
of consumer preferences. But no restrictions on the supply
of goods or the ability of consumers to purchase them were
taken into account. These questions cannot be investigated
by means of discrete choice models. They require the use of
other methods of analysis.

In part, the limitations on the ability of consumers to pur-
chase goods are taken into account in models of continuous
choice, which are based on the ordinalist theory of utility. In
such models, the demand function is built by solving the prob-
lem of consumer choice, which consists in maximizing the uti-
lity function of the consumer basket, the arguments of which
are the quantity of interchangeable goods, taking into account
budget restrictions on purchases. The problem is solved
analytically using the method of Lagrange multipliers based
on the Karush-Kuhn-Tucker theorem (for example, in [17]).
The influence of social responsibility on the consumer choice
of buyers is implicitly taken into account in those cases when
the problem of consumer choice considers goods that differ in
their social usefulness and environmental friendliness. This
approach is used, for example, in work [18] to analyze visits
to national parks in Japan. The paper analyzes the quantity
of park visitors for different values of the visit fee. In the pro-
posed model, unlike normative models, the utility function
is built on the basis of statistical data and reflects the real
preferences of individuals (depending on their individual
characteristics, such as, for example, gender and age). But re-
strictions on consumer choice are imposed only by the budget.



Limitations on the volume of product (service) supply are not
taken into account. Other types of models are needed to take
into account the competition of consumers for the desired
goods under the conditions of a limited supply of products.

Thus, the described descriptive models can be applied to
obtain estimates of demand for products taking into account
the social responsibility of buyers. But they do not take into
account the presence of restrictions on the volume of supply
of various types of goods and the competition of consumers
with different social responsibilities for the goods they like.

Descriptive models of consumer choice should be sup-
plemented with other models to determine the volume of
product sales taking into account restrictions on the supply of
goods (and other factors). As a result of the literature review,
examples of the use of consumer choice models together with
optimization planning models were found. Work [19] presents
a system of models that combines an improved model of con-
sumer choice (generalized product attractiveness model) and
an optimization model of linear programming designed to cal-
culate optimal sales volumes. The variables of the model are
the volumes of sales of products (services) in terms of types of
products and market segments. The objective function is sales
revenue. Consumer preferences, demand volumes, and pro-
duct supply are taken into account in the model constraints.
The proposed system of models is intended for use in the field
of revenue management. In [20], a similar system of models
is proposed to optimize the sales of a multi-channel retailer
that sells a number of interchangeable products from which
customers choose no more than one option. The variables
of the linear programming model are the volume of product
sales through different channels. The objective function is
the maximum profit from sales. Consumer preferences are
also factored into the model’s constraints. Works [19, 20] are
an example of combining the model of consumer choice with
the optimization model of linear programming. But in these
works, the activity of an individual company is considered,
and the models are designed to calculate the optimal sales
structure of the company. There were no examples of similar
works designed for market analysis taking into account the
social usefulness of competitors” goods.

Study [21] proposed an approach based on the construc-
tion of a linear programming problem in which the total uti-
lity function of consumers’ choices in the market is maximized
to solve the task of evaluating the structure of sales volumes
in the market, taking into account the aspect of social re-
sponsibility. At the same time, limitations on the volume of
demand from different groups of consumers and limitations
on the volume of supply of alternative product options are
taken into account. Solving this problem makes it possible to
determine the option of distributing the volume of goods bet-
ween buyers, which is optimal according to the criterion of
maximum total utility for the totality of buyers in the market
under conditions of limited supply. But the disadvantage of
this approach is that it describes reality in a very simplified
way and does not take into account the actual conditions of
making purchases, as a result of which the sales structure ob-
tained as a result of calculations turns out to be too ideal for
the real world. In particular, the approach does not take into
account the fact that the sales process takes place over time,
and a specific unit of the product is bought by the one who
previously chose it, and not by the one who needs it more.

Therefore, according to the results of the literature re-
view, it was found that the approach proposed in [21] is the
most suitable among others for solving the task of modeling

sales in the market, taking into account the aspect of social
responsibility. But in order for this approach to be applied in
practice, it needs to be improved by taking into account the
real conditions for making purchases.

3. The aim and objectives of the study

The purpose of this study is to improve the linear pro-
gramming model, designed for evaluating sales of product
variants with different social utility to consumers with dif-
ferent social responsibility, by taking into account the real
conditions for making purchases. This will make it possible
to obtain more realistic estimates of future sales of socially
beneficial products.

To achieve the goal, the following tasks were set:

— in the considered linear programming model, formalize
the set of consumer groups with different preferences for the
set of analyzed goods;

— formalize in the model certain aspects of shopping by
consumers with different social responsibility (in particular,
devise a way to take into account in the model a realistic se-
quence of purchases over time, as well as the behavior of buyers
who equally evaluate the usefulness of several product options);

— test the improved model on the example of the office
paper market.

