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Implementation Of The Nash Model In The
Interaction Of Enterprises
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Abstract: Establishing effective interaction between the manufacturer and the retailer as participants of supply chain implies the construction of an
effective mechanism for the implementation of the main strategies of their business behavior, in particular price strategies, as well as strategies for
generating costs for joint promotion of the product. This provides the manufacturer and the retailer with the ability to make independent management
decisions regarding the selection of the most appropriate business game scenarios that maximize their profits in the short and long term, and is therefore
a topical question in the practice of operating distribution networks. The purpose of the study is to determine the optimal values of the parameters of the
advertising cost response function, under which the maximization of manufacturer and the retailer profits can be achieved in the process of their
independent decision-making on determining pricing strategies, as well as strategies for generating joint costs for product promotion. The paper presents
a numerical experiment on the possible values of the parameters of the advertising cost response function, calculated on the basis of effectively selected
range and step change. Nash game solution is mathematically substantiated and defined as a variant of interaction between participants of the supply
chain, in which neither of them can maximize their own profit without affecting the profit of the other. A numerical experiment was carried out on the
possibilities of maximizing the profit functions of the manufacturer, the retailer and the channel from the standpoint of pricing strategies, as well as joint
costs strategies of both channel members for product advertising. The results obtained can be the initial information base for providing recommendations
on the possibilities of using non-cooperative game in comparison with other types of game-theoretic models of enterprises’ interactions in supply chains,

in particular in the study of activities of enterprises — participants of oligopoly (duopoly).

Index Terms: advertising cost response function, business strategy, consumer demand function, joint advertising costs, Nash equilibrium, profit, retail

price, transfer price.

1 INTRODUCTION

IN the process of comprehensive research of the effectiveness
of conducting any type of business activity, which includes the
promotion of the product to end consumers, the features
determining of the institutional entities functioning play an
important role, which are called supply chains. Since any
business entity being the participant of the supply chain aims
to achieve positive financial results in the short and long term,
it is objectively necessary and relevant to assess the
peculiarities of generating profits of manufacturers and
retailers as members of distribution channels. In this context, it
should be noted, that in the process of distribution policy,
enterprises are guided by the strategies of the supply chains in
which they operate, as well as the number of participants in
the channel. Determining the impact of pricing strategies and
generating costs on joint product promotion in the distribution
channel on the final financial results of manufacturers and

e Tetiana Galetska is Candidate of Economics (Ph. D), Associate
Professor of the Department of Economic Theory, Management and
Marketing, Faculty of Economics, The National University of Ostroh
Academy, Ostroh, Ukraine. E-mail: tanya.galetska@oa.edu.ua

e Natalia Topishko is Candidate of Economics (Ph. D), Associate
Professor of the Department of Economic Theory, Management and
Marketing, Faculty of Economics, The National University of Ostroh
Academy, Ostroh, Ukraine. Email: natalya.topishko@oa.edu.ua

¢ |van Topishko is Candidate of Economics (Ph. D), Associate Professor
of the Department of Economic Theory, Management and Marketing,
Faculty of Economics, The National University of Ostroh Academy,
Ostroh, Ukraine. Email: ivan.topishko@oa.edu.ua

e Natalia Danyliuk is Post-graduate student of the Advanced
Mathematics Department, Faculty of Marketing, Kyiv National
Economic University named after Vadym Hetman, Kyiv, Ukraine. E-
mail: somed12@gmail.com

