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ABSTRACT

The study of language evolution encompasses understanding how languages
originate, change, and diversify over time. Computational models have become
indispensable in this field, offering robust frameworks to simulate and analyze the
complex processes underlying linguistic change. This article provides an overview of
computational models used in studying language evolution, focusing on their
methodologies, applications, and insights they offer into the mechanisms driving
language change. We discuss agent-based models, evolutionary game theory, and
phylogenetic approaches, highlighting their contributions and limitations. The
integration of computational models with empirical data promises a deeper
understanding of language evolution, paving the way for advancements in both
theoretical linguistics and artificial intelligence.
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AHHOTALIUS

H3yttenue I60JII0YUU A3bIKA 6KIOYAEemM NOHUMAHUE moco, KAK A3blKU 603HUKAIIOM,
USMEHRAIOMCA U Oueepcuquuupymmm C me4YeHuem e6pemerHu. Buiyuciumenvhuie
MOOenu CManu He3amMeHUMbIMU 8 IMOoU 0bacmu, npeonazas Ha0eHCHY0 0CHOB) OJis
MO@éJWpO@ClHu}Z U a”aauza CJO0d2NCHbIX Npoyeccos, Jaexcauyux 6 OCHOB€ A3blKOBblX
usmenenuu. B asmou cmamve npedcmasnien 0030p BbIYUCIUMENbHBIX MOOeel,
UCNOIb3YEMbBIX NpU USYHEHUU I60JHOUYUU A3bIKA, C YNOPOM HA UX Memoc)wzoeuu,
NPUNOIICEeHUA U NOHUMAHUE MEXAHU3IMOE6, 6bl3bledIoWUX USMEHEHUEe A3blKd. Muvi
oocydcoaem azeHmHvie MOOEIU, IBONIOYUOHHYIO Meopulo uep u uiocenemudecKkue
I’lOOXOObl, I/ZO()llepKHGClﬂ Ux 6K1a0 u 0ZPAHUYEHUA. Hﬂmezpauuﬂ B8blYUCTIUMETIbHbIX
mooenel ¢ OMAUPUYECKUMU OAHHbIMU obewaem Oonee 2nyboKoe HNOHUMAHUE
I60II0oYUU  A3bIKA, OmMKpbvleds nymsv K 00CMUIICEHUSIM KAK 8 meopemuquKoﬁ
JUHZBUCMUKE, MAK U 6 obacmu UCKYCCMBEHHO20 UHmeleKmdA.

Knroueevie cnosa: I60J1I0YUA  A3bIKA, 6blHUCTIUMETIbHbLE Moaejlu, ACeHNHble
Mmooenu, 960MIOYUOHHASL ~ meopust  uep, Qunocenemuueckue  nOOXoowl,
JAUHZ6UCMUYECKUE USMEHEHRUA, A3bIKOBOE ModejzupoeaHue.
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INTRODUCTION

Language evolution refers to the processes by which human languages develop
and transform over time. Traditional linguistic approaches often rely on historical and
comparative methods to trace these changes. However, the advent of computational
techniques has revolutionized this field, enabling researchers to simulate and analyze
language evolution with unprecedented precision.

Computational models provide a controlled environment to test hypotheses
about language change, offering insights that are difficult to obtain through empirical
studies alone. These models can incorporate a range of factors influencing language
evolution, from cognitive and social dynamics to environmental pressures.

METHODS

Agent-based models (ABMs) simulate the interactions of autonomous agents
(individuals) to explore the emergence of complex linguistic phenomena. Each agent
in the model represents a language user, endowed with specific rules for language
production, perception, and learning. Agents interact through communication,
gradually shaping the linguistic landscape.

Evolutionary game theory (EGT) applies mathematical frameworks to study
strategic interactions among language users. In this context, language strategies are
treated as evolutionary traits subject to selection pressures. The success of a language
strategy depends on its utility in communication and its prevalence within the
population.

Phylogenetic approaches use techniques from evolutionary biology to trace the
historical relationships between languages. By constructing language family trees
(phylogenies), researchers can infer the timing and pathways of linguistic divergence
and convergence.

Integrating computational models with empirical linguistic data involves
calibrating models using real-world observations and validating model predictions
against historical records. This interdisciplinary approach enhances the robustness
and applicability of computational models.