4. The study materials and methods

The object of the study is the process of analyzing the vo-
lume of product sales in the retail market, where producers and
consumers with different levels of social responsibility operate.

The initial hypothesis of the study assumes that consu-
mers in the market act in an optimal way, maximizing the
total market utility of purchases, so for the purposes of deter-
mining the structure of sales in the market, a linear program-
ming model could be applied.

The following assumptions were adopted regarding con-
sumer behavior:

—consumers in the market act optimally so that their
choices maximize the overall utility of purchases in the market;

— the choice made by the consumer on a set of goods can
be unambiguously described by the vector of the ranking of
the goods in the order of their preference for the consumer;

— buyers who equally evaluate the usefulness of several
product options choose one of the equivalent options ran-
domly, with the same probability for each option.

As noted above, this work builds on the approach pro-
posed in [21]. This approach is as follows.

Let a certain product market includes:

1. A set of interchangeable product options that differ in
their social usefulness, for example, environmental friend-
liness: A={a,|i=1,n}, where g; is a vector of characteristics
of product option i. Denote the supply volume of product
variant 7 in the market as v;.

2. A set of consumer groups united by their preferences re-
garding the characteristics of product options. The preferences
of each consumer on a set of product options are described by
avector of priorities (a vector of utility): () _ = (u;,1y,...,1, ).
Consumers who have the same vector of utility values of
goods are united in one group. The vector that describes the
utility of goods from the point of view of consumers united
in group j will be denoted as (v/)_— = (u/,uj,...u)), j=1,m.

i=Ln



Denote the volume of demand for the analyzed product by
consumers of group j as d;. It is believed that the utility vec-
tor (u/ ).i,, implicitly characterizes the social responsibility
of consumers of group j. The higher the social responsibility
of consumers, the higher the value of priority for socially
beneficial goods.

Then the distribution of volumes of product options bet-
ween buyers, which is optimal according to the criterion of
the maximum total utility of purchases in the market, can be
determined using a linear programming model:

3 > u/-x! - max,
T

296{ <v,i=1n,
j
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where «/ is the volume of sales of the i-th variety of products
to buyers of the j-th group; #/ — ordinalistic evaluation of the
utility of the i-th variety of goods from the point of view of
buyers of the j-th group; v; — volume of supply of the i-th va-
riety of products; d; is the volume of demand for the analyzed
type of products from buyers of the jth group.

To verify the modification of the linear programming
model (1) proposed in this study, calculations were per-
formed using an example of the office paper market. Infor-
mation on consumer preferences was collected through
a ranking-type pilot survey. The applied ranking method
corresponds to the above assumption that the consumer’s
choice of a set of products in the model could be described by
a vector of product ranks. Information on types of products
in the office paper market was obtained based on the analysis
of relevant products at the «Rozetka» marketplace.

The proposed linear programming problem was solved
using Python tools, for which a script was written using the
linprog function from the SciPy library.

3. Results of investigating the improvement of the linear
programming model intended for the estimation
of sales volumes

5. 1. Formalization in the model of the set of consumer
groups with different preferences for the set of analy-
zed goods

This advancement is based on the assumption that the
choice made by the consumer on a set of goods can be unique-

ly described by the vector of product ranks (71,79, ..., 72,),
where 7€ {1,2, .., n} is the rank that the consumer assigns
to the product i on the set of analyzed products. The rank
vector actually specifies the procedure for choosing a product
by the consumer: among the set of alternative products, the
consumer chooses the product with rank 1; in the absence of
a product with rank 1, chooses a product with rank 2, etc.
The vector of ranks of goods for each consumer can be de-
termined by means of a questionnaire of the type of ranking,
Consumers who have the same rank vector on a given set of
goods are combined into one group. -

The vectors of utility values of goods (/,u],....ul), j=1,m,
which characterize group j in model (1) can be calcula-
ted on the basis of the corresponding vectors of the ranks
of goods according to the formula:

wl=f(r)/ DS (r)
i=1
where f is a strictly decreasing function. For example:

u{:(n+1—rij)/z”:1;j.

i=1

Under the adopted assumptions, the total set of consum-
er groups can be determined by sorting through all possible
variants of the product rank vector. But there are too many
groups selected in this way, and far from all of them exist in
reality. For example, for a problem with 4 alternative goods,
there are only 4!=24 variants of the vector of ranks without
repeated ranks (Table 1) and a set of variants of the vector of
ranks with repeated ranks.

