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Abstract: This paper is devoted to the sustainable management problem of a multipolar world.
The description of a multipolar world as a global organizational system is given. For the first time
in the literature, all elements of the global organizational system mathematical model are
specified in terms of a multipolar world order where civilizations act as agents. The peculiarities
of viability conditions for such a global socio-ecological-economic system are indicated. The
solvability conditions of the sustainable management problem under multipolarity are identified.

Keywords: game theory, global organizational system, mathematical modeling, multipolar world,
sustainable management.

1. INTRODUCTION

As is well known, diversity is the key to sustainability. At the global level, a multipolar
world is a natural condition for sustainable development.

Since the mid-17th century (after the Thirty Years’ War in Europe), international relations
were determined by the interaction of sovereign nation-states (the Westphalian system). After
World War 11, a bipolar world order was established (the Yalta system), where the poles were
the USA at the head of the North Atlantic Treaty Organization (NATO) and the USSR at the
head of the Warsaw Pact Organization (WPO). Finally, after the collapse of the USSR in
1991, the world became unipolar, with the USA and its allies seizing sole leadership. In his
famous book [13], Francis Fukuyama fixed that situation as “the end of history.” It was
assumed that the unipolar world order would be preserved forever, and over time would
probably lead to the collapse of nation-states and the formation of a world government with
liberal-democratic norms and rules, a capitalist market economy, and societal atomization for
all peoples.

However, Fukuyama’s conclusions were premature. As early as 1996, in the equally
famous book [14], Samuel Huntington predicted the formation of a multipolar world where
civilizations rather than nation-states would be the main actors. The idea was further
developed in several works [2,18,31]. A significant contribution to the theory of a multipolar
world was made by Alexander Dugin [12], who conducted a geopolitical analysis of the
problem and outlined ways of its conceptualization. As is now evident, the USA has failed to
retain unilateral global leadership, though the exact timeline for the formation of a multipolar
world remains unclear. Nevertheless, the rapid economic growth of China, India, and other
Asian countries, the formation of BRICS, the Shanghai Cooperation Organization (SCO),
and other associations of Southern and Eastern states, events in Ukraine and the Middle East,
and numerous internal problems of the USA and the European Union clearly indicate the
emergence and steady dynamics of the multipolarity trend.

The most important task of a multipolar world is to ensure its sustainable development.
According to a well-known definition, sustainable development is understood as “a
development that meets the needs of the present without compromising the ability of future
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generations to meet their own needs” [29]. This definition expands on the concept of “three
pillars,” distinguishing three groups of mandatory viability conditions underlying sustainable
development: social, economic, and environmental.

Numerous publications have been devoted to the theory of sustainable development
(sustainability science) in recent decades; for example, see [1,7,8,15]. Criticism of this theory
and alternative concepts were presented in [33]. The key viability conditions for sustainable
development were mathematically formalized in the monograph [3] and subsequent papers
[5,11,17].

However, this conventional approach fails to address the crucial questions: Who is
responsible for fulfilling sustainable development requirements? What motivates the
responsible party(ies)? Meanwhile, decades of experience show that without a genuinely
motivated control authority, any sustainable development strategies remain mere declarations
unrealized in practice. Therefore, according to the author’s original concept of sustainable
management [24,25,27], besides the demand to satisfy the viability conditions, it is necessary
to consider and coordinate the interests of active agents of sustainable development. Only the
joint fulfillment of system viability conditions and agents’ motivation ensures sustainable
development.

Consideration of interests and motivation links the theory of sustainable management
with contract theory and mechanism design [16,19,20], the theory of active systems, and
organizational systems management (the theory of control in organizations) [21,22].

This paper has two objectives. First, we formalize a multipolar world within the
mathematical model of an organizational system [28] at the global level (a global
organizational system). Second, we refine the sustainable management problem for a
multipolar global organizational system and discuss prospects for solving this problem. Thus,
the contribution of this paper and its novelty are the following:

— The concept of a multipolar world as a global organizational system is pioneered and
specified in mathematical model terms.

