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Abstract. The article examines the features of the application of evolutionary optimization
strategies in modern machine linguistics under conditions of uncertainty, turbulence, and systemic
risks. Their capabilities in optimizing language models, natural language processing, and
integration with artificial intelligence technologies are shown. The prospects for the use of
evolutionary computing in modern digital philology are determined.
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Introduction.

Modern machine linguistics is experiencing a stage of intensive development [1],
caused by the rapid complication of natural language processing tasks [2], the constant
increase in the volume of unstructured text data, the spread of multilingual digital
corpora and the active introduction of intelligent technologies into various spheres of
social activity [3]. Modern philology is increasingly becoming an interdisciplinary
field of knowledge that combines methods of linguistics, computer science, artificial
intelligence, mathematical modeling and data analysis [4]. At the same time, the quality
of intelligent language systems is determined not only by the perfection of the machine
learning models used, but also by the effectiveness of the procedures for their tuning,
optimization and adaptation to constantly changing operating conditions [5].

The development of the modern external environment, characterized by high
dynamics of uncertainty, turbulence and systemic risks [6], gives additional relevance
to this issue. Modern researchers are increasingly considering the evolution of socio-
economic and information systems through the prism of the concepts of the SHIVA
and WARMI worlds, which reflect the growing nonlinearity of processes, the
instability of information flows, the acceleration of technological change, the
emergence of new digital threats and the need for continuous adaptation of intelligent
systems. In such conditions, traditional optimization methods increasingly demonstrate
limited effectiveness due to the high dimensionality of the search space, the large
number of local extrema and the complexity of modern deep learning models [7].

One of the most promising directions for solving such problems is evolutionary
optimization strategies, which are a class of evolutionary computing methods based on
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the principles of natural selection, adaptation and self-organization [§]. Unlike classical
local optimization algorithms, evolutionary strategies are able to effectively explore
complex multidimensional parameter spaces, ensuring the search for solutions close to
globally optimal in the absence of a rigorous analytical model of the process under study.

The use of evolutionary strategies is of particular importance in modern machine
linguistics [9], where there is a need to optimize neural network architectures,
hyperparameters of language models, learning mechanisms, processing large text
corpora, automatic translation, semantic analysis, knowledge acquisition and natural
language generation [10]. The purpose of this article is to study the features of using
evolutionary optimization strategies in modern machine linguistics, to determine their
advantages, limitations and prospects for application in conditions of dynamic
uncertainty, high turbulence and systemic risks of modern digital philology.

THE MAIN PART.

I. Application of evolutionary strategies in modern machine linguistics.

Modern machine linguistics is characterized by extremely high dimensionality of
optimization problems. Even relatively simple text processing models contain
thousands of interconnected parameters, while modern transformer architectures
operate with billions of adjustable coefficients.

Evolutionary strategies allow to effectively solve a wide range of such problems.

They are primarily used for automatic selection of hyperparameters for language
models. Learning speed, packet size, network depth, number of layers, activation
functions, regularization parameters and many other characteristics directly affect the
quality of model training. Evolutionary algorithms allow to automatically find the most
effective combinations without an exhaustive list of possible options.

An equally important area is the optimization of neural network architectures.
Instead of manually designing the model structure, evolutionary strategies allow to
automatically generate the most effective architectures, ensuring high accuracy of
natural language processing with minimal computational effort.

The application of evolutionary strategies in training large language models is of
considerable interest. At different stages of training, there is a need to find an optimal
balance between model quality, training speed, computing resources and power
consumption of computing systems. In addition, evolutionary methods are used for
automatic generation of feature dictionaries, selection of the most informative
linguistic characteristics, construction of semantic representations of text, optimization
of machine translation algorithms, automatic document generalization, thematic
modeling and analysis of the emotional content of texts.

II. The role of evolutionary strategies in the SHIVA and WARMI worlds.

The modern digital environment is characterized by constantly changing
information flows. New terms, professional vocabulary, Internet slang, new linguistic
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constructions and communication methods appear every day. As a result, language
models need constant adaptation to changing operating conditions.

The SHIVA world concept reflects the high rate of change, uncertainty, hyper-
competition, nonlinear processes and rapid obsolescence of accumulated knowledge.
The WARMI world concept complements this picture with the growing
interdependence of information processes, the growing intellectualization of the digital
economy and the need for highly adaptive computing systems.

In such conditions, the effectiveness of language models is determined not only
by their initial quality, but also by the ability to quickly adapt to new data. It is here
that evolutionary strategies demonstrate one of their most important advantages.

Thanks to population-based search, they are able to constantly adjust the model
parameters, adapting them to new types of texts, changes in subject areas, the
emergence of new linguistic constructs and changes in the structure of digital corpora.
This adaptability significantly increases the resistance of intelligent systems to external
disturbances and reduces the impact of systemic risks.

I11. Integration of evolutionary strategies with modern artificial intelligence
technologies.

The most promising direction of development of modern machine linguistics is
the integration of evolutionary strategies with other intelligent technologies.

Hybrid models that combine evolutionary computing and deep learning
demonstrate high efficiency. In such systems, evolutionary algorithms perform a global
search for optimal solutions, while gradient methods provide local tuning of neural
network parameters.

A promising combination is the combination of evolutionary strategies with
reinforcement learning technologies. Such systems are able to simultaneously adapt
the model to new data and optimize the decision-making strategy in the process of
interaction with the environment.

Great prospects open up when evolutionary computing is used together with big
data technologies, intelligent analytics, cloud computing, distributed computing
platforms, and generative language models. Such integration allows us to significantly
improve the quality of natural language processing, reduce model training time, and
ensure more efficient use of computing resources.

IV. Advantages and limitations of evolutionary strategies.

Despite the obvious advantages, the use of evolutionary strategies has certain limitations.

The main advantages include high resistance to local extrema, no need to calculate
derivatives, the ability to optimize complex multi-criteria functions, effective work with
multidimensional search spaces, and high adaptability to changing operating conditions.

At the same time, these methods require significant computing resources when
processing very large models, can be characterized by a relatively long search time for
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the optimal solution, and require a competent choice of parameters of the evolutionary
strategy itself. However, the continuous development of high-performance computing,
cloud technologies, and specialized hardware accelerators is gradually reducing the
impact of these limitations.

Current research suggests that it is hybrid intelligent systems that combine evolutionary
strategies, deep learning, machine learning methods, and intelligent data analytics that
will determine the further development of digital philology and machine linguistics.

Conclusions.

Modern machine linguistics is developing in conditions of high dynamics of
uncertainty, technological turbulence and growing systemic risks, which requires the
implementation of new intelligent optimization methods capable of functioning
effectively in complex multidimensional information environments.

The analysis shows that evolutionary optimization strategies are one of the most
promising areas of development of intelligent computing technologies. Thanks to the
use of the principles of natural evolution, they provide an effective search for optimal
solutions in the tasks of tuning language models, optimizing neural network
architectures, automatic selection of hyperparameters, text analysis and natural
language processing.

Evolutionary strategies acquire particular value in the conditions of the concepts of
the SHIVA and WARMI worlds, where the key requirements are adaptability, stability,
self-organization and the ability of intelligent systems to respond promptly to changes
in the digital environment. Their integration with deep learning, generative artificial
intelligence, big data analysis, and intelligent analytics technologies forms the basis of a
new generation of adaptive machine linguistics systems. Prospects for further research
are related to the development of hybrid intelligent models that combine evolutionary
strategies, modern artificial intelligence methods, distributed computing, and self-
learning language models to create highly efficient digital tools for modern philology,
capable of functioning in conditions of ever-increasing information complexity.
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