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CONDITIONS OF DIGITALIZATION

ABSTRACT

The purpose of the study is to build a model of the antagonistic game of choosing the
strategy of the FEA in the conditions of digitalization. To do this, approaches to the use
of Game Theory will be explored. The economic and mathematical apparatus and its
application for the strategy of foreign economic activity are considered.

This study allows us to determine whether Game Theory is a suitable analytical tool for
foreign economic activity-oriented decision-making. In this context, through strategic
interdependence games, FEA is associated with making decisions to determine whether
to collaborate or compete, innovate or emulate in order to create innovative advantages
in the company.

It has been found that sometimes our economic decisions are influenced by the deci-
sions of third parties; To understand how these decisions are made and which is the
best among several alternatives, game theory arises. The study of game theory in eco-
nomics will define a game as an abstraction of a specific economic situation. One or
more solutions will be suggested, and the author will try to demonstrate which strate-
gies correspond to the equilibrium in the presented game. Game theory cases are often
represented graphically using matrices to better understand the reasoning of the par-
ticipants.

Companies use game theory not only to set prices but also to determine when and in
which market to conduct FEA and predict competitive decisions. Therefore, the theory
of games was applied to foreign exchange for different markets. In order to use this
theory, it is necessary to have information about other players, their advantages, and
limitations. It consists in achieving a balance of benefits for all. When all players have
made a decision and if changing it makes them feel worse, a Nash equilibrium is said
to be reached.

Keywords: model, antagonistic game, game theory, strategy, foreign economic
activity, Nash equilibrium, digitalization
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INTRODUCTION

Decision-making based on game theory is a very under-researched area of microeco-
nomics, especially based on innovative competition that develops through foreign eco-
nomic activity (FEA). In order to build an FEA strategy, each of the decisions that the
player must make is first determined. Game theory, also known as "interactive decision
theory" or "social situation theory", is, according to Deutsch et al (1986) cited by San
Roman (2002), one of the twelve major innovations in economic thought worldwide.
twentieth century; and can be broadly defined as a decision-making technique in conflict
situations based on the construction of a formal matrix that allows understanding of the
conflict and its possible solutions.

In the field of business, it can be considered as a mathematical method that allows
analyzing the behavior of companies in terms of possible actions or business strategies
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that they carry out for their placement, maintenance and expansion in the markets to which they belong.

Among the greatest representatives of game theory are the outstanding Hungarian mathematician John von Neumann
and the Austrian economist and mathematician Oskar Morgenstern, who in 1944 published the book "The Theory of Games
and Economic Behavior", which became one of the greatest achievements of modern times. economic theory, as well as
a radical transformation of our understanding of decision-making and strategy selection in various fields of knowledge.

For Binmore (1994), the above-mentioned authors explored two different approaches to game theory, the first of which is
the strategic or non-cooperative approach, which consists of a game with two players whose interests are diametrically
opposed, and in which this requires defining in great detail what the players can and cannot do during the game, and then
find the optimal strategy for each player. In this context, games are called strictly competitive, or zero-sum games, because
any gain for one player is always exactly balanced by a corresponding loss for another player.

The second approach refers to the coalitional or cooperative one, in which the authors sought to describe the optimal
behavior in games with a large number of players, a situation that did not allow to achieve the same exact results as those
found in the zero-sum case. and two players.

According to Ayala and Arias (2003), game theory was created with the intention of resisting the limitations of neoclassical
economic theory and providing a theory of economic and strategic behavior where the subject interacts directly, instead
of doing so through the market. In this sense, game theory is a fundamental tool for dealing with complex interactions
such as competition in markets.

However, it should be noted that although von Neumann and Morgenstern (1953) are considered the first formal game
theorists, other authors have made important contributions to the mathematical concepts they originally expressed. For
this reason, the purpose of this essay is to provide, from the perspective of Nailbuff (1997) and Shubik (1959), some
theoretical reflections that contribute to a better understanding of the scope and limitations of game theory.

LITERATURE REVIEW

Game theory arose out of von Neumann's interest in certain aspects of poker, such as how players tried to give false tips
by using the rules of the game. This author believed that there was something non-trivial about this, and from the mid-
twenties to the forties he devoted himself to investigating the mathematical structure of poker and other games; realizing
that the theorems can be applied to various fields such as economics, politics, and various situations of everyday life and
war (Gastaldi et al., 1998).