— The sustainable management problem is refined for a multipolar world.

— For this problem, solvability conditions are identified, and prospects for its solution
are revealed.

In Section 2, we specify the model of an organizational system [28] at the global level for
a multipolar world. The statement and solution of the sustainable management problem in a
multipolar world are discussed in Section 3. Section 4 concludes this work.

2. AFORMAL MODEL OF A MULTIPOLAR
GLOBAL ORGANIZATIONAL SYSTEM

The model of an organizational system in the form
(N,A,X,LLU,S,F,],R) (2.1)

was proposed in [28]. Let us specify this model for a multipolar world as a global
organizational system (GOS). For this purpose, we sequentially describe all elements of the
tuple (2.1).

N = {1, ...,n}is the set of active agents forming the composition (staff) of the GOS
control subsystem. Several points should be emphasized here.

First, the role of agents in a multipolar GOS is played by civilizations [14,12]. This
means that each agent has a complex internal structure, which cannot be reduced, e.g., to a
single state. A possible three-level structure of an agent was described in [12]. The top level
is a center of strategic decision-making (Principal) in the field of defense, transportation,
energy, interaction with other agents, etc. It can be a leading state within a given civilization
(the USA, Russia, China, India) or some special body (the European Parliament). The second
level consists of the so-called “great spaces” (Carl Schmitt's term “Grossraum’), which unite
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several states (e.g., Western or Eastern Europe). Finally, the third level is formed by
numerous and very diverse territorial communities and social groups, up to individual tribes
of archaic type. Therefore, when describing the GOS functioning, agents can be identified
with the Principals representing them, but the internal structure of an agent should be kept in
mind, as it influences goal-setting and decision-making.

Second, all agents of a multipolar world are fundamentally equal and sovereign.
However, this does not imply the absence of centralized control agents separated in the
general model [28]. Equal civilizations may find it reasonable to create some coordinating
body (an analog of the modern United Nations), whose decisions will be binding, to a certain
extent, for all agents.

Third, it is hardly possible to specify right now the exact set of agents in a multipolar
GOS. The only thing that can be said for sure is that there should be at least three agents,
which follows from the concept of “multipolarity.” Neither the current unipolar nor the
previous bipolar world fit this definition. In all likelihood, four to ten agents will emerge. An
alternative is to name the almost formed civilizations, also mentioned in [14] and confirmed
in [12]:

- Western European (now led by the USA);

- Russian;

- Chinese;

- Indian;

- Islamic;

- Japanese,

and the emerging ones:

- Latin American;

- African

(possibly, Buddhist as well).

As a matter of fact, there are various alternatives of world structuring, and it seems
reasonable to analyze them via scenario simulation. Apparently, the real picture will become
totally clear after several decades.

A ={(i,j)} is the set of different-type links between active agents, i,j € N. A digraph
D = (N, A) defines the structure of GOS links, which are determined by subordination
relations as well as by the flows of substances, energy, and information. More precisely, we
should speak of a multi-digraph, as each flow type is associated with a particular graph. A
different approach is to construct separate structural digraphs (different models) to describe
different-quality flows. In the general case, each arc is assigned a weight and each vertex a
value, which characterize the interaction structure of agents in quantitative terms.

Subordination relations arise only when the internal structure of a certain agent is
described in detail since agents are equal in their mutual relations. Therefore, the main part
of the arc set is formed by the flows of substances, energy, and information between agents.
These include: natural flows (transboundary rivers, atmospheric transfer of substances,
animal migration); transportation of oil, gas, and other minerals and raw materials, power
supply; trade flows (supply chains of goods); technology transfer; investment (financial
flows); migration flows, which are extremely significant in the modern economy and social
life; cultural interaction in various forms (exchange of works of art and literature,
information impact, educational programs, etc.).

X is the state set of the GOS controlled subsystem. It includes indicators determining the
state and functioning of the global socio-ecological-economic system. Here are some
indicators by the corresponding groups as an example.

