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ABSTRACT:
The article describes a new management
decision-making method for resolving
international conflicts based on a multi-
agent approach. The purpose of the paper
is to summarize scientific achievements
and develop methods for intelligent
decision support in the management of
international conflicts based on multi-
agent technologies. The main research
methods include systemic analysis and
mathematical modeling, multi-agent
approach, using scientific findings
obtained in political science and conflict
management. Intelligent models are
based on different approaches: neural
networks, genetic algorithms, fuzzy sets.
Keywords: modeling, forecasting,
management, system, international
conflict, dynamics

RESUMEN:
El artículo describe un nuevo método de
toma de decisiones de gestión para
resolver conflictos internacionales
basados en un enfoque de múltiples
agentes. El propósito del documento es
resumir los logros científicos y desarrollar
métodos para el apoyo a la toma de
decisiones inteligentes en la gestión de
conflictos internacionales basados en
tecnologías multiagente. Los principales
métodos de investigación incluyen análisis
sistémico y modelos matemáticos,
enfoque multiagente, utilizando hallazgos
científicos obtenidos en ciencias políticas
y manejo de conflictos. Los modelos
inteligentes se basan en diferentes
enfoques: redes neuronales, algoritmos
genéticos, conjuntos difusos.
Palabras clave: Modelado, pronóstico,
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gestión, sistema, conflicto internacional,
dinámica

1. Introduction
The purpose of the research is to form a new concept and model for the
operational management of international conflicts by means of multi-
agent systems that would enable to reduce the labor intensity of
management processes and the duration of management cycles as a
result of the use of intelligent decision-support tools and organizational
procedures.
The developed multi-agent system for managing an international conflict
is distinguished by the specifics of rapidly developing international
conflicts and the presentation of each control element in the form of
dynamic profiles. The subjects of the mechanism have inertial properties,
and therefore, it is necessary to build the profile of dynamic actions of
functional components, as self-managed agents, with certain
assumptions, and also to identify dynamic models of each subject of
functional components separately.
The elements of the Operational Management (OM) mechanism in a
multi-agent system are agents who make and execute decisions, as well
as report on the work performed to the center.
The application of a multi-agent approach in modeling management
processes for complex dynamic objects under uncertainty contributes to
increased management efficiency, by virtue of providing the ability to
analyze changes in the properties of the object being studied when
selecting control actions, which is caused by the reduction in time
required for managerial decision making (Muda et al., 2019). Thereby,
the quantitative indicators of the activities of the international conflict
management system are improved: the labor intensity of management
processes and the duration of management cycles are reduced as a result
of the use of intelligent decision-support tools and organizational
procedures (Feng et al., 2016).
The advantage of the multi-agent approach lies in high performance and
efficiency due to asynchronous and parallel execution of processes, in
fault tolerance and reliability, since the entire system continues to
operate if one of its components fails, in scalability and flexibility, owing
to the possibility of adding new agents to the system. Our method for
process modeling to manage complex dynamic objects in the conditions
of uncertainty promotes an increase in management efficiency, by virtue
of providing the ability to analyze changes in the properties of the object
under study when choosing control actions by reducing the time required
for decision making. As an example, we will illustrate the proposed
method by solving the managerial problem of determining the type of
international conflict, the number of functional units involved in conflict
management, the speed of conflict management activities, and the
allocation of necessary resources.



The development of an organizational and functional system of
operational management in the conditions of international conflicts based
on a multi-agent approach is the conceptual framework of the study. The
multi-agent information technologies are dealt with by Menga et al.
(2019), Rizvanov and Yusupova (2015), Nagoev (2012), Shvetsov and
Dianov (2015), Avdeenko and Vasilyev (2010), Aksenov et al. (2011),
Alibekov and Mamaev (2017), Antonova and Aksenov (2012), Bogdanova
et al. (2014), Shunkevich (2013). The use of multi-agent systems in
decision making in various areas was considered by Nagoev et al. (2017),
Avdeenko and Vasilyev (2010), Samorodov (2012), Zraenko et al.
(2009), Skobelev (2013), Vittikh et al. (2002). The application of neural
networks for the collective solution of intellectual problems is described
by Bova and Dukkardt (2012). Current problems of practical use of multi-
agent systems are reflected by Kulba and co-authors (2013), Inozemtsev
and Dmitriev (2012), Rizvanov (2016), Yatsenko (2014).
The prospects for the application of intelligent technologies to solve
security problems are discussed by Garbuk (2016). It is proved by
Nagoev et al. (2017) that the multi-agent neurocognitive architecture is
an effective formalism for describing the semantics of the spatial
localization of events. A generalized algorithm based on a multi-agent
approach was proposed by Rizvanov and Yusupova (2015) for solving the
problem of resource management, taking into account the semantic
constraints of the domain.
Multi-agent management systems are created using the methods of
game theory, cooperative problem solving based on distributed artificial
intelligence, collective behavior of machines, scheduling theory, optimal
planning and adaptive control. The above methods are presented by
Menga et al. (2019), Zheng et al. (2019), Gelaim et al., (2019), Bychkov
et al. (2014), Kovalenko et al. (2019), Nagoev (2012). Note that the use
of multi-agent systems can reduce the labor intensity of management
processes, the duration of management cycles, organizational
procedures, and the time for making managerial decisions.