e Tetiana Kmytiuk is PhD in Economics, Associate Professor of the

retailers are key aspects of evaluating the ability to find ways
of maximizing enterprises’ profits. In this context, priority is
given to the range and nature of the interaction between the
participants of the supply chain, which implies the formation of
a short one-level channel in which there is one retailer
between the manufacturer and the consumers. Considering
this moment, the study examines the interaction between
relatively independent enterprises — manufacturer and retailer,
who are equal in their decision-making regarding the
implementation of business behavior strategies in the process
of promoting product to end consumers. Such interaction is
formed on a contractual basis, or on terms of cooperation,
which suggests the simultaneous and independent decision-
making by both the manufacturer and the retailer on the
implementation of the main business game strategies, which
are pricing strategies, as well as strategies for generating joint
costs for product advertising. Thus, the study focuses on
finding a solution of non-cooperative game, which proposes
Nash equilibrium formation, as a fairly simple scenario of a
business game, in which each player (manufacturer and
retailer) can not affect the business behavior of the other
without changing their own. An important aspect of Nash
equilibrium is the consideration of such a feature of the
manufacturer’s and the retailer’s cost-formation strategies as
the manufacturer’s ability to participate in the retailer’s costs of
promoting the product in the supply chain. Therefore, in
addition to determining the optimal Nash equilibrium pricing
strategies, namely the ratio of the manufacturer’s transfer
price and the retailer’s retail price, the study actualizes the
possibility of finding optimal strategies for generating joint
costs for advertising by the manufacturer and the retailer in the
process of promoting the product to end consumers. At the
same time, the strategies of costs’ formation for joint
promotion are implemented in the form of shares of the
respective costs for the manufacturer and the retailer, which
allows to further find their optimal ratio from the point of view
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2 THEORETICAL BAsiIs

The influence of key factors on the profits formation of the
participants of the supply chain is determined on the basis of
consumer demand functions, which reflect the profit models of
the manufacturer, the retailer and the channel as a whole.
Appropriate consumer demand functions take into account the
joint interaction of channel participants, which is seen as an
effective mechanism for avoiding conflicts in the channel.
Particular attention should be paid to such a component of
consumer demand function and, at the same time, joint
product promotion strategies, as the costs of joint advertising.
Defining these costs as co-operative advertising costs, foreign
scientists in [1], [4], [5], [8], [11] indicate the positive impact of
co-promotion costs on both the manufacturers and the
retailer’s activities, as they allow for the first player to focus on
the long-term development perspective and for the second
one to increase competitiveness. To build profit models for the
participants of supply chain, which are used in a numerical
experiment of Nash equilibrium formation, it is taken into
account the multiplicative consumer demand function, that
was offered in [10], which is mathematically represented as
follows:

D(W!V1 pr): f(pr)XF(W,V), (1)
where W - the share of the retailer's costs for joint product
promotion; V - the share of the manufacturer’s costs for joint

product promotion; P, - retail price per unit of product.

The first component of the multiplicative function f(p,)

reflects the linear relationship between the retail price per unit
of product and the volume of its sale; at the same time, the
second component of the function F(w,v) depends on two

variables and needs a more detailed explanation of its nature.
For this purpose, we will use proposed in [5] mathematical
notation of the advertising cost response function, namely:

B
FWV) = A= 7 ABWY>0 a fe(0l) @)
where A - the scattered asymptote of product sales; B -
estimation parameter; «,f - quasi-advertising elasticity

respectively for the retailer and the manufacturer.
Given the mathematical notation F(w,V), presented in (2),

and the necessity to include the strategies of business
behavior of the manufacturer and the retailer in the profit
model, we present the consumer demand function (1) in a
non-dimensional form:
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where P, - transfer price per unit of product; K - the rate of

the manufacturer's participation in the cost of the retailer's
product advertising. In order to adapt the profit models,
obtained in (3)-(5), to the finding of the optimal ratios of their
components, under which Nash equilibrium is formed, it is
necessary to define the main aspects of Nash equilibrium itself
as a result of the business interaction between the
manufacturer and the retailer in the channel. Based on the
claims of scientists in [3], [6], [9], Nash equilibrium occurs in
the interaction between rational players, each of which takes
into account the position of the other in the decision-making
process for the implementation of business behavior
strategies. In order to mathematically express Nash
equilibrium, we will find the solution of the problem of
maximizing the profit functions (3) and (4) for both participants

of the supply chain in the following form: for the
manufacturer
max 11, = p, -(1-p, )- A1 wev ®6)
py.v.k m r 1 w% 'Vﬁ
(B)a+,8+l

and for the retailer

A 1 7
T?‘i(nr:(pr_pt)'(l_pr)' 1 a B _(1_k)W ( )