Social: birth rate, mortality rate, natural increase rate, life expectancy, morbidity rate (the
incidence rate of disease), Gini coefficient, the proportion of low-income population (with
wages below the subsistence level), mean and median wages, unemployment rate, crime rate,
the ratio of average per capita monetary income of the population to the subsistence level,
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population aging ratio, Human Development Index (HDI), alcohol and drug consumption
rates, suicide rate, etc.

Economic: Gross Domestic Product (GDP, total and per capita), the depreciation of fixed
assets, the volume of investment in fixed assets, the share of machine building and
manufacturing in the industrial sector, the profitability of production and assets, labor
productivity, inflation rate, the share of loss-making enterprises, the share of material
production in GDP, monetization level (M2 aggregate), international reserve adequacy ratio,
the volume of total external debt, the share of imported equipment in domestic demand, the
share of imported food in the consumption structure, the share of exports in material
production, the share of foreign capital in investments, the volume of foreign liabilities of
commercial banks and other sectors, the share of overdue and non-performing foreign loans,
the share of foreign investors in the ownership structure, the share of foreign currency loans
in M2, trade balance deficit, the volume of foreign currency relative to national currency, the
share of government debt service expenditures, the share of innovation-active enterprises, the
share of new product types in the total volume of machine building, the share of intellectual
property in business value, etc.

Environmental: the share of government environmental protection expenditures in GDP,
specific energy consumption indicators, mineral loss during extraction, the volumes of
pollutant emissions, the concentration levels of pollutants in soil and atmosphere,
biodiversity characteristics, the area of erosion-prone land, etc.

Clearly, the dimension of the state vector of a global socio-ecological-economic system
can reach many thousands of elements. Therefore, one has to consider the most significant
elements depending on the objectives of a particular study.

I = I, X I; X ... X I, wherel; is the information about the GOS available to agent i. This
information contains the agent’s data regarding the actions of other agents and their payoff
functions, as well as the state of the controlled subsystem. The structure of information sets
will be specified below when describing the strategies of agents.

U=U,xU; X..xU,, where U; is the set of feasible actions of agent i. It includes all
political and economic decisions made at the top level of the agent-civilization after
multilevel coordination within the internal structure of the agent.

S=5y%X85 X..x8,, where S; is the set of feasible strategies of agent i. A feasible
strategy s; € S; is a mapping s;: I; = U; that determines the choice of a feasible action by
agent i depending on his/her available information. It is reasonable to distinguish the
following main classes of strategies.

Open-loop strategies s;:[0,00) — U;. In this case, the strategy is a function s;(t) that
depends only on time. In other words, the agent chooses an action for the entire horizon
under consideration, without changes under any circumstances. An example is legislation.

Closed-loop strategies s;: [0,00) X X — U;. Here, the strategy is a function s;(t, x(t)) that
depends both on time and the state of the controlled system. This type of function provides
feedback and the possibility of adaptation, i.e., control correction depending on the current
situation. For example, an agent can adjust its mining strategy depending on the explored
reserves.

Strategies with control feedback s;:[0,00) X U_; = U;. In this case, the strategy becomes
a function si(t, U (t), o, uimq (), ujp1 (1), ...,un(t)) that depends both on time and the
actions of other agents. For example, an agent can set customs duties depending on the
actions of its trading counterparties.

Of course, more complex (compound) strategies are also possible in practice, including
various types of feedback, the dependence on state history, etc.

F is a rule of changing the controlled subsystem states given the strategies of active
agents. It can be a system of algebraic, differential, or difference equations, or an algorithm
explicitly determining transitions between the states of this subsystem. The rule can be
treated as a generalized operator acting in the state space. The most common example is
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nonlinear functions on the right-hand side of a system of differential equations that describe
the state dynamics of the controlled subsystem.

J = o, J1, -, Jn) is the set of payoff functionals of active agents. A mapping/;: U X X —
Rdefines the payoff of agent i depending on the actions of all agents and the current state of
the controlled subsystem.