2. Methodology
Systemic analysis, mathematical modeling, and multi-agent approach,
using scientific findings obtained in political science and conflict
management are the primary research methods. Let us schematically
represent the agent system for international conflict (IC) management
and resolution in Figure 1.
At the first stage, we define the set Х = {Xi} of parameters determining
the state of the critical agent, where:





Figure 1
Agent system for IC management and resolution



Figure 2 shows a combination of a multi-agent approach and an
integrated management organization principle in the IC as a profile of
ternary graphs, where each graph is a basic part of the whole
mechanism.

Figure 2
Profile of integrated 

management and regulation of IC







All operational management systems have a combined control principle,
which means that feedback control is combined with open-loop control.
The interrelation of the head management element (hereinafter referred
to as the IC HME) with the functional units contains the following main
provisions. Firstly, the IC HME manages the functional component (FC)
through planning and allocating funds upon FC requests. Also, the IC
HME is the center for the supply of resource sources to provide the FC
operation. FC, in turn, carrying out the planned scope of work using the
resources provided, submit the data on the funds used and form the
subsequent requirements.
At their discretion FCs allocate the HME requirements for the planned rate
of resource expenditure, taking into account the conflict potential, the
available funds, and the required rate of the IC regulation.



It follows from the above that it is possible to model the probable
directions of IC and to construct the IC OM mechanism, which reveals the
value of each agent in the management algorithm, as well as the effect of
management deficiencies on the final result.

3. Results
The following basic results were obtained in the study:
1. The principles, requirements and stages of IC modeling have been
formulated that are necessary for the qualitative and timely management
of the conflict process and decision-making on its regulation, enabling to
investigate the conflict as a dynamic, multilateral and complex process,
taking into account the risk of IC occurrence.
2. An agent-based IC management and resolution system has been
developed based on a multi-agent approach.
3. Formulas (5-8) were used to obtain transient curves for the resolution
of a bilateral IC on the basis of computational simulation in the MATLAB
9.3 environment.
4. A software complex “IC plus” has been developed.

Figure 3
Transition processes to resolve a bilateral international 
conflict during the autonomous operation of two FCs:

a) Changes in the indicators IC/1 and IC/2 during 
liquidation and change in the damage O1 and O2;

b) Total damage from the international conflict



-----
Figure 4

Transition processes to resolve a bilateral
international conflict by three FCs:

а) Changes in the indicators IC/1 and IC/2 during liquidation 
and total damage from the international conflict;

b) Change in the damage O1 and O2;



Based on computational simulation in the MATLAB 9.3 environment,
transient curves for the IC resolution were obtained according to the
resolution of the MC. The obtained simulation results were analyzed for
each curve.
Figure 3 shows the transient processes when resolving a bilateral IC,
taking into account the autonomous operation of several functional
components. The curves reflect the effectiveness of the activities of the
functional components at certain points in time (F). At F = 2, the rate of
rise in IC/2 is equal to zero, and at F = 1.5, IC/1 is equal to zero, which
means that the IC is effectively resolved with the autonomous functioning
of both FCs. And here the damage from IC/1 makes 4 units, the damage
from IC/2 amounts to 26 units, with the total damage being 30 units.
Figure 4 shows the transition processes when resolving a bilateral IC, in
which the first FC and the second FC act independently of each other, and
the third FC regulates the part of the international conflict that is rapidly
developing or carries a greater degree of threat.
It is clear from the presented figures that in case of the autonomous
functioning of two FCs and the participation of the third FC the damage
from the first IC amounts to 3.3 units, the damage from the second IC



makes 4.8 units, with the total damage from the conflict being 8.1 units,
i.e., it is reduced by more than half.
This means that the use of three FCs causes the greatest efficiency in
resolving a bilateral IC. With the use of three FCs for IC resolution, the
maximum positive effect is observed.
Therefore, it can be concluded that the models presented describe the
dynamics of development and resolution of a bilateral conflict by several
FCs, enable to assess damages inflicted and make the right managerial
decision on the conflict situation.

4. Conclusions
The practical significance of the study lies in the new scientific results in
the field of studying complex dynamic systems, which are international
conflicts operating under uncertainty, identifying links and regularities
that enable to formalize and organize decision support by government
bodies on international conflicts. And also its significance is determined
by the solution of the important problem of improving information
support of the decision-making process in the field of forecasting
international conflicts.
The presented computational simulation of the process of managing
international conflicts is based on the implementation of a new approach
consisting in the purposeful selection of the parameter values of the state
of the resource support system used in the regulation of IC with a
comprehensive account of factors determining the magnitude of possible
damage from the IC.
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