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Abstract. The article considers the ©possibilities of using evolutionary
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advantages of evolutionary computing in solving multi-criteria management problems
are substantiated and the prospects for their integration with artificial
intelligence and digital transformation technologies are determined.
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Introduction.

The current stage of the development of the world economy
is characterized by a qualitative complication of the
environment in which organizations operate [11, in
particular: acceleration of innovative technological changes
[2], and, 1in particular, the intensification of global
digitalization processes, instability of international
markets and increased competition (especially in the service
sector [3], [4]), geopolitical and regional tensions (and
therefore the complex transformation of supply chains),
climate challenges and, 1in general, an increase 1in the
frequency of crisis phenomena of various modalities = form a
new managerial reality [5]. Its special features are high
uncertainty, turbulence, nonlinearity and interdependence of

economic processes [6]. In these conditions, traditional
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methods of optimizing management decisions, based mainly on
deterministic mathematical models, increasingly demonstrate
limited effectiveness due to the inability to quickly adapt
to rapidly changing parameters of the external environment
[(71.

These trends are especially clearly manifested in the
transport and logistics industry [8], where the efficiency of
activity 1s determined by the need to simultaneously take
into account a large number of interdependent factors: demand
dynamics, transport availability, resource limitations,
fluctuations in transportation costs, time constraints, the
risk of supply disruption, infrastructure capacity and a
variety of random influences. As a result, optimization tasks
acquire a multi-criteria nature and are characterized by
extremely high computational complexity [9].

In such conditions, scientific and practical interest in
evolutionary optimization technologies (evolutionary
computing) is growing, which is a class of intelligent
metaheuristic methods for finding solutions based on modeling
the mechanisms of natural evolution [10]. Due to the ability
to effectively explore large search spaces, adapt to changing
system operating conditions and find <close to optimal
solutions in high-dimensional problems, evolutionary
algorithms are becoming an important tool for innovation
management [11].

That is why the purpose of this article is to investigate
the ©possibilities of applying evolutionary optimization
technologies in innovative management of the transport and
logistics industry, analyze their advantages in conditions of
high uncertainty and systemic risks, and determine the
prospects for the further development of these technologies
in the context of the digital transformation of logistics
systems.

Main Part.

Considering the above in the introduction, it is clear
why metaheuristic optimization methods have received special
development in recent decades, among which evolutionary
computing technologies occupy one of the leading places [12].
Their fundamental feature is the rejection of a complete
enumeration of possible solutions in favor of an intelligent
search based on probabilistic mechanisms of self-organization
and adaptation [13]. Unlike deterministic algorithms,
evolutionary methods allow to work effectively even in the
absence of an analytical description of the objective
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function, the presence of a set of local extrema and a high
dimensionality of the search space.

Currently, evolutionary computing combines a wide range
of algorithmic directions; the most common are: genetic

algorithms, evolutionary strategies, evolutionary
programming, genetic programming, differential evolution,
memetic algorithms and methods of multi-objective

evolutionary optimization. Despite the differences 1in the
mechanisms for forming new solutions, all of the above
approaches implement the general principle of adaptive
search, in which the accumulated information about the quality
of previous solutions 1is used to generate subsequent,
potentially more effective alternatives.

For innovative management, the ability of evolutionary
algorithms to simultaneously take into account many
efficiency criteria is important. In real management tasks,
achieving one goal 1s almost always accompanied by a
deterioration in other indicators. For example, minimizing
transportation costs can lead to an increase in delivery time,
while maximizing the level of customer service often requires
an increase in operating costs. Similar contradictions arise
between the reliability of the logistics network, the speed
of order processing, the level of inventory, the environmental
sustainability of transportation, and the efficiency of using
transport resources.

Unlike traditional methods focused on finding a single
optimal solution, modern technologies of multi-objective
evolutionary optimization allow you to form many Pareto-
efficient alternatives, each of which is a certain compromise
between conflicting criteria. This approach significantly
expands the possibilities of innovative management, as it
provides managers with the opportunity to choose a development
strategy taking into account the current priorities of the
organization, external constraints and predicted scenarios of
changes in the market environment.