To reduce the number of consumer groups under consid-
eration, it is recommended to limit to those groups in which
the rank vectors correspond to the rules of consumer logic.

3. 2. Formalization in the model of certain aspects of
shopping by consumers with different social responsibilities

5.2. 1. Formalization in the model of the behavior of
buyers who equally evaluate the usefulness of several pro-
duct options

This advancement is based on the assumption that buyers
who equally evaluate the usefulness of several product op-
tions choose one of the equivalent product options randomly,
with the same probability for each option.

Since in the linear programming problem (1) consumer
choice is not determined by means of probability theory
but by means of utility theory, I propose to describe random
consumer choice by the same means. To formalize random
selection, I suggest using fictitious groups of buyers.

Table 1
Variants of the rank vector and corresponding groups of consumers for the case of four types of goods,
excluding rank vectors with repeated ranks
Group of consumers
Product rank

8t | 82|83 |84|85|86|87|88[8 |80 |81t |812|83 814|815 816|817 | 818|819 | 80 | 821 | 822 | 823 | 824

ryj 12031412341t |1 |1 [24|3|4|4|2]|3|4]|3]3]|2]2
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For example, if buyers from group & with a quantity of d
equally evaluate g product variants ay, ay, ..., ag then it can
be assumed that as a result of random selection, buyers in the
quantity of d/g will buy product variant a4, the same quantity
of other buyers will buy product a, and etc. More precisely,
the quantity of buyers of each product will approach the value
of d/g as the quantity of the group increases. Therefore, to
simulate a random choice, it is advisable to divide the con-
sumer group £ into g fictitious groups, in each of which one
of the product options is preferred. But this is not enough. In
the considered model, for each consumer group, not only the
preferred product is specified but a full vector of ranks, which
specifies the procedure for choosing a product by the consumer
in the absence of some products. If there is no product with
rank 1, consumers will buy the product with rank 2; if this
is not there, then they will buy a product with rank 3, etc.
Therefore, an additional assumption was introduced: each
buyer from the consumer group k, which corresponds to
a vector of ranks with the same evaluations of products
ai, as, ..., ag, chooses one in the process of purchase of g items
at random. At the same time, s/he demonstrates behavior that
is described by one of the possible options for strict ranking
of these goods. There is a total of g! such options. Based on
this, to simulate random selection, it is advisable to divide the
members of the group & into gl subgroups, the number of each
of which approaches d/g! where d is the quantity of group .
For example, among consumers from a group characterized by
the rank vector (1 2 3.5 3.5), half of the consumers will demon-
strate behavior corresponding to the vector (1 2 3 4), and the
other half will behave according to the vector (1 2 4 3). That is,
in the absence of the first two products, half of the consumers
from this group will choose product No. 3, and half will choose
product No. 4. Therefore, to simulate a random choice, it is
necessary that model (1), instead of a group of consumers with
a rank vector (1 2 3.5 3.5), should include 2 groups — with the
rank vector (1 2 3 4) and the rank vector (1 2 4 3).

5. 2. 2. Taking into account the sequence of purchases
over time in the model

In order to take into account in the model a realistic
sequence of sales over time, the assumption is accepted that
purchases are made with a constant intensity during the en-
tire time period T, which is considered, and consumers from
different groups make purchases in parallel in time. It is also
assumed that consumers from different groups receive goods
from the same sources, and therefore, if a product runs out, it
will run out simultaneously for all groups of buyers.

The following follows from this assumption. If the total
volume V of the supply of the product is less than the total
volume D of demand for it and is equal to oD, then the sup-
ply of this product will be exhausted in the period o.-T. Then
the demand from each group of buyers will be satisfied by this
product at level o

l:1 =a7 j=17m, (2)
d;
where
va
%: S ifV<D,
R Y
=1
1,ifV=D

This assumption implies restrictions not only on the total
volume of purchases but also on the volume of purchases of
each product.

If the volume of supply of the product i variant is less
than the demand from consumer groups jeJ; that prefer this
particular variant (i.e., v, =]31~2dj, where Bie (0; 1)), then

jel;
the demand from each specified group of buyers je /J; will be
satisfied by these goods for a share of B;:

xl=B,-d, je ], i=1n, 3
where
S if o,<Yd,
zdj jeli
B, =1 Jel;
1, if viZZdj.
jeti

Equalities (3) set values for m variables that characterize
the volume of purchases by each group of consumers of their
preferred product.

To take into account the real conditions of purchase of
goods, constraints in the form of equalities (2) and (3) should
be added to model (1).

5. 3. Testing the improved model using an example of
the office paper market

Model (1) with constraints (2) and (3) was tested on the
example of modeling the structure of sales in the office paper
market taking into account the environmental responsibility
of consumers.

