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Abstract. The article considers the possibilities of using meta-heuristic optimization methods in 
modern machine linguistics in the conditions of SHIVA and WARMI worlds. The main meta-heuristic 
algorithms and their use for optimizing language models, tuning hyperparameters, and increasing 
the efficiency of natural language processing systems are analyzed. The prospects for integrating 
meta-heuristic methods with modern artificial intelligence technologies are substantiated. 
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Introduction. Modern machine linguistics is experiencing one of the most 

intensive stages of its development, due to the rapid progress of artificial intelligence, 
computational linguistics, big data analysis and generative technologies [1]. If for 
several decades the main attention was paid to the automation of individual linguistic 
processes - morphological analysis, syntactic parsing, machine translation or 
information search, now there is a transition to the creation of intelligent language 
ecosystems capable of performing complex processing of natural language, modeling 
linguistic behavior of decision-making in various subject areas = machine linguistics 
is gradually transforming from a relatively narrow discipline into one of the key areas 
of modern science of artificial intelligence [2].  

At the same time, the requirements for the efficiency, adaptability, comprehensibility 
and computational stability of intelligent language models are growing significantly. 
Modern natural language processing systems operate under conditions of continuous 
increase in the volume of text information, high dynamics of language changes, 
emergence of new terminological systems, multilingualism, multiculturalism and the 
need to process heterogeneous data types [3]. Scaling of large language models, 
complication of their architectures and expansion of the spectrum of solved tasks 
objectively lead to a significant increase in the computational complexity of the 
processes of training, tuning and operation of such systems, which makes the problem 
of intelligent optimization [4] one of the central ones in modern machine linguistics. 

The rapid development of artificial intelligence, Natural Language Processing 
technologies and generative language models has radically changed modern machine 
linguistics. If earlier the main attention was paid to increasing the accuracy of individual 
text analysis algorithms, today the tasks of intelligent optimization of complex multi-
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level language systems operating in conditions of high environmental dynamics are 
becoming relevant. Such conditions are increasingly described by the concepts of the 
SHIVA-world (Split, Horrible, Inconceivable, Vicious, Arising) and the WARMI-world 
(Wickedness, Agility, Randomness, Mutability, Interdependence), which reflect a 
qualitatively new level of uncertainty, turbulence, nonlinearity and interdependence. 

Modern language models contain billions of parameters, and the processes of their 
training, tuning, adaptation and application require solving large-scale optimization 
problems. Classical methods of mathematical optimization in many cases turn out to be 
insufficiently effective due to the huge dimensionality of the search space, nonlinearity 
of objective functions, multi-criteria and high computational complexity [5]. In these 
conditions, meta-heuristic optimization methods [6], based on the use of universal 
strategies for finding approximately optimal solutions, become particularly relevant. 

The Main Part. Modern machine linguistics has long gone beyond the 
boundaries of classical automatic translation or morphological analysis of text: it 
includes intelligent processing of large data corpora, machine translation, automatic 
summarization, knowledge acquisition, information retrieval, sentiment analysis, text 
generation, question-answer systems, dialogical intelligent agents, multimodal models 
and large language models (LLM). 

Practically each of the listed tasks involves the need to optimize a large number 
of parameters [7]. For example, when training neural language models, it is necessary 
to determine optimal architectures, select hyperparameters, minimize error functions, 
improve the quality of text generation, and at the same time reduce computational 
costs. This is where the effectiveness of traditional methods is significantly reduced 
due to the large number of local extrema, nonlinearity of functions and the 
impossibility of complete enumeration of options [8]. 

Meta-heuristic methods are fundamentally different in that they do not require 
strict mathematical models of the studied task. They use intelligent global search 
strategies that allow finding high-quality solutions in extremely complex state spaces. 
This significantly increases the efficiency of tuning modern language models. 

Of particular interest are genetic algorithms that simulate the processes of natural 
evolution [9], they are successfully used for automatic selection of neural network 
architectures, selection of the most informative features, optimization of feature space 
dictionaries, improvement of machine translation quality and tuning of parameters of 
large language models. 

Particle Swarm Optimization algorithms based on the collective behavior of 
biological populations are no less promising. Their advantage is a high convergence 
rate and the ability to efficiently search in multidimensional spaces. In NLP tasks, such 
methods are used to optimize the parameters of deep neural networks, thematic 
modeling, document clustering and search for optimal embeddings. 
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Ant algorithms demonstrate high efficiency in solving combinatorial problems of 
machine linguistics. They are successfully used in automatic syntactic analysis, 
construction of optimal text processing routes, extraction of key concepts and 
structuring semantic networks. 

Simulated annealing algorithms allow to significantly reduce the probability of 
falling into local minima during training of complex language models. Due to the 
gradual decrease in the probability of random changes, a stable search for globally 
more efficient solutions is achieved. 

Hybrid meta-heuristic technologies that combine several algorithms simultaneously 
are becoming increasingly popular [10]. For example, the combination of genetic 
algorithms with gradient learning allows to significantly accelerate the process of tuning 
neural networks, while simultaneously improving the quality of their training [11]. Particle 
swarm methods with differential evolution, memetic algorithms with local search, as well 
as evolutionary computations with deep learning technologies are combined in a similar way. 

In the conditions of the SHIVA-world, the requirements for language systems 
become much stricter. It is necessary to quickly adapt to constantly changing 
information flows, quickly respond to the emergence of new language constructs, take 
into account the cultural and social characteristics of different regions, and ensure the 
resistance of models to information attacks and disinformation. 

But the WARMI-world concept assumes an even greater level of complexity. 
Here, uncertainty ceases to be a temporary factor and becomes a fundamental 
characteristic of the environment. Language models must continuously retrain, 
independently adapt to changing conditions, work effectively with incomplete data, 
and maintain stability even when fundamentally new language phenomena arise. 

It is meta-heuristic optimization that provides the necessary flexibility of such 
intelligent systems. Instead of searching for a single optimal solution, modern 
algorithms form a multitude of competitive alternatives, which significantly increases 
the resistance of language models to changes in the external environment. A 
particularly promising direction is the integration of meta-heuristic algorithms with 
technologies of self-learning, reinforcement learning, federated learning, and artificial 
intelligence agent systems [12]. Such hybrid intelligent complexes are able to 
independently choose the most effective strategies for processing speech information 
depending on the nature of the incoming data and the current operating conditions. 

Conclusions. Meta-heuristic optimization is becoming one of the key tools for the 
development of modern machine linguistics. Its use allows for effective solutions to 
complex multi-criteria tasks that arise during training, tuning and operation of intelligent 
language systems, for which the use of classical optimization methods is insufficient. 

In the conditions of the SHIVA and especially the WARMI world, the importance 
of meta-heuristic technologies is significantly increasing due to the need to ensure high 
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adaptability, stability, scalability and the ability of language models to function in conditions 
of constant uncertainty, turbulence and dynamic changes in the information environment. 

Prospects for further research are related to the development of hybrid intelligent 
methods that integrate meta-heuristic optimization, deep learning, large language 
models, multi-agent technologies, reinforcement learning and self-adaptive artificial 
intelligence systems. It is such complex solutions that are able to provide a qualitatively 
new level of efficiency of machine linguistics in the conditions of the formation of a 
new generation global digital ecosystem. 
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