In addition, evolutionary algorithms have a pronounced
adaptability. When external conditions change, the search
process does not start anew, but continues using already
accumulated information about the structure of the solution
space. This ensures a significantly higher stability of the
management system to unexpected changes in the environment
compared to most classical optimization methods.

The modern transport and logistics industry is one of the
most complex areas of application of intelligent optimization
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methods. Its functioning is determined Dby the constant
interaction of a large number of participants in the logistics

network, including manufacturers, suppliers, transport
operators, warehouse complexes, distribution centers,
terminals, information platforms and end users [14]. Each

element of this system is characterized by its own development
dynamics, resource limitations and significant dependence on
external factors, as a result of which the process of making
management decisions acquires a multidimensional character
[15]. Evolutionary optimization technologies acquire
particular relevance under the conditions of transformation
of global supply chains [16]. In recent years, the world
economy has faced a whole range of systemic challenges,
including pandemic restrictions, geopolitical instability,
armed conflicts, energy crises, inflationary processes,
disruption of the functioning of transport corridors, changes
in the structure of international trade and increased
requirements for the environmental sustainability of
logistics [17]. As a result, traditional planning models,
focused mainly on environmental stability, are increasingly
proving to be insufficiently effective.

That 1is why modern innovative management 1is gradually
moving from the concept of static optimization to the concept
of continuous adaptation of management decisions. If earlier
the main task was to find a single optimal option for the
functioning of the logistics system, today the ability of the
system to quickly rebuild itself when new restrictions arise,
a change 1in the structure of demand or the occurrence of
emergency situations is becoming much more important.

One of the most common areas of application of
evolutionary computing 1s the optimization of transport
routes. Classical vehicle routing problems belong to the
category of NP-hard problems, for which a complete search of
options is practically impossible even for a relatively small
number of service objects. Genetic algorithms allow for the
effective formation of delivery routes taking into account
numerous constraints, including wvehicle carrying capacity,
customer service time windows, traffic conditions, order
priority, <fuel cost, transport infrastructure wutilization
level and the possibility of delays. The use of population
search provides the ability to study a large number of
alternative solutions simultaneously, significantly
increasing the possibility of finding options close to the
global optimum.

This work is distributed under the terms of the Creative 1 3 5
Commons Attribution-ShareAlike 4.0 International License
(https.//creativecommons.org/licenses/by—sa/4.0/).



Proceedings of the 10th International
Scientific and Practical Conference

«Experimental and Theoretical NO

Research in Modern Science» 30 1

(July 16-18, 2026). | G
Toronto, Canada NTER ONF

SoenTIF PubLiHNG CenTe

INFORMATION AND WEB TECHNOLOGIES

An equally important area 1is supply chain management.
Modern logistics networks operate in conditions of constant
change in demand volumes, instability of raw material
supplies, fluctuations in transport tariffs and a high
probability of disruption of individual links in the supply

chain. Evolutionary algorithms allow to simultaneously
optimize the levels of safety stocks, distribution center
locations, purchase volumes, delivery schedules and

distribution of transport flows, minimizing the total
logistics costs while maintaining the required 1level of
service reliability.

The use of multi-objective evolutionary optimization 1is
of particular importance, since the efficiency of modern
logistics 1is determined not by one, but by a set of
interdependent criteria. In addition to minimizing costs, it
is necessary to take into account the speed of delivery, the
stability of supply chains, the level of customer service,
the level of transport capacity utilization, environmental
indicators, energy consumption and the carbon footprint of
transportation. The formation of a set of Pareto-efficient
solutions allows managers to choose the most rational strategy
for developing the logistics system depending on the current
priorities of the enterprise and environmental changes.

An important advantage of evolutionary computing is 1its
ability to integrate with other digital technologies. As the
concept of digital transformation of enterprises develops,
evolutionary algorithms are increasingly used together with
technologies of artificial intelligence, machine learning,
big data analysis, digital twins and Internet of Things. Such
integration significantly expands the possibilities of
intelligent management of logistics processes.

