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Abstract: Natural language processing (NLP) has 

recently garnered significant interest for the 

computational representation and analysis of human 

language. Its applications span multiple domains such 

as machine translation, email spam detection, 

information extraction, summarization, healthcare, 

and question answering. This paper first delineates 

four phases by examining various levels of NLP and 

components of Natural Language Generation, 

followed by a review of the history and progression of 

NLP. Subsequently, we delve into the current state of 

the art by presenting diverse NLP applications, 

contemporary trends, and challenges. Finally, we 

discuss some available datasets, models, and 

evaluation metrics in NLP. 
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language understanding, Natural language generation, 

NLP applications, NLP evaluation metrics 

I. INTRODUCTION 

A language can be characterized as a collection of 

rules or symbols where symbols are combined to 

convey or broadcast information. Since not all users 

are proficient in machine-specific languages, 

Natural Language Processing (NLP) assists those 

who lack the time to learn or master new languages. 

NLP, a branch of Artificial Intelligence and 

Linguistics, is dedicated to enabling computers to 

comprehend statements or words written in human 

languages. It was developed to simplify users' tasks 

and fulfill the desire to communicate with computers 

in natural language. NLP can be divided into two 

parts: Natural Language Understanding 

(Linguistics) and Natural Language Generation, 

which involve comprehending and generating text. 

Linguistics, the science of language, includes 

Phonology (sound), Morphology (word formation),  
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Syntax (sentence structure), Semantics (meaning), 

and Pragmatics (contextual understanding). Noam 

Chomsky, a pioneering linguist of the 20th century, 

made significant contributions to theoretical 

linguistics, particularly in syntax (Chomsky, 1965). 

Natural Language Generation (NLG) involves 

creating meaningful phrases, sentences, and 

paragraphs from an internal representation. This 

paper aims to provide insights into various key 

terminologies of NLP and NLG. 

Most NLP research has been conducted by computer 

scientists, though professionals from other fields, 

such as linguistics, psychology, and philosophy, 

have also contributed. One intriguing aspect of NLP 

is its ability to enhance our understanding of human 

language. NLP encompasses different theories and 

techniques addressing the challenge of enabling 

natural language communication with computers. 

Some researched tasks in NLP include Automatic 

Summarization (producing understandable 

summaries of text), Co-Reference Resolution 

(identifying all words referring to the same object), 

Discourse Analysis (examining text in relation to 

social context), Machine Translation (automatic 

translation of text between languages), 

Morphological Segmentation (breaking words into 

meaning-bearing morphemes), Named Entity 

Recognition (extracting and classifying named 

entities), Optical Character Recognition (translating 

printed and handwritten text into machine-readable 

format), and Part Of Speech Tagging (determining 

the part of speech for each word). Many of these 

tasks have direct real-world applications, such as 

Machine Translation, Named Entity Recognition, 

and Optical Character Recognition. Although NLP 

tasks are closely interconnected, they are often used 

individually for convenience. Some tasks, like 

automatic summarization and co-reference analysis, 
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serve as subtasks for larger tasks. NLP has gained 

attention recently due to various applications and 

developments, although the term wasn't even in 

existence in the late 1940s. Understanding the 

history of NLP, its progress, and ongoing projects 

utilizing NLP is crucial. This paper also addresses 

datasets, approaches, evaluation metrics, and 

challenges in NLP. The rest of this paper is 

organized as follows: Section 2 covers key NLP and 

NLG terminologies. Section 3 discusses the history, 

applications, and recent developments in NLP. 

Section 4 presents datasets and approaches in NLP. 

Section 5 focuses on evaluation metrics and 

challenges. Finally, Section 6 provides a conclusion. 

II. COMPONENTS OF NLP 

 

NLP can be categorized into two parts: Natural 

Language Understanding and Natural Language 

Generation, which involve comprehending and 

generating text. Figure 1 illustrates the broad 

classification of NLP. This section discusses Natural 

Language Understanding (Linguistics) (NLU) and 

Natural Language Generation (NLG). 

1. NLU 

   - NLU enables machines to comprehend natural 

language by extracting concepts, entities, emotions, 

keywords, etc. It is used in customer care 

applications to understand problems reported by 

customers verbally or in writing. Linguistics, the 

science of language, involves understanding the 

meaning, context, and various forms of language. 

Key terminologies in NLP include: 

 

     - Phonology: The systematic arrangement of 

sounds. Phonology, from Ancient Greek where 

"phono" means voice or sound and "-logy" refers to 

word or speech, involves the semantic use of sound 

to encode meaning in any human language. 

     - Morphology: The study of the smallest units of 

meaning, morphemes, which form words. For 

example, "precancellation" can be broken down into 

the morphemes "pre," "cancella," and "-tion." 

Morphological analysis helps in understanding word 

structure and meaning. 

     - Lexical: Interpreting individual words' 

meanings. This involves part-of-speech tagging and 

processing techniques like removing stop words, 

stemming, and lemmatization. For example, 

"consulting" and "consultant" are stemmed to 

"consult." 