In particular, it seems reasonable to define the agent's payoff functional by utilizing the
idea of competition-cooperation (coopetition). The concept of coopetition was proposed by
Brandenburger and Nalebuff [4]. Its core is that almost all economic interactions contain
both elements of competition and cooperation. For example, two firms may compete for their
customers but join their efforts in marketing or R&D. Moreover, temporary price cartels may
be advantageous for all participants. Firms can share the accounts of their customers. A
striking example is the space cooperation between the USA and Russia. In general,
coopetition is well combined with modern ESG (Environmental, Social, Governance) trends.
No doubt, the concept of coopetition well fits a multipolar world, where civilizations
compete for definite resources but, at the same time, cooperate when dealing with global
economic, environmental, and other challenges.

A connection between coopetition and game theory was established by Okura and Carfi
[23]. Carfi and his colleagues have published many papers on the game-theoretic models of
coopetition, e.g., on coopetitive games for the sustainability of global feeding and climate
change [6]. Strategies of coopetition were also analyzed in [9,30]. The author's original
approach to coopetition modeling was presented in [26].

Note that model (2.1), as well as game theory in general, is based on the so-called
postulate of economic rationality, dating back to Adam Smith. According to this postulate,
the interests of each agent are completely described by the desire to maximize his/her payoff,
and other related considerations are neglected.

However, economic rationality is by no means exclusive. Besides economic rationality
(goal-rationality), prominent sociologist Max Weber identified three other types, namely,
value-rationality, traditional rationality, and affective rationality [32]. Value-rationality and
traditional rationality play a special role in a multipolar world, where civilizations act as
agents. Almost all civilizations, except for Western European, do not consider the
maximization of some material gain as the main goal, being oriented to other spiritual values
and cultural traditions.

The problem is that the mathematical formalization of other rationality types than
economic rationality has been underinvestigated and causes essential conceptual and
technical difficulties. One can endeavor, e.g., to minimize an objective functional
representing the difference between the current value of some indicator and its normative
(ideal) value reflecting traditional values. However, the issues of quantitative measurement
of weakly formalizable qualitative indicators arise inevitably, and this problem requires
serious study.

R is an order of functioning of the GOS, which algorithmically determines the sequence
of choosing strategies by active agents, the possible transmission of information to other
agents, and changes in the state of the controlled subsystem. Examples of such orders can be
found in [28].

In a more general stochastic formulation, model (2.1) also includes the beliefs of agents
regarding uncertainty of various types: in reality, agents do not necessarily know the exact
values characterizing the actions of other agents, their interests, and the state of the
controlled subsystem.

Then the agent’s strategy becomes a mapping s;: I; X 0 = U;, where an additional model
parameter O€() characterizes the uncertainty of the current situation. In the special case © =
0y, i1t is assumed that the agent has accurate information about the situation. Accordingly, the
agent’s payoff functional also depends on ©e€f), and the payoff is calculated using the
mathematical expectation over the set ().
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In general, the following attributes of an organizational system can be distinguished [28].

1. The activeness of agents. Each agent has an individual payoff functional J; and
independently chooses a feasible strategy s; € S;. Within the model, the optimization of the
payoff functional completely determines the agent’s interests and preferences. In particular,
agents may deliberately distort the information transmitted to other agents in their own
interests (the so-called manipulation problem of decision procedures). Other manifestations
of activeness include the far-sighted behavior of agents and their reflexion regarding their
activity and the activity of other agents.

2. Goal-setting. A GOS has a certain goal; in the general case, this goal/constraint
consists at least in fulfilling the viability condition of the GOS:

XcX* (2.2)

In other words, the values of all its essential indicators must belong to a given range. This
problem statement will be specified for a GOS in the next section.

3. Organization. A GOS (an extended active system) is formed by a control subsystem
consisting of active agents and a controlled subsystem. The controlled subsystem does not
contain active agents: it includes technical, economic, environmental, and other components
controlled by active agents. The interaction between active agents is established by an order
of functioning R and determines the dynamics of the controlled subsystem (the change of its
state x € Xover time by a rule F) and the payoffs J; of agents.

