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Abstract: This article examines and analyzes the main stages in the development of
computational linguistics. It explores how the field has evolved from early machine translation
experiments in the 1950s to modern neural network models such as GPT and BERT. Each
stage—from theoretical and statistical approaches to deep learning innovations—is discussed to
show the progress of computational language analysis over time.
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Computational linguistics, language analysis that uses computers. Computational analysis is
often applied to the handling of basic language data—e.g., making concordances and counting
frequencies of sounds, words, and word elements—although numerous other types
of linguistic analysis can be performed by computers.!

The initial stage of computational linguistics began in the early 1950s in the United States, when
the idea of using computers to process human language first appeared. During this decade,
researchers became increasingly interested in whether machines could translate one language
into another without human assistance. On January 7, 1954, a team of scientists from IBM and
Georgetown University carried out a historic demonstration in which a computer automatically
translated 60 carefully selected Russian sentences into English. This experiment, later known as
the “Georgetown—IBM Experiment,” is widely regarded as the symbolic starting point of modern
computational linguistics and machine translation research (Hutchins, 2005; Georgetown
University Archives, 1954).

The results of this experiment, though limited, proved that computers could indeed analyze and
process linguistic structures beyond mere mathematical calculations. Following this achievement,
several academic and government institutions in the United States, the Soviet Union, and
Western Europe launched similar projects to explore the automatic analysis of natural languages.
The optimism of the 1950s laid the groundwork for subsequent advances in language modeling,
syntax analysis, and translation algorithms, forming the early foundation of the field that would
later evolve into computational linguistics as we know it today.? A grammar of a language
attempts to provide an explicit and formal account of the knowledge that speakers of the
language have about the structure and formation of sentences.”

This statement by Noam Chomsky marks a turning point in linguistic theory, introducing the
concept of generative grammar, which views language as a rule-governed system that can be

L https://www.britannica.com/science/computational-linguistics
2 https://www.britannica.com/topic/machine-translation

3 Chomsky, N. (1965). Aspects of the Theory of Syntax. Cambridge, MA: The MIT Press.
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represented mathematically. Chomsky’s theory offered computational linguists a powerful tool:
the ability to describe how sentences are generated and understood through formal syntactic rules.
His approach shifted linguistic research from descriptive studies toward formal modeling, which
in turn became a foundation for the development of early computational parsers and grammar-
based language models.

During this same period, however, the enthusiasm for machine translation faced major criticism.
In 1966, the publication of the ALPAC Report revealed that progress in automatic translation
was far slower and less accurate than expected. As a result, government funding in the United
States was redirected toward theoretical and linguistic research rather than large-scale translation
projects.* Despite this temporary decline, the 1960s and 1970s became a critical era that shaped
modern computational linguistics, emphasizing the deep structure of language and its formal
representation in computers.

During the 1980s, computational linguistics entered a new phase characterized by the rise of
data-driven and statistical approaches. Instead of relying solely on hand-crafted grammar rules,
researchers began to use large text datasets to train computers to learn language patterns
automatically. The IBM research group led by Peter Brown and colleagues pioneered Statistical
Machine Translation (SMT), which treated translation as a probabilistic process based on
bilingual text corpora. This marked a major departure from symbolic linguistics toward empirical,
data-oriented language processing. The mathematics of statistical machine translation provides a
probabilistic framework that enables computers to infer linguistic relationships directly from
data.’

The early 2000s marked a revolutionary shift from purely statistical models to machine
learning—based NLP. With the rapid growth of digital text and the internet, massive linguistic
corpora such as the Penn Treebank, British National Corpus (BNC), and Google N-gram datasets
became the foundation of modern language research. These resources allowed algorithms to
detect patterns of syntax, semantics, and usage on an unprecedented scale.

Statistical NLP is now driven by large corpora of text and speech, enabling automatic acquisition
of linguistic knowledge from data.®

Researchers like Christopher Manning and Hinrich Schiitze formalized these developments in
their seminal work Foundations of Statistical Natural Language Processing (1999), which
helped standardize computational methods in linguistics. Around the same time, machine
learning algorithms such as Support Vector Machines (SVMs) and Maximum Entropy Models
were applied to text classification, sentiment analysis, and information extraction.