In 1944, von Neumann and Morgenstern published the results of their analysis in the book “Game Theory and Economic
Behavior”. However, Shubik (1987) notes that other economists such as Cournot and Edgeworth already anticipated some
ideas and were particularly innovative in the 19th century. Similarly, the author suggests that other contributions were
made by the mathematicians Borel and Zermelo, and even von Neumann himself had already laid the foundations in 1928.

However, it was only after von Neumann and Morgenstern's book appeared in 1944 that the world realized the importance
of an open-ended tool for the study of human relations, and in the last twenty years considerable progress has been made
to the point that other modern books on game theory have been published, which no longer include some of the restrictive
assumptions that Von Neumann and Morgenstern considered necessary for progress, such as the existence of players with
perfect knowledge of the game and their opponent, which means that the Player knows the rules of the game in detail.

Gibbons (1996) in the analysis of game theory indicates the existence of four types of games, namely: static, dynamic,
with complete and incomplete information; indicating that incomplete information represents a situation where there is no
private information.

The aforementioned author, defining static games with complete information, starts from the existence of two players,
each of whom chooses and simultaneously executes a certain option from the menu of possible alternatives, and at the
end of which each receives a utility (payoff).

Speaking of static games with incomplete information, also known as Bayesian games, Gibbons (1996) defines them in
the same way as the previous one, but considering that at least one player is uncertain about the utility or payoff function
perceived by the other player.

Regarding dynamic games with complete information, the author assumes that player number one chooses an option from
a possible set of alternatives, while player number two observes the decision chosen by player number one and then takes
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his action from the set of possible alternatives. After performing each action, each of the involved agents (players) receives
a reward (payout).

In turn, dynamic games with incomplete information consist in the fact that one of the players has private information,
and the counterparty does not; resulting in the latter following an action taken by the player with the information. This
type of game is called "signal games" because a signal sent by a player who knows private information is followed by an
action taken by the opponent based on the latter's information.

However, when reviewing the existing literature on game classification, it is common to find that various authors, including
Binmore (1994) and Shubik (1986), classify games as cooperative or coalition rather than cooperative or competitive.

Cooperative games study how rational people interact with each other in pursuit of interdependent goals, with the goal of
maximizing the specific interests of each by achieving common goals established by consensus, and in which the maximi-
zation of specific interests means, in this case, the greatest value to be achieved together with the other side, and is not
necessarily the greatest value that can be achieved in the game. Whereas non-cooperative games study how rational
people interact with each other in an attempt to maximize their own goals, and where the maximization of specific goals
means, in this case, the greatest value to be achieved, which generally coincides with the greatest value to be gained by
the game.

Today, there is no doubt about the importance of game theory in society and how it has revolutionized the way of thinking
and decision-making in the economic sphere. However, there are some authors such as Nash (1950), Simon (1993),
Binmore (1994), Durand et al. (1996), Foss (1999), and Shubik (2000) among others who question and comment on the
weaknesses of game theory.

In this sense, it is worth noting that in the early 1950s, according to Binmore (1994), Nash broke two barriers that von
Neumann and Morgenstern had imposed on themselves. In the case of non-cooperative games, the authors did not take
into account the concept of equilibrium for the construction of strategies, and therefore they were limited to zero-sum
games. However, Nash's approaches to the idea of equilibrium showed that such a restriction was necessary, and in fact
today it is a valuable tool for game theorists.

Regarding the cooperative approach of von Neumann and Morgenstern (1953), Nash (1953), Ermakova, O. M. (2016).
also made some contributions, as he disagreed with the idea that game theory should treat negotiation problems between
two people as uncertain, and in this sense offered arguments for defining them.

On the other hand, Mankiw, N. (2000). notes that game theory raises several criticisms, among which the formality and
non-representation of human actions stand out. Among the first are the formal methods used by the theory of games, in
which there are no constants in a person, and therefore quantitative and formal methods are not the guarantors of social
sciences. Likewise, the author notes that game theory does not represent human actions, as it has an extremist nature of
reality in which hyper-rational individuals (standard game theory) or simple puppets, programmed to follow strict rules,
converge, although in some cases it is completely irrational decisions (evolutionary or Darwinian game theory).

In addition, Durand et al. (1996: 5) emphasize that game theory only provides models of real situations, so often the
conclusions these models provide are only general guidelines for behavior that provide more precise rules of action. more
accurately reflects reality.

According to Shubik (2000), when games are played strategically or broadly, the limitations of both implicit and explicit
assumptions make rational people or decision-makers more problematic. According to the author, theoretical and primitive
solutions provide a weak model of behavior. Even with regard to the concepts of non-cooperative equilibrium and its
variants, such values were more subjective.