In the office paper market, there are two interchangeable
versions of the product — «ordinary paper» and <«environ-
mentally-friendly paper». These product options differ in
price and environmental friendliness. According to the price
criterion, the usual version of the product is better for buyers.
According to the criterion of sustainable development, the
environmentally-friendly option is the best. According to
the quality criterion, there are no significant differences
between the options if they belong to the same class of
paper (class A, B, or C). An analysis of the B-class office
paper offer on the Rozetka marketplace revealed that 60 %
of the office paper brands have an FSC or PEFC certificate,
as well as the Ecolabel marking, that is, they can be catego-
rized as eco-goods.

To test the model, a case was considered when the new
company A plans to enter the equilibrium market of office
paper, in which the volume of supply equals the volume of
demand. Company A plans to offer eco-paper and ordinary
paper in the market, each product in the amount of 10 % of
the total supply of goods by other companies.

Thus, the analyzed market includes the following product
variants: product 1 — eco-paper from company A; product
2 — eco-paper from other enterprises; product 3 — ordinary
paper from enterprise A; product 4 — ordinary paper from
other enterprises.

If all volumes of goods are evaluated as a percentage of
the volume of demand, then, based on the initial data and
taking into account the results of the «Rozetka» analysis,
I have the following volumes of supply of goods in the mar-
ket: ©v1=10.0; v2=60.0; v3=10.0; v4,=40.0.

The task was to build a model that would make it pos-
sible to estimate the volume of products that consumers



would buy from the analyzed company A, considering the
given market characteristics and buyer preferences close to
actual ones.

To determine the volumes of demand from different
groups of consumers, a set of such groups was first identified.
This was done by analyzing the decision-making procedure
of consumers of the analyzed goods. The decision tree, which
describes the consumer choice according to the rules of logic
on the set of the analyzed four goods, is shown in Fig. 1. Each
path along the branches of this tree describes the logic of the
consumer choice of one group of paper consumers. For exam-
ple, representatives of group 1 choose paper, first of all, on the
grounds of environmental friendliness, and among the envi-
ronmentally-friendly options of the product, they prefer the
paper from company A. That is, group 1 unites responsible
consumers loyal to enterprise A. Group 2 unites responsible
consumers loyal to enterprise B. Group 3 unites consumers
who prefer cheap paper and are also loyal to enterprise A.
Group 4 unites consumers who prefer cheap paper and are
also loyal to enterprise B, and so on.

The given decision tree makes it possible to form groups
of consumers based on three characteristics:

1) environmental responsibility.

According to this feature, buyers are divided into the
following segments:

— environmentally responsible buyers (they prefer envi-
ronmentally-friendly paper);

— thrifty buyers (prefer cheap paper);

— indifferent buyers (do not prefer environmentally-
friendly or economic modification of the product);

2) loyalty to the manufacturer.

According to this feature, buyers are divided into the
following segments:

— buyers loyal to company A (let’s clarify that in the
example under consideration, company A is a newcomer to
the analyzed paper market and therefore does not yet have
loyal customers);

— buyers loyal to other enterprises (they prefer the pro-
ducts of some other enterprises);

— non-loyal customers (do not prefer any company).

3) signs of a more significant characteristic of the product.

According to this feature, buyers are divided into two
segments:

— buyers who choose a product, first of all, by its manu-
facturer;

— buyers who choose a product, first of all, based on its
characteristics of «environmental friendliness and cheapness».

The set of consumer groups, built on the basis of the
decision tree, contains groups gi—gs, listed in Table 1.
At the same time in Table 1, there are variants of the vector
of ranks gg—go4, which do not correspond to the logic of the
given decision tree. For example, an individual puts the
eco-paper from one company in the first place, and the cheap
paper from another company in the second place. I believe
that such variants of the rank vector describe only a random
selection of the product.

Which product characteristic is more important to you:
The manufacturer of the product or the level of environmental

friendliness?
Level of environmental Manufacturer of the No
friendliness product difference
v
What you choose: 25
What you choose: ’ 2.5
. product of company A
Eco-friendly product h d ¢ 2.5
T or the product of one 25
’ from other businesses? ’
Eco Cheap A Other
What will you What will you hich product will hich product wil
choose: goods of choose: goods of you choose: you choose:
enterprise A enterprise A environmentally environmentally
or another or another friendly friendly
company? company? or cheap? or cheap?
8 3 3 3
(= = - =1 j=% I=1 o =}
o ) ) o © o < o O Q < o 0
= = = Q
LIS =g | T8 Fe |25 PE =] 8| |FE
3 ) 3 3
1 2 1.5 3 4 3.5 1 2 1.5 3 4 35
2 1 1.5 4 3 35 3 4 35 1 2 1.5
3 4 3.5 1 2 1.5 2 1 1.5 4 3 3.5
4 3 3.5 2 1 1.5 4 3 3.5 2 1 1.5