By the 2010s, this stage witnessed the emergence of practical NLP systems: Google Translate,
IBM Watson, Siri, and early neural translation prototypes. The integration of large data,

4 ALPAC (Automatic Language Processing Advisory Committee). (1966). Language and Machines: Computers in
Translation and Linguistics. National Academy of Sciences, Washington, D.C.

>Brown, P. F., Cocke, J., Della Pietra, S. A., Della Pietra, V. J., Jelinek, F., Mercer, R. L., & Roossin, P. S. (1993). The
mathematics of statistical machine translation: Parameter estimation. Computational Linguistics, 19(2), 263-311.

6 Manning, C. D., & Schiitze, H. (1999). Foundations of Statistical Natural Language Processing. Cambridge, MA:
MIT Press.
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probabilistic models, and machine learning marked the transition from theoretical research to
real-world applications — bridging the gap between linguistics and artificial intelligence.

At the same time, advances in Artificial Intelligence (AI) — especially in neural networks and
pattern recognition — began to influence natural language processing (NLP). Computational
linguistics increasingly overlapped with computer science, mathematics, and cognitive science.
The use of algorithms such as Hidden Markov Models (HMMs), n-gram models, and early
speech recognition systems paved the way for practical language technologies. By the late 1990s,
this period laid the conceptual groundwork for the transition to machine learning—based NLP that
would define the next era. This simple yet revolutionary statement from Vaswani and his
colleagues at Google Research introduced the Transformer architecture, a neural network model
that fundamentally changed the way computers process language. Before this breakthrough,
natural language processing (NLP) largely depended on recurrent and convolutional neural
networks, which struggled with long-range dependencies in text. The Transformer, by contrast,
uses self-attention mechanisms to capture contextual relationships between words across entire
sentences, enabling models to understand meaning with unprecedented accuracy.’

Building upon this innovation, OpenAl developed the GPT (Generative Pre-trained Transformer)
series, beginning with GPT-1 in 2018 and followed by GPT-2, GPT-3, and GPT-4. These models
demonstrated that large-scale neural networks trained on vast linguistic corpora could generate
coherent, contextually relevant, and human-like text. This era also gave rise to other
groundbreaking models such as BERT (Google, 2018), T5, Claude, and Gemini, which together
shaped the modern field of large language models (LLMs).?

From a broader perspective, the 2010s—2020s have seen computational linguistics evolve from a
purely analytical discipline into a generative and interactive field. Modern NLP systems now
power speech recognition, machine translation, sentiment analysis, and Al assistants such as
ChatGPT, which can engage in human-like dialogue and reasoning. Beyond technological
innovation, this era has also sparked philosophical debates about the nature of language,
intelligence, and creativity.

In conclusion, the evolution of computational linguistics reflects the continuous interaction
between language, data, and technology. From its origins in machine translation experiments to
the current era of deep learning and neural networks, the field has expanded its scope from
analyzing linguistic structures to creating intelligent systems capable of understanding and
generating human language. Through innovations such as statistical modeling, corpus-based
learning, and large-scale neural architectures like GPT and BERT, computational linguistics has
become a cornerstone of modern artificial intelligence. Beyond its technological achievements,
the discipline also plays a vital role in preserving linguistic diversity and improving global
communication. For developing countries, including Uzbekistan, it opens new possibilities for
integrating local languages into the digital world and advancing education, research, and cultural
accessibility.

7Vaswani, A., Shazeer, N., Parmar, N., Uszkoreit, J., Jones, L., Gomez, A. N., Kaiser, t., & Polosukhin, I. (2017).
Attention Is All You Need. Advances in Neural Information Processing Systems (NeurlPS).

& Devlin, J., Chang, M.-W., Lee, K., & Toutanova, K. (2019). BERT: Pre-training of Deep Bidirectional Transformers for
Language Understanding. Proceedings of NAACL-HLT 20189.
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