Similarly, Shubik (2000) emphasizes that one of the most important weaknesses of models in game theory is that they
leave no room for innovation, mutation, and feedback between the game and its environment.

At the same time, he notes that the passions of the individual, namely: love, hatred, anger, envy, fear, joy, and regret,
play a predominant role in decision-making (Ivashchenko G. A. 2021). Such senses of human and animal behavior are
indicators of the complex coding process that individuals use, and in this sense, game theory presents a challenge to
formulate models where the role of passions can be defined and analyzed.

In the same line of thought, Shackle (1972), Garafonova O. I. (2015), cited by Basili and Zappia (2003), emphasize the
need to recognize the mental activity of the individual, in which he argues that each person imagines the future, and this
process of imagination is vital. .in the decision-making process. Therefore, Shackle offers a conceptualization of non-
probability decisions of individuals under conditions of uncertainty.
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Furthermore, Simon (1993), Garafonova, O., Gruzina, I., Kozyreva, O., Margasova, V., Pishchenko, O., & Tarasyuk, G.
(2023) cited by Mirjam (2003), strongly questions the assumption that each economic agent (player) has a well-defined
utility or benefit function and that alternative strategies are known to decision makers; For this author, the above assump-
tions contradict his beliefs about the existence of external social constraints and internal cognitive constraints on decision-
making, on which he bases the opposite assumptions in his program of partial rationality (bounded rationality).

In other words, Simon emphasizes his observations around the classical concept of rationality, which places strict demands
on decision-makers; and criticizes this model for characterizing human beings with unbounded rationality. The main argu-
ment put forward is that this model would only work if all people had a uniform worldview, which would only be plausible
if all people shared the same value codes.

Similarly, the author questions the predictable nature of the consequences caused by a certain strategy and rejects the
fact that such consequences can be determined.

Building models of rationality can be an extremely qualitative task. As he says McKeown (1999: 179), the connection
between TD and the qualitative tradition can be determined by noting the similarities between games and ideal types.
Ideal types—Weber's concepts—are qualitative conceptual resources for abstracting the essential characteristics of a phe-
nomenon in order to guide empirical inquiry and facilitate understanding (Ksendzuk V.V. 2020). Especially for the most
well-known games in the literature (DP, Chicken Game, etc.), both preference tables and payoff matrices can be considered
ideal types, since they economically synthesize the complexity of situational logic and decision-making processes, which
they can repeat in a number of cases: they help to understand empirical problems, but at the same time it is clear that
the analyzed actors do not behave completely according to the characteristics attributed to these concepts: the cognitive
capacity that TJ assigns to them will rarely be found empirically, but they provide an initial orientation to real problems.

By reproducing only, the most important characteristics of a phenomenon or set of phenomena, ideal types help answer
why, in light of the contextual conditions of the phenomenon, it deviates or does not deviate from the ideal model; They
allow us to understand a phenomenon by comparing it with a concept of a higher level of abstraction. Consider, for
example, the concept of instrumental rationality. By considering it as an ideal type, its presence could be predicted in order
to later analyze the case and show how possible deviations from the ideal type are explained by the specific circumstances
of the case, that is, by comparing it with the empirical world. One might begin with the TJ model, which in theoretical
intuition shows similarity to empirical situational logic, and discuss how unique case conditions cause the model to deviate.
Emphasizing the deviation from the model makes sense to explain the case itself, to show the limits of rationality - to find,
for example, the presence of irrational motivations - and to emphasize the usefulness of the ideal type as a starting point.
map of reality Games, as ideal types, are in the middle between abstract concepts - for example, a system - and empirical
singularities. In this sense, TJ adapts to what Robert King Merton (2002: 56) understood as middle-range theories: theories
that help in empirical research and allow moving "from top to bottom", while being between empirical descriptions and
basic theoretical propositions. That's why Porter, M. (1990) built a general theoretical corpus from rationalist micro-foun-
dations, in which TJ plays a primary role since its models play the role of "mediators" between individual phenomena and
systems. Furthermore, as an intermediate theory, the scope of TK is both theoretical and empirical: they serve to explain
real phenomena, but at the same time they generate debates whose usefulness can only be found in social philosophy.
Finally, as San Roman, Antonio Pulido (2002) said, games, being ideal types, allow us to analytically relate the social
structure to the actor's point of view, the subjective to the objective. The author seems to think that the game, although
an expression of methodological individualism, includes in its analysis the social construction of preferences, beliefs, and
motivations, and that external mechanisms such as opportunities, interactions, structures, and decisions of other actors
influence the formation of preferences.

