Introduction to Natural
Language Processing (NLP)

Prof. Gheith Abandah



Reference p 4 Natural
et Lanquage
. =& Drocessing
% INACTION
e Chapter 1: Packets of thought
(NLP overview)

* H. Lane, C. Howard, and H. Hapke, Natural Language
Processing in Action: Understanding, analyzing, and
generating text with Python, Manning, 2019.



Outline

* Introduction

 Evolution

* Core Concepts

e Techniques and Models

* Key Applications

* Challenges and Ethical Considerations
* Future Directions and Emerging Trends
* Resources and Getting Started

* Summary



Introduction

 Definition: Natural Language Processing (NLP) is a field of artificial
intelligence that enables computers to understand, interpret, and
generate human language.

* Importance: Bridges human communication and machine
understanding, facilitating user-friendly applications.



Evolution 1

 Early Beginnings (1950s - 1970s)
* 1950s: Alan Turing proposes the Turing Test to evaluate a machine's ability to
exhibit intelligent behavior.

* 1960s: Development of rule-based systems for machine translation and early
chatbots like ELIZA.

e Rule-Based Systems (1980s - 1990s)
* 1980s: Focus on rule-based approaches for syntax and grammar in NLP
applications.

* 1990s: Rise of statistical methods, leading to improvements in machine
translation and speech recognition.



Evolution 2

e Statistical Revolution (1990s - 2010s)

* Late 1990s - 2000s: Shift towards statistical models, including Hidden Markov Models
(HMMs) and later, machine learning algorithms for language processing.

e 2000s: Introduction of machine learning algorithms, leading to significant
improvements in text classification, sentiment analysis, and information retrieval.

* Deep Learning and Neural Networks (2010s - Present)

e 2010s: Emergence of deep learning models, transforming NLP with models like
RNNs, LSTMs, and word embeddings (Word2Vec, GloVe).

e 2018: Breakthrough with the introduction of Transformer models, leading to state-
of-the-art architectures like BERT, GPT, and their successors, which significantly
improved machine translation, text generation, and question-answering systems.



Evolution 3

e Current Trends and Future Directions

* Continued advancements in transformer models, making NLP systems more
powerful, efficient, and capable of understanding context.

* Expanding applications: NLP being used in more complex and nuanced fields like
emotional Al, legal and medical document analysis, and multilingual models that can
understand numerous languages.

* Ethical and societal implications: Increased focus on addressing biases, ensuring
privacy, and the ethical use of NLP technologies.

* Key Takeaway

* The evolution of NLP showcases the transition from rule-based and statistical
methods to advanced deep learning techniques, leading to sophisticated models
capable of understanding and generating human-like text. The field continues to
evolve, with ongoing research addressing challenges related to efficiency, bias, and
ethical considerations.



Core Concepts

* Syntax vs. Semantics: Syntax refers to the arrangement of words in a
sentence. Semantics deals with the meaning.

* Tokenization: Process of breaking down text into smaller units
(tokens), such as words or phrases.



Bag of Words

>>> from collections import Counter

>>> Counter ("Guten Morgen Rosa".split())
Counter ({'Guten': 1, 'Rosa': 1, 'morgen': 1})
>>> Counter ("Good morning, Rosa!".split())

Counter ({'Good': 1, 'Rosa!': 1, 'morning,': 1})
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Core Concepts

* Part-of-Speech Tagging: Identifies the grammatical parts of speech
(nouns, verbs, etc.) in a sentence.

 Named Entity Recognition (NER): Classifies key elements in text into
predefined categories (hnames, organizations).

* Dependency Parsing: Analyzes the grammatical structure to establish
relationships between words.
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Techniques and Models

* Rule-Based Systems: Early NLP methods based on hand-crafted rules.

* Machine Learning: Algorithms learn from data to make predictions or
decisions.

* Deep Learning: Use of neural networks to model complex language
patterns.

* Transformers and Pre-trained Models: Introduction of models like
BERT and GPT that have revolutionized NLP tasks.
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A chatbot Natural Language Pipeline
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Key Applications

* Text Classification: Categorizing text into predefined groups.
* Sentiment Analysis: Determining the sentiment expressed in text.

 Machine Translation: Automatic translation of text between
languages.

* Question Answering: Systems that can answer questions posed in
natural language.

* Chatbots and Virtual Assistants: Conversational agents for various
applications.
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Categorized NLP applications
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Challenges

* Language Ambiguity: The challenge of interpreting words and sentences
that have multiple meanings or interpretations depending on their usage.

* Context Understanding: The difficulty in comprehending the full meaning
of words or phrases without considering the surrounding text, the
speaker's intentions, and situational factors.

* Dealing with Sarcasm: The complexity of identifying and correctly
interpreting statements that convey the opposite meaning of what is
literally said, often for humor or irony.

* Language Diversity: The vast variation in linguistic structures, vocabularies,
and idioms across different languages and dialects, which poses a challenge
for creating universally effective NLP systems.
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Ethical Considerations

* Addressing Bias in NLP Models: The imperative to recognize and
mitigate prejudices inherent in language data, which may perpetuate
stereotypes or unfair treatment of certain groups.

* Privacy Concerns: The need to ensure that NLP systems protect
sensitive information and respect user confidentiality, especially
when processing personal or private communications.

* The Social Impact of Automation: Considering how the automation
of tasks through NLP affects job markets, human interactions, and
societal structures, with a focus on maintaining equitable and
beneficial outcomes for society.
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Future Directions and Emerging Trends

* General and Adaptable Models:
Moving towards models that can
understand and generate language
across diverse contexts.

* Multilingual NLP: Developing
technologies that can handle
multiple languages seamlessly.

* Integration with Al Technologies:
Combining NLP with other Al fields
for more comprehensive
applications.
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Resources and Getting Started

* Textbooks:
* “Natural Language Processing in Action” by Lane et al.
* "Speech and Language Processing" by Jurafsky and Martin.

* Online Courses: Coursera, edX, and others offer courses on NLP.

* Datasets: Publicly available datasets for training and testing NLP

models.
 GLUE Benchmark (General Language Understanding Evaluation)

* SQUAD (Stanford Question Answering Dataset)
* ImageNet (Large Scale Visual Recognition Challenge)

* Tools for Learning: Python libraries like NLTK, spaCy, and TensorFlow
for experimenting with NLP.
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