(B)a+ﬁ+l

Let the profits of the manufacturer and the retailer be formed
provided that, K =0, p, > p,, moreover p, #1. Since both

channel members simultaneously make decisions to maximize
their own profits, it can be assumed that they expect to receive
equivalent profits. Given the results of the study [7], we can
assume that:

pr_ptzptjprzz'pt (8)
To solve the problem of profit maximizing for the retailer, we
need to check the necessary and the sufficient conditions for
the existence of an extremum of function (4). The necessary

condition for the existence of an extremum of the profit
function for the retailer is:

.ol
H = r :0,
(1), gw
: 1
(11,),, :ar:O
' 9)

After the transformations, system (9) can be written as follows:

for the manufacturer
A 1 (3) g . W_(‘”l) . V_ﬁ — 1,
Hm:pt'(l_pr)' 1 o B —k-w-v 9
atpr ) 1 2
By szglpr:?
for the retailer
A
A 1 4 -w*.v” >0
Hr:(pr_pt)'(l_ pr) 1 a'vﬁ —(1—k)W ( ) B“%/m
(B) a+p+1 ( ) (10)
for the channel As determinant " " .
A= (Hr)ww x (Hr)prpr _((Hr)wp,) >0,
A 1 (11)
- .(1- . — —W-=-V, 5 . . ’
1y = py (1 pf) 1 w® VP w-v ©®) the sufficient condition for the existence of the extremum of the
(B)«+F+ profit function for the retailer (4) is satisfied. Similarly, to solve
the problem of maximizing the profit function of the
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manufacturer, the necessary and the sufficient conditions for
the existence of an extremum of its profit function (3) are
verified. The necessary condition for the existence of an
extremum of function (3) have the following form:

.ol
1), =—==0,
(11,), gv

. [
(11,), = g

Pt ap[

(12)
Having solved the first equation of system (12), we conclude
that

§~W" vt <]

13)
and the necessary condition for the existence of an extremum
of the manufacturer profit function is fulfilled.
As a determinant
A= (Hm)w X (I]m)ptpt - ((IYm)vpt)2 <0,
(14)
the sufficient condition for the existence of an extremum of the
manufacturer profit function (3) is not satisfied. Since Nash
equilibrium implies independent decision making regarding the
implementation of business game strategies, it does not,
however, exclude the possibility of interaction between the
manufacturer and the retailer in the process of implementation
of these strategies. Therefore, the following equation system
should be solved:
- Ji
(11,), = e -
ow
oll

1), =—"=0
(1,), v

0,

(15)
provided that
1 2
Py 3’ Pr 3
(16)
The solutions of system (15) form Nash equilibrium, which is
mathematically written as the following system:

17)
In order to perform the numerical experiment, some
assumptions are made regarding the components A, B of the

advertising cost response function F(w,v), based on

practical guidelines for the functioning of the supply chains.
Referring to [2], suppose that an ad campaign extension

cannot exceed product sales by more than twice, i.e. 4= 2;
at the same time, a manufacturer's enhanced advertising
cannot increase its sales by more than 50%,
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therefore B=0,5-W* -V” . In this regard, the component
functions can be written as follows:
a’ a?
AZZXF’ BIO,SXFXWaXVﬂ

(18)
To calculate the ratio (a® +b) it is necessary to investigate the

nature of the dependence of the demand volume on the price
per unit of the product, taking into account the specifics of the

formation of the retail price P, . The study, conducted on the

basis of 36 observations on the values of the average monthly
price per unit of the product and the average monthly volume
of its sales made it possible to form a selective set and on this
basis to construct a linear pair regression equation of the
following form:
Y =-0,2216602- X +9034795
19)

The main numerical characteristics of equation (19) are given
in table 1:

TABLE 1

The Main Numerical Characteristics of the Model of Linear
Regression Y =a+b- X

Parameter Parameter
N Estimation ¢
Parameter estimates Estimation 2
-0,2216602 9034795
The c:oefficie:nt of 0,98145754 5063,4908
determination &~
F . Fisher criteria 1799,62905 34

As can be seen from the mathematical record of the system of
equations (17) and (18), the magnitude of the costs of the
manufacturer and the retailer for the joint promotion of the

product in the channel (V;w), as well as the components
A,B of profit models (3)-(5) depend on the values of

parameters «, [, that change under the study condition in the
range (0;1) with a step change | =0_1.