Game theory has continued to develop over the last century, with the seminal contribution of mathematician John Nash,
who won the Nobel Prize for his analysis of equilibria in non-cooperative game theory. A Nash equilibrium assumes a
situation in which all players have chosen a strategy that maximizes their profits, given the strategies of the remaining
players. At this point, neither player has an incentive to change their strategy.

Game theory researchers analyze the behavior of individuals in strategic games. These types of games represent a situation
in which two or more players are faced with a choice. Each of them can win or lose depending on what the others choose.
Therefore, the final result of the game is determined jointly by the strategies chosen by all its participants, that is, the
outcome of each participant's decision depends on the actions of the rest.

The study of game theory in economics will define a game as an abstraction of a specific economic situation. One or more
solutions will be suggested, and the author will try to demonstrate which strategies correspond to the equilibrium in the
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presented game. Game theory cases are often represented graphically using matrices or decision trees to better under-
stand the reasoning of the participants.

AIMS AND OBJECTIVES

The purpose of the study is to substantiate and build a model of the antagonistic game of choosing the strategy of foreign
exchange in the conditions of digitalization. For this, approaches to the use of game theory will be explored. The economic-
mathematical apparatus and its application for the foreign exchange strategy are considered.

METHODS

This study allows us to determine whether game theory is an appropriate analytical tool for decision-making focused on
FEA. In this context, through strategic interdependence games, FEA is related to decision-making to determine whether
to cooperate or compete, innovate or imitate, to create innovative advantages in the company.

Therefore, the method used is deductive, which is based on a documentary review of previous studies of game theory and
its application in reality for decision-making focused on the FEA. Modeling with the help of game theory was also applied
in the case of FEA. Thus, on the basis of the relevant variables, specific conclusions are formulated regarding the application
of game theory in the development of a foreign exchange strategy.

RESULTS

Game theory, created by Neumann and Morgenstern (1944), focuses on finding optimal strategies that players (agents)
use to maximize their utility under cooperative and non-cooperative approaches. This new analytical tool for strategic
decision-making had a major impact in the fields of economics and mathematics, especially through the doctoral disserta-
tion of Nash (1950), who, building on the work of Neumann, Morgenstern, and Kuhn, demonstrated that there is a solution
to non-cooperative strategic games where the players get the best possible outcome, given that they are in a situation of
strategic interdependence, and therefore no player has the incentive to deviate from it, is called a Nash equilibrium.

According to Alvarez (2015), game theory is very useful for analyzing the functioning of basic market structures with a
small number of participants, whose outcomes depend on the outcomes of others, which allows predicting behavior. certain
predetermined rules of the game.

Based on the above, players form their optimal strategies, and they can change, according to Fernandez and Parra (2012),
depending on the size of the company, the sector of economic activity, the market, and the type of game they play. Such
a situation leads to fiercely competitive (even vindictive) play or to alliances and cooperation that allow all players to get
a fair share of the benefits. Thus, game theory has a strong analytical connection to the decision of companies to compete:
this is a relevant element in this study.

In the new economy, there is a very deep connection with the thought of one of the greatest intellectuals of his time:
John von Neumann, who, since 1928, has contributed profound discoveries that are now used in the field of business.

In this regard, authors such as Nalebuff and Brandenburger (1997) have used von Neumann's findings from game theory
to develop several business-related projects. And in this sense, they introduce the term "cooperation", which is an abbre-
viation of the words "cooperation" and "cooperation", and with which the authors want to express that business is not just
a war, as it was traditionally believed, in which there were winners and losers (zero-sum game); nor is business only
peace, as was later believed, but rather business is both war and peace; You have to compete and cooperate at the same
time.

Knowing that game theory is an abstract reflection of reality, and that the behavior of individuals in one way or another
affects the state of other actors; When evaluating it, it is important to take into account the assumptions, since it is almost
an impossible task to reflect what exactly happens in real life with the help of a model.

In this sense, game theory is based on the following assumptions:

= Each player has at his disposal two or more clearly defined options, called "games".

= Each possible combination of moves available to players directs them to a well-defined final state (win, lose, or fold)
that ends the game.
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. Each end-situation has a separate reward associated with each player.