It should be noted that the modern external environment
is increasingly described by the concepts of VUCA, BANI, SHIVA
and WARMT , which reflect the growing instability,
nonlinearity, fragility and unpredictability of socio-
economic processes. In such conditions, the importance of not
so much the search for an absolutely optimal solution as
ensuring the stability of the system's functioning in the
implementation of various scenarios of events increases. That
is why innovation management 1is gradually moving from
classical optimization to adaptive management, which is based
on the constant revision of management decisions and the
continuous search for new alternatives.

Evolutionary computing fully corresponds to this
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management paradigm. Due to the probabilistic nature of the
search, high adaptability, the ability to work with incomplete
information and take into account a large number of criteria
at the same time, they provide significantly higher resistance
of logistics systems to the influence of external risks. At
the same time, the effectiveness of their application
increases as they are integrated with modern technologies of
artificial intelligence, cognitive analytics, digital
platforms and intelligent decision support systems.

At the same time, the use of evolutionary optimization is
not without certain limitations. The quality of the obtained
solutions significantly depends on the correctness of the
choice of the structure of the solution representation, the
setting of population parameters, selection, mutation and
crossover operators, as well as the criteria for assessing
fitness. In addition, the computational complexity of
individual tasks may require the use of high-performance
computing platforms and parallel computing. However, the
development of cloud technologies, distributed computing
architectures and specialized hardware accelerators 1is
gradually removing these limitations, expanding the
possibilities o0of ©practical application of evolutionary
computing in the intelligent management of complex transport
and logistics systems.

Conclusions.
The conducted research allows us to conclude that
evolutionary optimization technologies (evolutionary

computing) are becoming one of the promising areas of
development of modern innovative management under conditions
of qualitative complication of the environment of functioning
of socio-economic systems. Unlike traditional methods of
mathematical optimization, focused mainly on solving static
problems 1in the presence of rigidly specified parameters,
evolutionary algorithms provide adaptive search for rational
solutions in conditions of multi-criteria, incomplete
information, high dimensionality of the search space, dynamic
change of constraints and influence of numerous uncertainty
factors.

Using the example of the transport and logistics industry,
it is shown that the use of evolutionary computing allows to
significantly increase the efficiency of management of
complex logistics systems by optimizing transportation
routes, changing supply chains, distributing transport and

warehouse resources, managing inventories, forming
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sustainable logistics networks and supporting the adoption of
strategic ones. These technologies are of ©particular
importance in the context of continuous market changes,
disruption of global supply chains, increased geopolitical
instability, increased systemic risks and the need for
operational adaptation of organizations to new Dbusiness
conditions.

It has been established that one of the key advantages of
evolutionary optimization is the ability to simultaneously
take into account many conflicting efficiency criteria. The
formation of a set of "Pareto-efficient" solutions provides
innovative management with a significantly higher level of
flexibility compared to the use of single-criteria
optimization methods, as 1t allows choosing management
solutions taking into account the strategic goals of the
enterprise, resource constraints, the level of acceptable
risk and predicted scenarios for the development of the
external environment.

The prospects for further development of evolutionary
computing are directly related to their integration with
technologies of artificial intelligence, machine learning,
big data analysis, digital twins, the Internet of Things,
multi-agent systems and cloud computing. The formation of
intelligent hybrid decision support systems opens up
opportunities for the creation of self-adaptive management
mechanisms capable of continuous optimization of logistics
processes in real time.

Thus, in the current conditions of the formation of a new
management paradigm, caused by high uncertainty, turbulence,
nonlinearity and systemic risks, evolutionary optimization
technologies are transformed from a specialized computational
tool into one of the basic elements of digital innovation
management. Their further development and practical
implementation can provide a significant increase in the
stability, adaptability, efficiency and competitiveness of
transport and logistics systems, as well as create a
methodological basis for the formation of new generation
intelligent management models focused on functioning in
conditions of continuous environmental changes.
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