3 RESULTS
In order to determine the optimum ratio of parameter values
a,, that maximize the profits of the manufacturer, the

retailer and the channel, two cases of change of values should
be considered in the chosen business strategies of the
channel participants «, £. In the first case, for each & from

the set of values «=1{0,10,2,0,3,0,4,0,5,0,6;0,7;0,8;0,9}
parameter [ satisfies the condition £ < (0;1); in the second
case, for each S from the set of values
£=1010,2,0,3,0,4;0,5,0,6;0,7;0,8,0,9} parameter ¢ satisfies
the conditon a €(0;1). In this way, we can determine
possible pair or pairs of values «,f, that satisfy Nash

equilibrium condition, that is, to find optimal shares of the
common advertising costs for both channel participants which

enable profits maximization at given values of transfer P, and
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retail P, prices.

In the case when parameter fSe(0;1) for each value
a €(01), which changes with step | =01, a preliminary
analysis of the profit values of the manufacturer (Hm), the

retailer (]7r ) and the channel (Hch) showed that profits reach
the highest values when ¢ =0,9, that is, they increase with

increasing parameter & values. Therefore, in order to provide
recommendations on the possibility of using Nash game for
channel members, it is necessary to analyze the peculiarities
of changing parameter £, which can be made on the basis of
the data, given in table 2.
TABLE 2
Summary Data on Nash Equilibriumat K =0, o =0,9,

a ﬁ w v pr P Hm 17} Hu‘i
09|01 |0,3529 | 0,0392 | 0,3333 | 0,6667 | 11330079,91 11330079,59 22660159,50
0,9 |02 | 03855 | 00857 | 0,3333 | 0,6667 | 2506570143 25065701,13 5013140257
09|03 | 04079 | 0,1360 | 0,3333 | 0,6667 | 50850933,77 50850933,50 | 101701867,30
09104 04231 01881 | 03333 | 0.6667 | 96180607,11 96180606,88 | 192361214,00
09|05 04330 | 02406 | 0,3333 | 0,667 | 1715344915 | 17153449130 | 343068982,70
09 |06 | 04388 | 02925 | 0,3333 | 0,6667 | 29093339520 | 290933395,00 | 581866790,20
09|07 | 04413 | 0,3433 | 0,3333 | 0,6667 | 472433314,20 | 472433314,10 | 944866628,40
09|08 | 04414 | 03923 | 0,3333 | 0,6667 | 73853079470 | 73853079460 | 1477061589,00
09109 04394 | 04394 | 0,3333 | 0,6667 | 1116459285,00 | 1116459285,00 | 2232918570,00

L € (0;2) with a Step Change | =0,1
As can be seen from the data in table Il, the profits of the
manufacturer (11,), the retailer (/1) and the channel (/1)

increase with increasing parameter £ and reach maximum
values at o = 2=0,9. However, based on system (13), the

values of transfer P, and retail P, prices remain unchanged

for each pair of values «, #, moreover P, > p,, and this is

due to the desire of the retailer to provide the minimum
necessary level of possible profit in the channel. At the same
time, as parameter [ increases, the share of the costs of the
manufacturer (V) and the retailor (W) for joint promotion of
the product also increase, moreover W>V for all pairs of
values «, ff, except a = 3=0,9.

In the case when parameter « €(01) for each value
B < (0;1), changes with step | =0,1, a preliminary analysis of
the profit values of the channel participants and the channel as
a whole also showed that the largest values of the profits
11, Il and Il acquire at #=0,9, at which a < (0;1).