= Each player knows the game and his opponent intimately, which means that the player knows the rules of the game
in detail, as well as the preferences and beliefs of the players, the payoffs of the other players, and what each player
can and cannot do.

All players are rational; this means that each player, given two options, will choose the one that represents the greatest
benefit or utility.

Therefore, game theory is a general theory of rational behavior for situations in which: 1) two or more players have at
their disposal 2) a finite number of options for actions (moves) that lead them to 3) a clearly defined outcome of winning
and losing, expressed as numerical payoffs associated with each combination of actions and for each player. And where
the players have 4) perfect knowledge of the rules of the game and 5) are rational, in the sense that each player optimizes
his individual profit.

The game is a mathematical model of a real conflict situation. A conflict situation between two players is called a double
game (Klemperer, P., 1990). An even zero-sum game is convenient to investigate if it is described as a matrix. Such a
game is called a matrix game; the matrix consisting of the numbers gj is called the payment matrix. A mathematical model
of an antagonistic game is a matrix game with matrix A, in which the moves (strategies) of player A are arranged in rows,
and the moves (strategies) of player B are arranged in columns. The matrix itself records the winnings of player A based
on the respective moves of players A and B (a negative win is a loss). The table presents options for solving the game
given by the payment matrix A. The description of the algorithm includes:

= the analysis of the payment matrix should determine whether there are dominant strategies in it, and exclude them;

= finding the upper and lower price of the game and determining whether the given game has a saddle point (the
lower price of the game must equal the upper price of the game);

= if a saddle point exists, then the players' optimal strategies that are the solution to the game will be their pure
strategies corresponding to the saddle point. The price of the game is equal to the upper and lower prices of the
game, which are equal to each other;

= if the game does not have a saddle point, then the solution of the game should be sought in mixed strategies. To
determine the optimal mixed strategies in m x n games, the simplex method should be used, having previously
reformulated the game task as a linear programming task.

In the case of V * # V * - there is no saddle point (Fernandez, J., and Parra, M. (March 18, 2012).

There is also no optimal solution in pure strategies. However, if you expand the concept of a pure strategy by introducing
the concept of a mixed strategy, it is possible to implement an algorithm for finding the optimal solution to a not-quite-
certain game task. In such a situation, it is proposed to use a statistical (probabilistic) approach to finding the optimal
solution to the antagonistic game. For each player, along with a given set of possible strategies for him, an unknown
vector of probabilities (relative frequencies) with which one or another strategy should be used is entered. Let us denote
the vector of probabilities (relative frequencies) of choosing the given strategies of player A as follows:

P = (p1, p2, ..., Pm), Where pi = 0, p1 + p2 +...+ pm = 1.

The value pi is called the probability (relative frequency) of using the strategy Ai. Similarly, for player B, an unknown vector
of probabilities (relative frequencies) is entered in the form (San Roman, Antonio Pulido, 2002):

Q = (qll qQz; ooy Cln),

where g 2 0, q: + Gz + ... + Gy = 1. The quantity qj is called the probability (relative frequency) of using strategy B;. The
set (combination) of pure strategies A1, A2, ...Am and B1, B2, ... Bn in combination with the vectors of probabilities of
choosing each of them are called mixed strategies.

The main theorem of the theory of finite antagonistic games is von Neumann's Theorem: every finite matrix game has at
least one optimal solution, possibly among mixed strategies.

It follows from this theorem that a non-definite game has at least one optimal solution in mixed strategies. In such games,
the solution will be a pair of optimal mixed strategies P * and Q *, such that if one of the players adheres to his optimal
strategy, then it is not profitable for the other player to deviate from his optimal strategy.

The average profit of player A is determined by mathematical expectation: if the probability (relative frequency) of using
a strategy is different from zero, such a strategy is called active.
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Strategies P*, Q* are called optimal mixed strategies if MA(P, Q*) < MA(P*, Q *) < MA(P *,Q) (1)

In this case, MA (P *, Q*) is called the price of the game and is denoted by V (V* < V < V*). The first of the inequalities
(1) means that the deviation of player A from his optimal mixed strategy, provided that player B follows his optimal mixed
strategy, leads to a decrease in the average payoff of player A. The second of the inequalities means that the deviation of
player B from his optimal mixed strategy strategy, provided that player A adheres to his optimal mixed strategy, leads to
an increase in the average loss of player B.