Agent-Based Models

Agent-based models (ABMs) have become a cornerstone in the study of
language evolution. These models simulate the interactions of autonomous agents,
each representing an individual language user. Through communication and learning,
agents collectively influence the linguistic landscape. Kirby (2002) utilized ABMs to
investigate the emergence of syntactic structures, demonstrating how simple
interaction rules could lead to complex grammatical patterns. Similarly, Steels (2011)
employed ABMs to explore the development of phonetic categories, highlighting the
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role of social dynamics in shaping linguistic innovation. Despite their strengths,
ABMs often rely on simplifying assumptions to manage computational complexity,
which can limit their applicability to real-world scenarios.

ABMs have been used to study various aspects of language evolution, such as
the development of phonetic categories, the emergence of syntactic structures, and
the diffusion of linguistic innovations. For instance, ABMs can simulate how new
words spread through a population or how grammatical rules stabilize over
generations.

ABMs offer valuable insights into the micro-level processes driving language
change. They highlight the importance of social interaction and learning biases in
shaping linguistic patterns. However, ABMs often require simplifications and
assumptions that may limit their generalizability. Additionally, calibrating these
models to reflect real-world complexities remains a significant challenge.

Evolutionary Game Theory

Evolutionary game theory (EGT) offers a robust mathematical framework for
studying language evolution as a strategic interaction among individuals. Nowak et al.
(2002) applied EGT to understand the stability of linguistic conventions and the
competition between different language strategies. This approach elucidates how
languages can evolve through adaptive processes, balancing communication
efficiency and social preferences. However, EGT models often assume rational
behavior and may overlook the stochastic nature of linguistic change, which can lead
to oversimplified conclusions about language dynamics.

EGT has been instrumental in understanding the evolution of communication
systems, the stability of linguistic conventions, and the competition between
languages or dialects. By modeling language as an adaptive system, EGT provides
insights into how linguistic diversity and complexity arise.

EGT models elucidate the role of adaptive dynamics in language evolution,
emphasizing the interplay between language utility and social structure. However,
these models often rely on simplifying assumptions about rational behavior and may
overlook the stochastic nature of language change. Integrating empirical data with
EGT remains an ongoing challenge.

Phylogenetic Approaches

Phylogenetic methods, borrowed from evolutionary biology, are used to
reconstruct the historical relationships between languages. By creating language
family trees, researchers can infer the timing and pathways of linguistic divergence.
Gray and Atkinson (2003) used phylogenetic techniques to support the Anatolian
hypothesis of Indo-European origins, providing a timeline for linguistic divergence
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that aligns with archaeological evidence. These methods offer a macro-level
perspective on language evolution but are highly dependent on the accuracy and
completeness of linguistic data, as well as the assumptions used in phylogenetic
reconstruction.

Phylogenetic methods have been applied to reconstruct the evolution of
language families, such as Indo-European and Bantu. These approaches help identify
common ancestors of languages and uncover patterns of migration and contact that
have influenced linguistic change.

Phylogenetic models provide a macro-level perspective on language evolution,
offering a historical framework for understanding linguistic diversity. However, these
models depend heavily on the accuracy of linguistic data and the assumptions
underlying phylogenetic reconstruction. The complexity of language contact and
borrowing can also complicate phylogenetic analyses.

Integration with Empirical Data

The integration of computational models with empirical data is crucial for
validating theoretical insights and enhancing model robustness. Empirical data from
corpus linguistics, sociolinguistic surveys, and experimental studies provide the
necessary grounding for computational models. For instance, Cavalli-Sforza and
Feldman (1981) emphasized the importance of cultural transmission in language
evolution, using quantitative data to inform their models. Such integration helps
ensure that computational predictions

Empirical data integration is crucial for testing hypotheses about language
evolution, such as the impact of population structure on linguistic diversity or the role
of cognitive constraints in shaping language. Corpus linguistics, experimental studies,
and sociolinguistic surveys provide rich data sources for model calibration and
validation.

Empirical integration strengthens the relevance of computational models,
ensuring that theoretical insights are grounded in real-world phenomena. However,
collecting and processing empirical data can be resource-intensive, and discrepancies
between model predictions and observations often necessitate iterative refinement of
models.