Fig. 1. A decision tree that describes the logic of consumer choice
for multiple options of office paper, as well as corresponding groups of consumers with the same preferences



After identifying a number of consumer groups, their
quantity was determined. In the example under consideration,
the quantity of consumer groups was determined by survey-
ing a «convenient» sample of paper consumers from among
the students of KhNEU named after S. Kuznets (45 people).
Respondents were asked questions about the presence of
their favorite brands of paper and then, depending on their
answer, they were asked to rank the paper options. The data
obtained as a result of the questionnaire are given in Table 2.
The groups marked «*» in Fig. 1 were not considered during
the survey since company A does not have loyal consumers
according to the conditions of the task.

Based on the given input data, the initial (unmodified)
linear programming model designed to evaluate the structure
of sales of the analyzed goods with different social utility
takes the following form:

3> ul-x! - max,

i

Zx{ <10.0, Zx;' <60.0,
Zx;swo Zx;s4oo,
29( <6.5, Zx <0,
Zx? <838, Zx“ <4.3,
Zx <43.5, Zx <13.0,

Zx <22, Zx <217,

XZ

(4)

j=18.

=NV
~lo

But it is necessary to take into account that the set of groups
of consumers created on the basis of the decision tree contains
groups of consumers whose preferences are described by vectors
with repeating ranks. Equal rank values in the product rank

the same probability for each option. To take into account this
assumption, it was suggested to use fictitious groups of buyers:
the consumer group with «indifferent> consumers should be
divided into several fictitious groups, each of which will corre-
spond to its own version of the rank vector. Let’s consider this
approach using the example of group bs, which corresponds
to the product rank vector (2.5 2.5 2.5 2.5). Members of this
group don’t care which version of the product to buy. There-
fore, to simulate a random consumer choice, it is necessary to
distribute the members of this group among the 24 groups from
Table 1, each of which corresponds to one of the variants of the
rank vector. Since I believe that all options are equally likely,
the quantity of each group gi—gs will increase by 1/24 of the
quantity of group bg. Similarly, the members of groups bs, bg, b7
must also be distributed among several groups from the set of
groups g1 —gu. Thus, to «<simulate» a random choice, consumers
who equally evaluated several product options were distri-
buted among several relevant consumer groups from Table 1.
As a result, 24 groups of consumers were obtained, taking into
account fictitious groups. The demand volumes of each group of
consumers are shown in the first row from Table 3.

The modified model of linear programming taking into ac-
count fictitious groups of consumers takes the form (5) to (9).
The values of the coefficients u/, d;, Bi-d; are given in Table 3.
Utility vectors were calculated on the basis of rank vectors

according to the formula u —(1/r’)/2(1/r’) Based on

this formula, the rank vector r=(1 2 3 4) corresponds to the
utility vector u=(0.48 0.24 0.16 0.12):

ZZM{ -x! — max, ®)
T

2x{<100 2x5<600 Zx;qoo 2x’<400 ()

Zv

fo—ocd,] 1,24, where o= =— =1, ©)

vector appear when consumers treat several or all product va- =B,-d,,je ], where B, = Li=14, 8)
riants equally. The assumption was adopted above that buyers Z dj
who equally evaluate the usefulness of several product options ; 7<)
choose one of the equivalent product options randomly, with [ %/ 20. (€
Table 2
Structure of the division of respondents into consumer groups revealed by questionnaires
Group | Rank vector Description Percentage of respondents
b (2143) Consumers of this group choose paper, first of all, on the grounds of environmental 65
! friendliness; in addition, they show loyalty to one of the paper manufacturers ’
b (4321) Consumers of this group choose paper, first of all, on the basis of cheapness; 0
2 in addition, they show loyalty to one of the paper manufacturers
Consumers of this group choose, first of all, paper of a specific manufacturer;
by (3142) : : \ . 8.8
among paper options from your favorite manufacturer, choose an ecological option
Consumers of this group choose, first of all, paper of a specific manufacturer; choose
by (4231) . . . 43
a cheap option among paper options from your favorite manufacturer
b | (15153535) Consumers of‘thls group choose paper based on environmental friendliness; the 435
manufacturer is not important for them
b | (35351515 Consumers of this group choose cheap paper; the manufacturer is not important 13.0
for them
b | (35153515 ansumers of th}s group ch00§e paper of a specific manufacturer; «environmental- 29
price» characteristics are not important for them
bs | (25252525 Consumers of this group choqsel paper randomly, without paying attention to price 917
and environmental characteristics