Therefore, if there is no saddle point, the game is solved in mixed strategies and solved by the following methods: solving
the game through a system of equations. If the square matrix nxn(n=m) is given, then the vector of probabilities can be
found by solving the system of equations. This method is not always used and is used only in certain cases (if the matrix
is 2x2, then the game is solved almost always). If negative probabilities are solved, then this system is solved by the
simplex method. In cases where n=2 or m=2, the matrix game can be solved graphically.

We believe that it is advisable to use the graphical method for solving mixed strategies when forming the strategy of the
FEA (first, the saddle point is searched, if it is not there, then the dominated rows and columns are deleted, and then the
search for the optimal strategy is carried out). In the current context, when globalization extends to many aspects of
human life, not excluding the economic sphere, game theory provides a framework of analysis for technological negotia-
tions (especially those that carry out scientific research activities). has at his disposal to maximize utility, taking into
account the decisions of other players and the dilemma of cooperating or not cooperating with his rivals. According to
Fernandez and Parra (2012), it is in this scenario, based on the intensification of the globalization process, that the theory
of Nash games appears to reproduce the main components of the technological process of negotiation in conditions of
strong competition. In order to find the optimal solution to the dilemma, a game will be used, which consists of the
following assumptions: There are markets where the enterprise can enter. At time t, the company must decide between
markets, therefore, no market knows the movements of the other, information is imperfect. The rules of the game are
predetermined and unchangeable, and the players know them, that is, there is complete information. Players are assumed
to be rational.

Consider the game of two people whose interests are opposite. Such games are called antagonistic games. In this case,
the gain of one player-strategy is equal to the loss of the other, and only one of the players can be described. It is assumed
that each player can choose only one of the finite set of his actions. The choice of action is called the choice of the player's
strategy. If each of the players has chosen his own strategy, then this pair of strategies is called a game situation. It
should be noted that each player knows what strategy the opponent has chosen, i. e. has complete information about the
result of the opponent's selection. The pure strategy of player I is to choose one of the n rows of the payoff matrix A, and
the pure strategy of player II is to choose one of the columns of this matrix.

1. We check whether the payment matrix has a saddle point. If so, then we write the solution of the game in terms of
pure strategies. We assume that player I chooses his strategy so as to get his maximum profit, and player II chooses his
strategy so as to minimize the profit of player I.

Table 1 Input matrix for the game theory model of the choice of the FEA strategy for me.

The players Bl B2 B3 B4 B5 B6 a = min(Aj)
Al 2224 85 14 698 24 124 14
A2 2864 96 18 692 21 128 18
A3 2936 120 19 645 26 123 19
A4 2865 123 20 691 28 158 20
A5 4567 108 42 456 26 169 26
A6 4587 104 34 481 29 154 29
b = max(Bi) 4587 123 42 698 29 169

The players are the enterprises that carry out FDI. B1, B2, B3, B4, B5, B6 - financial indicators of enterprises.

We find the guaranteed win, which is determined by the lower price of the game a = max(a;) = 29, which indicates the
maximum pure strategy A6 (Ksendzuk V.V., 2020). The upper price of the game is b = min(b;) = 29. The saddle point (6,
5) indicates the solution to the pair of alternatives (A6, B5). The price of the game is 29.

2. We check the payment matrix for dominant rows and dominant columns. Sometimes, based on a simple consideration
of the game matrix, it can be said that some pure strategies can enter the optimal mixed strategy with only zero probability.
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From the losing position of player B, strategy B2 dominates strategy B6 (all elements of column 2 are smaller than elements
of column 6), so we exclude the 6th column of the matrix (Basco, A., Beliz, G., Coatz, D. y Garnero, P., 2018). The
probability ge = 0.

14 24
18 21
19 26
20 28
42 26
34 29

Strategy A3 dominates strategy A1 (all elements of row 3 are greater than or equal to the value of the 1st row), therefore,
we exclude the 1st row of the matrix (Contreras, H., 1995).

Strategy A4 dominates strategy A3 (all elements of row 4 are greater than or equal to the value of the 3rd row), therefore,
we exclude the 3rd row of the matrix (Ermakova, O. M., 2016).

Strategy A6 dominates strategy A4 (all elements of row 6 are greater than or equal to the value of the 4th row), therefore,
we exclude the 4th row of the matrix (Martinez, 2001).

42 26
34 29

We have reduced the 6 x 6 game to a 2 x 2 game. We will solve the problem using a geometric method, which includes
the following stages:

1. In the Cartesian coordinate system, a segment whose length is equal to 1 is placed along the abscissa axis. The left
end of the segment (point x = 0) corresponds to strategy A 1, the right - strategy A2(x = 1).

