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Abstract. Mathematical programming (or optimization) is a key tool in solving many 
problems of philology and machine linguistics. His methods are used to analyze textual data, 
develop natural language processing (NLP) models, and create automated language processing 
systems. This approach makes it possible to formulate complex language tasks as optimization tasks 
that can be effectively solved using modern algorithms. 

The article presents the results of a study of the use of mathematical optimization in modern 
philology, in particular, the relevance and importance of mathematical programming both for 
applied problems of machine linguistics and in modern philological scientific and practical 
research is proven; appropriate cybernetic methods and algorithms of mathematical programming 
for mathematical linguistics are determined; proposed main areas of application of mathematical 
optimization in philology; successful cases were analyzed. 
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Introduction. 

Mathematical linguistics is an interdisciplinary field that uses mathematical 

methods, models, and formalisms to analyze linguistic phenomena, construct 

linguistic theories, and solve applied problems in linguistics [1, 2]. It combines 

knowledge of theoretical and applied linguistics, computer science, statistics and 

other mathematical disciplines [3]. 

Mathematical optimization (or mathematical programming) is a branch of 

mathematics that deals with the search for the best (optimal) solution to a certain 

problem under given constraints [4, 5]. The goal of optimization is to minimize or 

maximize some objective function that describes a system or process. 

Mathematical optimization in philology is a powerful tool for solving problems 

related to text analysis, modeling linguistic phenomena, building linguistic models, 

and automating a number of processes [6]. It allows finding the best solutions for 

specific problems by minimizing or maximizing certain functions that describe 

linguistic or textual properties. 

Main text. 

The main areas of application of mathematical optimization in philology: 
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1. Automatic text analysis 

1.1. Optimization of text classification: It is used to classify texts by genre, 

subject or style [7]. Optimization algorithms help find the best parameters for 

machine learning, which are used for more accurate classification. 

1.2. Text compression (Summarization): Optimization methods allow you to 

automatically create condensed summaries of texts, selecting the most important 

sentences or fragments. 

2. Natural Language Processing (NLP) 

2.1. Optimization of language models: Modern language models, such as GPT 

or BERT, are trained using optimization techniques (eg, stochastic gradient descent) 

to minimize the loss function when training on large text corpora [8]. 

2.2. Machine translation: Optimization algorithms help find the best matches 

between texts in two languages, improving translation accuracy. 

3. Lexicography 

3.3. Optimization is used to automatically create electronic dictionaries, find the 

best matches in multilingual texts and build semantic fields. 

3.4. It is possible to use optimization to analyze the frequency of use of lexical 

units, their semantic connections and build optimal dictionary entries. 

4. Stylometry 

4.1. In stylometry, mathematical optimization helps to highlight the key 

parameters of the text to identify authorship, compare the style of different authors, or 

determine stylistic changes in the work of one author. 

4.2. Optimization is used to adjust models that analyze lexical, syntactic or 

stylistic features of texts. 

5. Discourse analysis 

5.1. Optimizing discourse structure: Algorithms can find the best ways to 

represent discourse, determine connections between different parts of a text (for 

example, identifying topics and subtopics in scientific articles or literary works). 

6. Network analysis of language phenomena 

6.1. Used to optimize graphs that model linguistic relationships, such as 
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relationships between words, phrases, or texts. 

6.2. Optimization approaches help to build models of interaction of lexical and 

semantic units, minimizing "noise" in such networks. 

7. Sentiment analysis 

Optimization of text tonality classification algorithms makes it possible to better 

determine the emotional tone (positive, negative, neutral) in texts, in particular in 

media, social networks or literary works. 

8. Modeling of language evolution 

Mathematical optimization is used to model changes in language, find optimal 

ways to represent language evolution, analyze lexical borrowings or change 

grammatical structures. 

Methods of mathematical optimization in philology: 

- Gradient Descent: Used to train neural networks that are used for text analysis, 

classification or translation. 

- Linear programming: Can be used for lexicography tasks, for example, 

building dictionaries that take into account the frequency of word use in texts. 

- Stochastic methods: Used in machine learning tasks to optimize model 

parameters. 

- Evolutionary algorithms: They allow to find optimal solutions in tasks of text 

classification or modeling of linguistic phenomena. 

- Integer optimization algorithms: Used for discrete tasks, for example, 

constructing optimal paths in graphs simulating text links. 

Examples of practical application of mathematical optimization in philology: 

- Analysis of large text corpora: Optimization helps to analyze multilingual 

corpora to identify semantic patterns, frequency and contextual use of words. 

- Automatic translation: Optimization is used to improve the match between 

sources and translation. 

- Analysis of social networks: Optimization algorithms allow analysis of large 

text data to identify sentiments and trends in society. 
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Summary and conclusions. 

Mathematical linguistics is the foundation for automating work with language, 

understanding its structure and analysis. It provides the basis for the creation of 

modern natural language processing technologies used in search engines, translators, 

speech recognition systems and intelligent assistants. 

Mathematical optimization is a universal tool used in many fields of science and 

technology. Its main value is the ability to help find the best solution for complex 

multifactorial problems. 

Mathematical optimization in philology provides efficiency and accuracy in the 

analysis of linguistic phenomena, automation of textual tasks and creation of models 

that take into account the complexity and multifaceted nature of language. This 

makes optimization an important tool in modern interdisciplinary research. 

Mathematical optimization methods have become an important tool in scientific 

research in philology [9], allowing efficient analysis of large text corpora, modeling 

of linguistic structures, and automating the processing of linguistic data. Their 

implementation expands the possibilities of researchers, providing new tools for the 

study of language, literature and cultural phenomena. In the future, mathematical 

optimization will continue to play a key role in the development of philological 

sciences, especially in the conditions of growing volumes of textual data and the 

complexity of the researched problems. 

Discussion. 

As a promising direction of his future research, the author puts forward the 

following debatable thesis: mathematical optimization is relevant for a more 

qualitative and at the same time productive analysis & analytics of large linguistic 

data, helping to solve multidimensional interdisciplinary tasks related to the 

processing, modeling and interpretation of both semi-structured text and and 

unstructured information (natural language) of extremely large volumes [10]. Big 

Data have become an important resource in philology, opening new perspectives for 

the analysis of natural language, library collections, and cultural collections. Thanks 

to digital technologies, philologists have gained access to arrays of textual 
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information — from historical documents and literary works to modern publications 

on the Internet [11]. This creates opportunities for the application of the latest 

intelligent methods for their analysis, analytics and even modeling []. Thanks to the 

use of optimization methods, it is possible to work more efficiently with huge corpora 

of texts, create linguistic models and automate linguistic processes. 

It is this promising direction of the author's future scientific research that will be 

reflected in future publications. 
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