Table 3

The value of coefficients in the linear programming problem (5) to (9)

Cs |j=t| 2|3 |4|5|6 7|89 |10]11|12(13]|14|15| 1 [17[18[19]20 |21 |22 23|24
di  |11.8]183] 4.2 [ 420909 (10.3] 58 [11.8/ 09|09 |09 [11.8/ 15|09 (09|42 (09 /09|09 |42 |15|09]09
Bidyjei| 43| - | = | = 03] = | = | - |43]03]03|03| - | - | - | - -l --1-1-1-]-
Bodyjes| - (183 — | = | = | = [102] — | = | = | = | - [118]15]09]09| - | - | - | - |- | -] -] -
Bydijes| - | — [35| = | o8| | - | | - | -|-|-|-1]-1]-[35/08]08]08] - |-]-]-
BedjeJi| - | - | - 42| - | - | = [58| - | - | -|-|-|-1]-1]- ~ =] - 1]42[15[09]09
w  [0.48]0.24/0.16]0.12]0.48(0.24(0.16 |0.12|0.48] 0.48 0.48| 0.48) 0.24[0.12{ 0.16 0.12| 0.120.24[0.16{ 0.12|0.16 [ 0.16| 0.24 | 0.24
wj |0.24[0.48[0.12[0.16]0.16(0.12]0.480.24|0.24{0.12|0.16]0.12|0.48( 0.48] 0.48 | 0.48 |0.16 | 0.160.24| 0.24| 0.12{ 0.24 0.12|0.16
u |0.16[0.12[0.48]0.24]0.24{0.48]0.120.16|0.12(0.24|0.12|0.16|0.16{0.16| 0.24|0.24 | 0.48 | 0.48 | 0.48 | 0.48 | 0.24| 0.12| 0.16 |0.12
w |0.12[0.16[0.24]0.48]0.12{0.16]0.24|0.48|0.16{0.160.24|0.24]0.12{ 0.24]0.12|0.160.24{0.12|0.12{ 0.16| 0.48| 0.48 | 0.48 | 0.48

Problem (5) to (9) has 96 variables and 48 constraints in
the form of equations. Problem (5) to (9) was solved by the
simplex method implemented by Python tools. The solution
to the problem with fictitious groups is given in Table 4.

In Table 4, it can be seen that the volumes of purchases of
goods with rank 1 (the ranks of goods for different consumer
groups are given in Table 1) are determined from equalities (8).
At the same time, since v, < Zdj and v, < Zdj, goods of

jely Jels

company A are completely sold out to those consumer groups
that put these goods on the 1st place (this also follows from
formula (8)). And as a result of this, the sales of all goods
of enterprise A with ranks below 1 are equal to 0. And the
sales volumes of all goods of other enterprises with rank 2
are equal to the difference between the demand from the
corresponding group and the sales volumes of this group of
goods with rank 1. Only in four groups (bs, bg, b1o, b1g) goods
with rank 3 were consumed, as there were not enough goods
with higher ranks (as a result of the fact that in these groups
the goods of company A, which were bought up by other
consumer groups, have rank 2). Sales of products with a rank
of 4 are equal to 0.

After the reverse transition from fictitious consumer
groups to real ones, a solution to the initial problem with
4 producers and 13 consumer groups was obtained (Fig. 2).
The vector of total sales of four types of paper is equal
to (10.0 59.0 10.0 20.5).

In order to analyze the sensitivity of the solution, the op-
timal (from the point of view of optimizing the overall utility
of purchases) variants of the sales structure for other values
of the coefficients of the utility function were also calculated.
3 variants of the utility vector with coefficients close to those
analyzed were used: (0.5 0.25 0.15 0.1). (0.5 0.3 0.15 0.05).

(0.51 0.3 0.15 0.04). In all three problems, the optimal sales
structure coincided with the solution shown in Fig. 2. Thus,
problem (5) to (9) has a unique solution (otherwise a change
in the coefficients of the objective function would lead to
a change in this solution), which can be considered as an
estimate of the optimal structure of sales distribution in the
analyzed market. It can be seen that in the modeled ideal op-
tion (from the point of view of optimizing the overall utility
of purchases), the new enterprise sells out all its goods. This
happens, firstly, at the expense of environmentally responsi-
ble consumers from group bs, and secondly, at the expense
of «indifferent> consumers from group bs, who choose the
product randomly.