2. On the left axis of the ordinate, the winnings of strategy Al are postponed. On the line parallel to the ordinate axis
from point 1, the winnings of strategy A2 are deposited. The maximum optimal strategy of player A corresponds to
the point N, for which the following system of equations can be written:

= pr=0
= p> = 1.
The cost of the game, y = 29. Player B's minimax strategy can now be found by writing down the corresponding system

of equations, eliminating B's strategy 1 clearly gives player B a greater loss, and hence q: = 0, g2 = 1. A geometric
interpretation of the game theory model for foreign economic activity strategy is shown in Figure 1.

Political
factors

""" Features
of the
state

Minimax
strategy

Preferences

Figure 1. Geometric interpretation of the game theory model for the strategy of ZED.
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Answer: Game price: y = 29, players' strategy vectors: Q(0, 1), P(0, 1)

4. Let's check the correctness of the game solution using the strategy optimality criterion.
2@ qjV 235 pi= Vv

M(Py; Q) = (42%0) + (26%1) =26 < v
M(Py; Q) = (34*0) + (29%1) =29 = v
M(P; Q1) = (42%0) + (34%1) =34 2 v
M(P; Qz) = (26%0) + (29%1) =29 =v

All inequalities are fulfilled as equalities or strict inequalities, so the solution of the game is found correctly. Since rows and
columns were removed from the original matrix, the probability vectors found can be written in the form:

= P000001)
= Q000010

Essentially, it is a strategy used in negotiations or scenarios involving two or more agents. Participants do not ask them-
selves how to act within their capabilities, but rather consider the capabilities of those in front of them. That is, your
decision depends on the decision of others; and theirs, in turn, depends on yours.

DISCUSSION

Two important aspects that have been considered in relation to game theory and strategic management are the FEA
market and research. The reviewed literature allows us to determine the importance of a company being strategic in these
two areas. Therefore, game theory can be applied both in strategic management and in research and development. Stra-
tegic management includes a number of actions that affect the demand for goods or services offered by the company.
Strategic activity is related to the development of product strategies for foreign trade, pricing, distribution, and sales
promotion. However, game theory is the dominant conceptual framework for analyzing competitor and consumer behavior.
Analytically, game theory can provide an ideal conceptual framework for investigating different contexts in which outcomes
derive from interactions between different actors or players (competition, consumer, supply chain, government), especially
in interpreting the relationship between competitive behavior and market reaction (Day & Wensley, 2002). Nevertheless,
an important application of game theory in strategies is the modeling of horizontal competition among a small number of
firms considering oligopolies in some industries (Chatterjee & Samuelson, 2014). Based on the game theory approach,
there are four variables (known as the marketing mix) that firms play with product, price, country, and promotion. Of
these four, the most easily modifiable yet most difficult to compromise is price, as this variable operates in tandem with
consumer judgments and perceptions (Lalwani & Shavitt, 2013). Thus, price is the most tactical variable and is seen as
the last step in the competitive moment after product, advertising, and distribution strategies have been developed and
implemented (Saghezchi, Saghezchi, Nascimento, & Rodriguez, 2014). Cooperation is necessary to reduce costs. Despite
the fact that companies that cooperate with each other, for example in the transfer of knowledge, do not fulfill part of the
agreement; it becomes necessary to enter into a contract in order to achieve a balance at the FEA. Balance is easier to
achieve when side effects occur. Patents, licenses, and royalties are among the possible outcomes that avoid damages
from non-compliance by the parties. These payments can discourage vertical integration, especially by companies with
resources.

CONCLUSIONS

Companies today must manage themselves in a world of extreme complexity, any factor can determine the success or
failure of a company, and any change that occurs in these factors tends to affect many others.

Therefore, in this essentially turbulent and globalized environment, managers must have the ability to think strategically,
enabling them to observe the organization and its environment from a holistic perspective. This is how game theory, which
deals with the study of conflict and cooperation patterns between rational decision-makers, is presented as a framework
that can be used to enhance and improve strategic thinking in organizations by helping to define the environment and
how to act upon it. That is, it provides a more complete overview of each business situation, allowing us to observe aspects
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that might otherwise be ignored, and in which some of the greatest opportunities for a given company's business strategy
can be found.