     - Syntactic: Analyzing the grammatical structure 

of sentences by grouping words into phrases and 

sentences. This level emphasizes correct sentence 

formation and reveals structural dependencies 

between words. It is also known as parsing. 

     - Semantic: Determining the proper meaning of 

sentences by processing logical structures to 

recognize relevant words and concepts. This level 

includes semantic disambiguation of words with 

multiple senses. 

     - Discourse: Analyzing text beyond sentence 

level by making connections among words and 

sentences to ensure coherence. Common levels 
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include Anaphora Resolution and Coreference 

Resolution. 

     - Pragmatic: Focusing on context and real-world 

knowledge to infer meaning. This level analyzes 

implied meanings and uses background knowledge 

to understand text. 

 

The objective of NLP is to integrate language 

understanding and generation into systems, enabling 

applications such as multilingual event detection. 

Rospocher et al. proposed a modular system for 

cross-lingual event extraction in English, Dutch, and 

Italian texts using different pipelines for different 

languages. This system includes modules for basic 

NLP processing and advanced tasks like cross-

lingual named entity linking and time normalization. 

The modular architecture allows for dynamic 

distribution and configuration, facilitating event-

centric knowledge graphs. 

III.  LITERATURE SURVEY 

The domain of Natural Language Processing (NLP) 

has witnessed significant advancements over recent 

decades. This survey highlights the critical 

terminologies, historical milestones, applications, 

and the latest advancements in NLP, providing a 

comprehensive understanding of the field for new 

researchers and practitioners. 

 Terminologies and Definitions 

NLP encompasses a variety of subfields, including 

machine translation, sentiment analysis, and 

information retrieval. It is crucial to grasp the basic 

concepts such as tokenization, parsing, and semantic 

analysis to appreciate the complexity and the scope 

of NLP applications. 

 

 

 Historical Background 

NLP has evolved through various phases, starting 

from rule-based approaches to the current state-of-

the-art deep learning models. Early efforts like 

machine translation in the 1950s laid the foundation, 

which was further strengthened by statistical 

methods in the 1990s. The advent of deep learning 

in the 2010s revolutionized the field, enabling 

significant improvements in tasks such as machine 

translation and text summarization. 

 Applications 

NLP has a wide array of applications across different 

domains: 

- Machine Translation: Systems like Google 

Translate utilize deep learning to offer real-time 

translations. 
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- Sentiment Analysis: Used extensively in social 

media monitoring to gauge public opinion. 

- Chatbots and Virtual Assistants: Assistants like 

Siri and Alexa employ NLP to understand and 

respond to user queries. 

- Healthcare: NLP aids in extracting meaningful 

information from unstructured medical records, 

improving patient care and research. 

 Recent Developments 

The field has seen remarkable progress with models 

like BERT and GPT, which have set new 

benchmarks in various NLP tasks. These models 

leverage transformer architectures, enabling better 

contextual understanding and generation of human-

like text. 

 Regional Languages 

Despite extensive research in major languages, there 

remains a significant gap in the development of NLP 

resources for regional languages. Future research 

should focus on creating datasets and models for 

these underrepresented languages to ensure 

inclusive technological advancements. 

IV. CONCLUSION 

This paper provides a comprehensive exploration of 

Natural Language Processing (NLP), covering its 

fundamental terminologies, historical evolution, 

diverse applications, recent advancements, and 

future research directions. 

NLP has transformed from its early rule-based 

systems to sophisticated models leveraging deep 

learning and neural networks. Historical milestones, 

such as the development of statistical methods and 

the introduction of transformer architectures, have 

significantly enhanced the capabilities of NLP 

systems. These advancements have enabled 

breakthroughs in machine translation, sentiment 

analysis, chatbots, virtual assistants, and healthcare 

applications, demonstrating the wide-reaching 

impact of NLP technologies. 

Despite the progress, the field faces ongoing 

challenges and opportunities. One significant 

challenge is the development of NLP resources for 

regional and underrepresented languages. The 

current focus has predominantly been on major 

languages, creating a disparity that future research 

needs to address. By creating datasets, models, and 

evaluation metrics for these languages, we can 

ensure more inclusive and accessible NLP 

technologies globally. 

Additionally, the complexity of human language 

continues to pose challenges in areas such as context 

understanding, semantic analysis, and discourse 

processing. Future research should aim to refine and 

enhance models to better capture the nuances of 

human language, thereby improving the accuracy 

and reliability of NLP systems. 

The integration of NLP into various domains 

highlights its transformative potential. As we move 

forward, interdisciplinary collaboration will be 

essential to harness the full potential of NLP. 

Experts from linguistics, computer science, 

psychology, and other fields must work together to 

address the multifaceted challenges and push the 

boundaries of what NLP can achieve. 

In conclusion, while NLP has made remarkable 

strides, there is still much to be explored and 

developed. The ongoing advancements promise 

exciting possibilities for the future, making NLP an 

ever-evolving and dynamic field of study. This 

paper serves as a foundational resource for 

researchers and practitioners, offering insights into 

the current state and future directions of NLP. 
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