A similar problem was also considered for another va-
riant of the quantity of consumer groups. An example with
a larger number of environmentally responsible consumers
was taken: for example, group bg is empty, and the quantity
of group b5 is 56.5 %. In this case, according to the results
of calculations, the vector of total sales of four types of pa-
per is equal to (10.0 60.0 7.3 22.7). That is, for the second
variant of the quantity of consumer groups, the sales plan
for product 3 will be fulfilled by only 73 %. For comparison,
the same problem of linear programming (with the second
variant of the quantity of consumer groups) was considered
without taking into account equalities (7), (8). It turned
out that the specified problem has many solutions, among
which there is a solution that corresponds to the vector of
total sales (10.0 60.0 10.0 20.0), which predicts the imple-
mentation of the sales plan for product 3. In a certain sense,
it can be said that in the given example, disregarding equali-
ties (7), (8), which describe the actual conditions of making
purchases, leads to an overestimation of the implementation
of the sales plan of goods 3.

Solutions to the given problem of linear programming with fictitious groups fapled
Sales
volume | 81| 82 | 83 | 84 | 8 | 8 | & | 8 | 8 |80 | 811 | 812 | 813 | 814 | 815 | 816 | 817 | 818 | 819 | 820 | 821 | 822 | 823 | 8
x  |4.3/0.0]00]00]|03[00| 00 [00[43[03]03[03| 00 [0.0[0.0]0.0]0.0]0.0({0.0/0.0]{0.0]0.0]0.0]0.0
Xoj  |7.4|183]0.0(0.0(06]0.0 103 |00|74(00(00]00| 11.8|15/09[09]0.0|0.1(0.1{0.1]0.0|0.0[0.0]0.0
x3 [0.0{00(35]00(00[08| 00 [00]00/0.0{00[00]| 00 [00]{0.0]0.0(35]08]08|08]0.0]{0.0]0.0]0.0
x4 0.0/ 0007 (42(00]01] 0.0 [58(0.0(06|06]|06]| 00 |[0.0[0.0[00]07]0.0]0.0[{0.0(42|15]09]0.9




Sales volume of goods based on consumer groups

| [ b1 b2 b3 |bslb5[b6|b7 b8

product 1 00 00 00O 00 80 00 00 20 10.0
product2 65 00 88 00 355 00 11 76 5915
product3 00 00 00 00 00 55 00 45 10.0

product4 00 00 00 43 00 75 11 76 205

Fig. 2. Results of calculations: distribution of volumes
of goods among buyers, which is optimal according
to the criterion of maximum total utility for the totality
of buyers in the market

In general, the calculations based on the model built
make it possible to assess the prospects for the sale of goods
for various variants of the structure of consumers in the as-
pect of social responsibility.

6. Discussion of results based on improving the analyzed
model of linear programming

This study has demonstrated the possibility of building
a model designed to evaluate the sale of alternative goods
with different social utility to consumers with different social
responsibility, by means of linear programming, taking into
account certain purchasing conditions.

In the work, an approach to the formalization of con-
sumer groups used in the linear programming model was
devised, based on the results of consumers’ ranking of the
analyzed product varieties. This approach is an alternative
to both the application of point evaluations of goods and the
construction of utility functions of goods for each consumer.
The proposed approach is simpler and makes it possible to
identify more overlaps in consumer preferences, which faci-
litates the process of forming groups of consumers with close
preferences. To reduce the total number of consumer groups
under consideration, it is recommended to be limited to those
groups in which the rank vectors of goods correspond to the
rules of consumer logic. Such groups can be distinguished
by building a decision tree that describes consumer choice
according to the rules of logic for a set of analyzed goods. The
decision tree, which describes the logic of consumer choice
on multiple options of office paper, is shown in Fig. 1.

A feature of the improvement of the linear programming
model proposed in this work is taking into account the fact
that there are consumers in the market who choose a product
randomly and at the same time make purchases at the same
time as others, not giving up products to those buyers for whom
these products are preferred. In order to take into account the
random choice of such consumers, their groups are divided
into subgroups, each of which implements one of the possible
options for consumer behavior in choosing products. Each
variant of consumer behavior is described by one of the product
rank vectors. The total set of such vectors for the problem with
four types of goods is given in Table 1. In this work, all variants
of random behavior of consumers are considered to be equally
likely but the proposed approach using fictitious subgroups
makes it possible to take into account other types of distribu-
tion of probabilities for multiple variants of consumer behavior.

In addition, the model, with the help of additional
constraints in the form of equations (2) and (3), takes into

account the fact that consumers from different groups make
purchases in parallel in time and each product expires simul-
taneously for all groups of consumers. These restrictions re-
duce the optimal value of the objective function of the model
in comparison with [21] but reflect the actual conditions of
making purchases in the market.