In the analyzed context of game theory and its predominant role in business decision-making, as noted by Lanza (2000),
it is obvious that this theory, closely related to strategic thinking, has become the dominant form of economic reasoning
in the industry. business strategy because it provides a method for determining optimal strategies that allow companies
to better respond to the opportunities that present time and adapt to future changes in the environment.

Finally, in light of recent developments in game theory as a formal study of decision-making, it is undeniable that it has
provided a way to synthesize the way in which decisions are made. persons in conflict.

However, taking into account the characteristics of each economic entity, game theory has significant drawbacks, as it
mechanistically organizes the strategic way of thinking of each entity that participates in negotiations. Similarly, people
interacting in negotiation or conflict situations almost never have a clear idea of what tools the other party has, a situation
that adds a component of uncertainty that is very difficult to quantify.
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MOB'A3aHO 3 YXBaNEHHSIM pilleHb, W06 BU3HAUMTM, CMiBNpaLoBaTh UM KOHKYpPYyBaTW, BIPOBaZXyBaTh iHHOBaLi UM Hacni-
ZyBaTy, Wo6 CTBOPUTM iHHOBALIilHI NepeBary B KOMMaHii.

YcTaHOBNEHO, WO iHOAI HA HaLli eKOHOMIYHI pilleHHs BNIMBalOTb pilleHHs TpeTix ocib. LLo6 3po3ymiTi, Sk yxBantoloThb L
piLLIEHHS | sIke € HAMKPALLOO 3 KiIbKOX aribTePHATUB, BUHMKAE Teopis irop. ocnimKeHHs Teopii irop B eKOHOMILi BU3HAUYMTb
rpy sik abcrpakuilo KOHKpeTHOI eKOHOMIYHOI cuTyauii. byae 3anponoHoBaHO oaHe abo Kinbka pilleHb, i aBTop Crnpobye
NpoAEMOHCTPYBaTH, siki CTpaTerii BianosiaatoTb piBHOBA3i B NpeAcTaBeHiii rpi. Bunazku Teopii irop YacTo npeacTaBnsioTh
rpaciyHO 3a AOMOMOrol MaTpuLUb, LWOo6 Kpalle 3p0o3yMiTh MipKYBaHHS yYaCHUKIB.

KoMnaHii BUKOPUCTOBYIOTb TEOPItO irop He NnLLE ANs BCTAHOBMEHHS LWiH, ane i Ans Toro, Wwob BU3HAYUTW, KO i Ha IKOMY
PVHKY 3aiicHioBaTV 3E[, Ta nepeadadnTyt KOHKYPEHTHI pilleHHs. ToMy 6yno 3actocoBaHo Teopii irop npu 3E4 ansa pisHux
puHKiB. LLIo6 BMKOpMCTOBYBATM LiKO TeOpIito, HeObXiaAHO MaTK iH(OpMaLlito Npo iHWKMX rpaBUiB, iXHi MepeBarn Ta 06MeXeHHs.
BoHa nonsirae B AocsirHeHHi 6anaHcy nepesar Ans BCix. Konu BCi rpaBuUi yXBanuau pilleHHS i SKLLO KOro 3MiHa noripluye
IXHE CaMOMoYyTTsl, BBAXKAETbCS, WO AOCArHYTO piBHOBaru Hewa. Mogeni Teopii irop MoXyTb 6yTW KOPUCHO 3aCTOCOBaHI B
CMTyaLisix NneperoBopiB Mi>K TOProBUMKU NapTHeEPaMK, y SKUX HaMipy napTHepa 3 NeperoBopiB € NnLIe YaCTKOBO MPO30puMK,
a BapiaHTV Moro Aii BigoMi nulle 4acTKoBO. Te caMe CTOCYETbCS BiAHOCMH cniBnpaui. BigHOCUHKM MiX KepiBHUKaMK Ta
npauiBHMKaMM € YaCTUHOIO BiAHOCMH CriBnpaLi, SK i BIAHOCMHM MiX BUPOBHMKaMK Ta TOProBUMWM NpeacTaBHUKaMu 1 Bif-
HOCMHM Mi>X MapTHepaMu 3a NPOEKTOM. TakMM YMHOM, ANUCKYCIi CNiBPOBITHUKIB MOXYTb CTaTW SKICHILUMMK 3aBASIKM MOAENAM
Teopii irop.

KnouoBi cnoBa: Mofenb, aHTaroHiCTUYHa rpa, Teopis irop, cTtpaTeris, 30BHILUHbOEKOHOMIYHA AisSNbHICTb, piBHOBara
Hewa, avmxkuTanizadis
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