CONCLUSION

Computational models of language evolution offer powerful tools for exploring
the intricate dynamics of linguistic change. Agent-based models, evolutionary game
theory, and phylogenetic approaches each provide unique perspectives on the
mechanisms driving language evolution. While these models have their limitations,
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their integration with empirical data promises to advance our understanding of
language evolution significantly. Future research should focus on refining these
models, enhancing their empirical grounding, and exploring their implications for
both theoretical linguistics and artificial intelligence.

The study of language evolution through computational models has profoundly
enhanced our understanding of how languages develop, change, and diversify over
time. The integration of methodologies such as agent-based models (ABMs),
evolutionary game theory (EGT), and phylogenetic approaches offers a
comprehensive framework for exploring both micro- and macro-level processes in
linguistic change.

ABMs have proven invaluable in simulating the interactions between individual
language users and elucidating the role of social dynamics in language evolution. By
modeling agents with specific rules for language production, perception, and learning,
ABMs have provided insights into the emergence and stabilization of linguistic
features such as phonetic categories and syntactic structures (Kirby, 2002; Steels,
2011). Despite their reliance on simplifying assumptions, these models underscore
the importance of social interaction and learning biases in shaping language.

EGT offers a mathematical perspective on the strategic interactions that
underpin language use and evolution. By treating language strategies as evolutionary
traits subject to selection pressures, EGT models have shed light on the stability of
linguistic conventions and the adaptive dynamics of language change (Nowak,
Komarova, & Niyogi, 2002). These models highlight the balance between
communication utility and social preferences, although their reliance on assumptions
about rational behavior necessitates further refinement to capture the stochastic
nature of linguistic evolution more accurately.

Phylogenetic methods, adapted from evolutionary biology, have enabled
researchers to reconstruct the historical relationships between languages and trace
their divergence over time. Studies using these techniques have provided robust
evidence for linguistic evolution theories, such as the Anatolian hypothesis for Indo-
European origins (Gray & Atkinson, 2003). By offering a macro-level perspective,
phylogenetic approaches contribute significantly to our understanding of linguistic
diversity and historical language change. However, their dependence on accurate
linguistic data and assumptions in phylogenetic reconstruction presents ongoing
challenges.

Integrating computational models with empirical data is crucial for validating
theoretical insights and ensuring the practical applicability of these models. Empirical
data from corpus linguistics, sociolinguistic surveys, and experimental studies
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provide a rich foundation for model calibration and validation. For instance, the work
of Cavalli-Sforza and Feldman (1981) on cultural transmission has highlighted the
importance of empirical data in informing and refining computational models. This
interdisciplinary approach not only strengthens the relevance of computational
models but also bridges the gap between theoretical linguistics and real-world
linguistic phenomena.

The future of computational models in language evolution research lies in
enhancing their complexity and empirical grounding. This involves developing more
sophisticated models that can accommodate the nuances of human communication
and the stochastic nature of linguistic change. Advances in artificial intelligence and
machine learning offer promising avenues for improving the realism and predictive
power of these models. Additionally, fostering collaboration between computational
linguists, field linguists, and cognitive scientists will be essential for integrating
diverse perspectives and datasets.

Another critical area for future research is the application of computational
models to study multilingualism and language contact. These phenomena play a
significant role in shaping linguistic landscapes, yet they present complex challenges
for modeling. Understanding how languages influence each other in multilingual
societies can provide deeper insights into the mechanisms of language change and the
factors driving linguistic diversity.

The insights gained from computational models of language evolution have
profound implications for both theoretical linguistics and artificial intelligence. In
linguistics, these models help refine our understanding of language change
mechanisms, offering empirical support for theories and revealing new patterns in
linguistic data. In artificial intelligence, the principles derived from studying natural
language evolution can inform the development of more robust and adaptable
language processing systems.

In summary, computational models are indispensable tools in the study of
language evolution. By simulating the intricate dynamics of linguistic change, these
models provide valuable insights into the processes that have shaped human
languages over millennia. Continued advancements in computational techniques,
coupled with empirical validation, will further enhance our understanding of
language evolution, contributing to both theoretical knowledge and practical
applications in linguistics and beyond.
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