In order to provide further recommendations on the
possibilities of using Nash equilibrium in the channel under
given initial conditions, it is necessary to analyze the data,
given in table 3.

ISSN 2277-8616

TABLE 3
Summary Data on Nash Equilibrium Formation at K =0,

£=09, a<(0;1) with a Step Change | =0,1

a ﬁ w ¥ p! pr Hm Hr Hrl}

0,1]09]0,0392 | 03529 | 0,3333 | 0,6667 | 1133007950 | 11330079,91 | 2266015950
0,2]0,9|0,0857 | 0,3855 | 0,3333 | 0,6667 | 25065701,13 | 2506570143 | 5013140257
0,3]0,9|0,1360 | 0,4079 | 0,3333 | 0,6667 | 50850933,50 | 50850933,77 | 101701867,30
040001881 | 04231 | 0,3333 | 0,6667 | 9615060686 | 9618060711 | 192361214,00
05|09 02406 | 0,4330 | 0,3333 | 0,6667 | 17153449130 | 17153449150 | 343068982 70
060902925 | 04388 | 0,3333 | 0,6667 | 200933395,00 | 29093339520 | 581866790,20
0,709 |0,3433 | 0,4413 | 0,3333 | 0,6667 | 47243331410 | 472433314,20 | 944866628,40
080903923 | 04414 | 0,3333 | 06667 | 73853079460 | 738530794,70 | 1477061589,00
0910904394 | 04394 | 03333 | 06667 | 1116459285,00 | 1116459285,00 | 2232918570,00

Data from table 3 allows us to argue that the profits of the
manufacturer, the retailer and the channel increase with
increasing parameter & and reach maximum values at

a=p3=09. As in the previous case, provided that

a= =09, the magnitudes of profits /7 and [/ are

equivalent, indicating that one of the conditions of Nash game
was fulfilled. In addition, the cost share of the manufacturer
(V) and the retailer (W) for joint product advertising in the

channel is equivalent, which along with p_ > p, also satisfies

the condition of the game. It is worth noting that, in contrast to
the previous case, for each pair of values ¢, 5, except the

case o = #=0,9, the inequality holds v >w.

Graphically, the models of profit maximization of the
manufacturer and the retailer, which forms under Nash

equilibrium, are represented as surfaces in Fig. 1:
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Fig. 1. Manufacturer’s profit 7, (a) and retailer’s profit 11,
(b) models provided Nash equilibrium
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Thus, provided that « =/£=0,9, business conditions are

satisfied and Nash equilibrium is reached, because both the
manufacturer and the retailer have incentives to maintain
interaction, indicating the maximum value of their profits in
each scenario for the implementation of pricing strategies, as
well as shared cost strategies (cost share are equal) for
product advertising.

4 CONCLUSION

Based on the analysis of the results of numerical simulation, it
can be confirm that there is a possible one case of
implementation of Nash game, which is favorable in terms of
maximizing the profits of both channel participants and is
achieved when o =/£=0,9. It should be noted, that in the

first case of changing parameter values «,f the

implementation of Nash game model is more favorable for the
manufacturer, because for each pair of values «, 3, except

a= =09, the manufacturer’s profits slightly, but exceed

the corresponding profits of the retailer, and the
manufacturer’s costs do not exceed the costs of the retailer. In

the second case of changing parameter values «,f the

situation is opposite, and Nash game gives more favorable
opportunities for maximizing the retailer's profit. Thus,
provided that the participation rate of the manufacturer is
zero, therefore the manufacturer does not in any way
assists the retailer in reducing the retailer’'s costs for
product advertising, the numerical confirmation of Nash
game solution indicates that there is an effective interaction
between both channel participants. At the same time, the
mechanism of this interaction is realized by balancing the
values of expected profits due to the interdependent
simultaneous decision making regarding the
implementation of pricing strategies and strategies for
generating joint costs for product advertising. The results of
the numerical experiment make information base for further
studies of the effectiveness of interaction between two
participants in the supply chain, which helps to avoid
conflicts in the channel and allows calculations of
parameters ¢, other than in the proposed study.
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