Taken together, these attributes are necessary and sufficient for a system to be called
organizational. Obviously, due to the nature of civilizations (in particular, their sovereignty
and the presence of stable systems of values and other cultural institutions), they are inherent
in a multipolar world. Therefore, a multipolar world can be considered a global
organizational system.

3. THE SUSTAINABLE MANAGEMENT PROBLEM
IN A MULTIPOLAR GLOBAL ORGANIZATIONAL SYSTEM

According to the author’s theory [24, 25, 27], sustainable development is described by

the formula
S=V+M (3.1)
where S, V, and Mdenote sustainability, viability, and motivation, respectively.

Thus, sustainable development requires the fulfillment of two groups of conditions, viz.,
viability and motivation. Viability conditions express the key requirements for the system
state that determine the content of its sustainable development. For example, the annual
growth rate of an economy must not be smaller than a given threshold; the unemployment
rate and the concentration of pollutants in the environment must not exceed admissible levels.
Such requirements must be fulfilled for all components of the system’s state vector on a
corresponding horizon (for sustainable development, a better choice is an infinite horizon),
which is formalized as Lyapunov stability. In a more stringent formulation, all values of
relevant indices must tend in the limit to some ideal values, which is defined as asymptotic
Lyapunov stability.

However, the real fulfillment of these conditions is achievable only under the motivation
of all active agents associated with and affecting the system. In mathematical formalization,
this is interpreted as the solution of a game of active agents associated with the system. The
point is that the interests of agents do not coincide, although being usually not strictly
antagonistic. Therefore, the solution of the game reflects some compromise, to a certain
extent satisfying the interests of all agents and their understanding that it is impossible to
achieve more in conflict interaction, even with elements of cooperation.

As applied to a multipolar global organizational system, the sustainable management
problem is specified as follows.

The state vector x(t)of a global socio-ecological-economic system has the form
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x(t) = (xl(t), ...,xn(t)) (3.2)
where the component x;(t) corresponds to agent i. This is a subvector of the state vector in
the zone of responsibility of agent i. Accordingly, viability conditions are formulated for
each agent separately:
VieENVtE[0 o) x(t) € X/ (3.3)
Here, each agent defines the viability domains X; independently, since they reflect
specific perceptions of a given civilization and cannot be universal. Then the viability of a
multipolar system consists of the fulfillment of the viability conditions for all its constituent
agents:
vt e [0,00)x(t) = (x.(8), .., x,(t)) €X* = Xj X .. X X7, (3.4)
Determining the viability domains of agents is a complex expert task requiring multilevel
coordination within each pole. Let us emphasize again that this approach differs from the UN
Sustainable Development Goals (Fig. 1). For example, gender equality (Goal 5) may not
meet the traditional values of some civilizations, etc.
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Fig. 1. UN Sustainable Development Goals

Further, the fulfillment of the motivation condition can be understood as finding a Nash
equilibrium in the game of agents:

Ji(u,x;) = f e P gi(u(t),xi(t)) dt - max, (3.5)
’ ul-(t) € Ui (36)
X = f(u(t),x(t)),x(O) = Xx,,1 € N. (3.7)

Here, u;is the action of agent i; g; is the current payoff function of agent i; fis a
nonlinear dynamics function realizing the change rule F; x,is initial conditions; finally, p is a
discount factor. Note that the payoff functional of agent i depends on the actions of all agents
and the single component x;of the state vector corresponding to this agent.

Nash equilibrium is a conventional solution of the normal-form differential game (3.5)—
(3.7). Recall that an action profile u € U is a Nash equilibrium(uf € NE)in this game if [10]

VieNVuy € Ui uy) = Ji(u,uy) (3.8)
where u_; = (Uq, ..., Uj—1, Uj41, -, Uy). In other words, in a Nash equilibrium, no agent
benefits by unilaterally deviating from his/her equilibrium action: a Nash equilibrium is said
to be stable with respect to individual deviations. Of course, this is not the only possible
optimality principle behind the solution of game (3.5)—(3.7), but it is the most widespread
and natural enough.