In the process of testing the improved model of linear
programming on the example of the office paper market,
the structure of consumer groups was determined based
on environmental responsibility and loyalty to producers.
According to the results of the pilot survey, the group of
consumers who intend to choose environmentally-friendly
office paper without paying attention to its manufacturer
became the first in terms of quantity (Table 2). The second
largest was the group of consumers who equally evaluate all
the offered options of office paper. That is, the conducted
survey confirmed the importance of taking into account in
the model the presence of consumers who choose a product
randomly. The results of modeling the structure of sales on
the office paper market in the problem under consideration
are shown in Fig. 2. According to the simulation results,
a comparison of the model solution with additional constraints
(2) and (3) was performed with the model solution without
these constraints (for one of the hypothetical examples of the
quantity of consumer groups). In the considered example, the
differences between the specified solutions turned out to be
significant: the sales volumes of one of the products differed
in these two models by 27 %. This confirms the importance
of considering constraints (2) and (3) in the analyzed model.

Therefore, the advantage of the implemented improve-
ments of the model is that they make it possible to obtain
more realistic estimates of sales volumes of product variants
to consumers with different social responsibility in com-
parison with the approach outlined in [21]. Owing to the
improvements made, the model can be applied to solve prac-
tical problems of evaluating sales in the market for different
options for the supply of goods with different social utility
and different social responsibility of consumers.

The advantage of the linear programming toolkit used in
the research compared to the models of discrete choice [12—16]
and continuous choice [18] is that it makes taking into ac-
count significantly more factors in the models. In particular,
it makes it possible to take into account the volume of supply
of goods, the volume of demand of consumer groups, as well
as the above-mentioned conditions of sale of goods.

In contrast to works [19, 20], the proposed model of li-
near programming determines the structure of product sales in
the market, which is optimal according to the criterion of the
maximum total utility of purchases for the totality of buyers.

The advantage of linear programming tools in compari-
son with multi-agent modeling is the simplicity of practical
implementation of the developed models.

Based on the above advantages, the proposed improved
model of linear programming may prove useful as a means of
substantiating practical decisions regarding the production
and sales of socially beneficial goods.

The advancements outlined in the paper partially resolve
the specified problem, which concerns a simplified descrip-
tion of reality in linear programming models. The proposed
improvements make it possible to take into account in the
models the separate conditions for making purchases in the
market described above. But the real sequence of purchases
in time cannot be fully taken into account by means of linear
programming.



The application of the proposed model is limited to the in-
troduced assumptions. In particular, it is assumed that buyers
who equally evaluate the utility of several product options
choose one of the equivalent product options at random, with
the same probability for each option. That is, the probability
of choosing a product in the proposed model does not depend
on the volume of its offer. This formalization of choice is suit-
able, for example, for describing online purchases.

Another important limitation is that the model is suitable
for analyzing only a small number of products. Increasing the
number of products in the model leads to a sharp increase in
the quantity of consumer groups with different preferences,
which will complicate data collection. Therefore, the model is
not suitable for the analysis of the sales structure of different
brands of goods, but rather for the analysis of generalizing
groups of these brands, such as «environmentally-friendly»
and «non-environmentally-friendly» products.

The disadvantage of the advancements is that the pro-
posed additional inequalities, designed to take into account
the real sequence of purchases in time, take into account the
volume of demand for each product only by those consumers
for whom it is preferred. This is a simplification of reality.

The disadvantage of using product rank vectors to de-
scribe consumer preferences is that, in the event of a change
in the set of analyzed products, a new questionnaire must be
introduced to identify new rank vectors.

It is advisable to conduct further research in the area of
developing a specialized application designed to automate
the proposed approach with a convenient user interface.

Secondly, the model takes into account a realistic se-
quence of purchases in time, according to which a specific
unit of the product is bought by the buyer who previously
chose it, and not by the one who values it higher. This is
done with the help of additional constraints in the form of
equations that describe the fact that each product will run
out simultaneously for all groups of consumers.

3. The improved model was tested on the example of
simulation of sales in the office paper market, which includes
two general types of goods — environmentally-friendly pa-
per and paper that does not meet modern environmental
requirements. Information about the preferences of office
paper consumers for the built model was collected through
a pilot questionnaire. According to the results of the survey,
it turned out that the majority of respondents (43.5 %) pre-
fer environmentally-friendly paper, equally evaluating paper
from different manufacturers. And 21.7 % of respondents
equally evaluate all the proposed paper options. This con-
firmed the importance of taking into account in the model
the presence of consumers who choose a product random-
ly. In addition, for one of the hypothetical variants of the
number of consumer groups, a comparison was made of the
solution of the proposed model, which contains additional
restrictions, with the solution of the primary model, which
does not contain these restrictions. The difference between
the compared solutions turned out to be significant: the cal-
culated sales volumes of one of the products differed in the
specified models by 27 %. This confirmed the importance of
introducing the proposed constraints into the model.

7. Conclusions
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