The motivation condition M can be assigned even a more stringent formalization. For
example, one may require that the game solution be not only a Nash equilibrium but also a
Pareto optimal action profile (uP® € P0) [10]. This means that

Vi € N J;(u) = J;(u"?)
—du el :{

30 € N i) > i)’ (39)
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Thus, if the game solution is Pareto optimal, then the payoff of some agent can be
increased only at the expense of reducing the payoff of another agent. That is, a Pareto
optimal action profile maximizes the payoff of the entire set of agents (social welfare).

One can go further by requiring that the game solution be a strong equilibrium (u5% € SE).
This means that it is non-beneficial to deviate from strongly equilibrium actions not only for
individual agents but also for arbitrary coalitions (subsets of agents), particularly for the entire
set of agents [10]. Thus, the concept of strong equilibrium generalizes both Nash equilibrium
(non-beneficial deviations for individual agents) and Pareto optimality (non-beneficial
deviations for the grand coalition of agents). In the case of a two-player game, we have SE =
NE N PO; under multipolarity, there are more than two agents, so SE € NE N PO.

Naturally, this approach has both advantages and disadvantages. The former are due to
the absence of a universal optimality principle in game theory. Therefore, a solution
satisfying several optimality principles simultaneously is more credible because it reflects
various complementary aspects of forming reasonable compromises. As for the
disadvantages, it is much more difficult to find such solutions, and not all games have
solutions that are Pareto-optimal Nash equilibria, and even less have strong equilibria.
Accordingly, the solution of the sustainable management problem becomes even more
complicated in a more stringent formalization.

In view of the above, we assume that the sustainable management problem of a
multipolar GOS is solvable if

uUnlU#9 (3.10)

Here, U*is the set of agent’s actions ensuring the viability conditions (3.4), andU is the
set of actions corresponding to some optimality principle, say, U = NE,U = NE n PO, U =
SE, etc.

We emphasize that U* and U are completely different, generally unrelated sets. Agents’
actions falling into the first set ensure viability V and those falling into the second set ensure
motivation M.

Of course, (3.10) is only a necessary condition for sustainable development. It is not
obvious that independent agents-civilizations will choose their actions from the set U* N U
and not just from the set U ensuing the coordination of their interests.

Therefore, there are two ways to solve the sustainable management problem. The first is
the social and environmental responsibility of civilizations: they should voluntarily and
consciously choose their actions from the set U* N U. The second is the creation of a
coordinating body (see the discussion above) to which all agents will delegate powers for
fulfilling this condition through some centralized impact.

4. CONCLUSIONS

The most important characteristic of the modern world is the collapse of the unipolar
dominance of the USA and the transition to a multipolar world order. It is crucial to identify
conditions for the sustainable development of a multipolar world system. This paper has
presented a mathematical formalization of a multipolar world as a global organizational
system based on the model [28] and analysis of the sustainable management problem
[24,25,27] for such a system.

According to Albert Einstein, a general theory is always simpler than applications.
Therefore, an attempt to apply model (2.1) to reality, in one or another interpretation, is an
extremely difficult challenge. In particular, it is impossible to give an illustrative example, as
it will inevitably turn out to be either over-simplified or immensely complicated. For this
reason, the paper is more of a research program that sets the stage for further detailed study
of this challenge. Nevertheless, the solution of such problems seems to be very useful for
scientific analysis of the transition to a multipolar world and ensuring its sustainable
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development. The tragic alternative here could be a third world war with the use of nuclear
weapons, which would inevitably lead to a fatal outcome.

The sustainable development of a diverse multipolar world is quite possible, although it
requires substantial efforts. Will the unified Humanity ever become a subject of sustainable
development? This question is currently open.
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