Chapter 15: Natural Language Processing (NLP)

Introduction to NLP

Natural Language Processing, commonly referred to as NLP, is a subfield of
Artificial Intelligence that focuses on the interaction between computers and
humans using natural language. The ultimate goal of NLP is to enable
computers to understand, interpret, and generate human languages in a way
that is both meaningful and useful.

Human languages are complex, ambiguous, and context-dependent. NLP en-
ables machines to process text or speech data in a way that mimics human
comprehension. With the integration of NLP, applications like chatbots, lan-
guage translators, voice assistants (like Siri and Alexa), and sentiment
analyzers have become possible.

15.1 Basics of Natural Language Processing

Natural Language Processing involves two main components:

1. Natural Language Understanding (NLU):
e Focuses on the comprehension of language input by the machine.

o Involves tasks such as:

— Named Entity Recognition (NER)
— Part-of-Speech Tagging
— Syntactic and Semantic Analysis

e Helps the system to understand intent, context, and meaning of
words and phrases.

2. Natural Language Generation (NLG):
o Converts structured data into coherent human language output.
e Used in:

— Report Generation
— Chatbots Responses
— Text Summarization

¢ NLG is responsible for creating meaningful responses in natural language
after processing.




15.2 Steps in NLP

The process of NLP includes several stages, which are often executed sequentially
to process raw text. These steps include:

1. Text Preprocessing

Before the system can understand natural language, the text must be cleaned
and prepared. This step includes:

a) Tokenization
¢ Breaking down a sentence or paragraph into smaller units called tokens
(words, phrases).
o Example: "Al is amazing" — [‘AD, ‘is’, ‘amazing’]
b) Stop Word Removal
¢ Removing commonly used words that do not contribute much to mean-
ing (e.g., is, the, of, and).
e Helps in reducing noise from data.

c) Stemming and Lemmatization

o Stemming: Reducing a word to its root form (e.g., playing — play).
¢ Lemmatization: More advanced form that considers grammar and
context (e.g., better — good).

2. Feature Extraction

o Converting text into numeric features to feed into machine learning
models.

e Common techniques:

— Bag of Words (BoW)
— TF-IDF (Term Frequency — Inverse Document Frequency)
— Word Embeddings (e.g., Word2Vec, GloVe)

3. Modelling
o Using algorithms to train models on the processed data.

¢ Tasks may include:

— Text classification (e.g., spam detection)
— Sentiment analysis
— Language translation




15.3 Applications of NLP

Natural Language Processing finds application in various industries and domains:

1. Chatbots and Virtual Assistants
e Powered by NLP, chatbots like Google Assistant, Alexa, Siri can
understand voice/text queries and respond intelligently.
2. Sentiment Analysis

e Analyzes emotions or opinion polarity in a text (positive, negative,
neutral).
e Widely used in marketing, politics, product reviews.

3. Language Translation
e Tools like Google Translate use NLP for translating text between different
languages accurately.
4. Text Summarization
o Extracts the most important information from a document.
o Useful in legal documents, news articles, research papers.
5. Speech Recognition and Generation

e« NLP in conjunction with speech processing converts spoken language
into text, and vice versa.

¢ Used in voice typing, accessibility tools, and virtual meeting sum-
maries.

15.4 Challenges in NLP

Despite its vast potential, NLP faces many challenges:

1. Ambiguity

o Words with multiple meanings (e.g., bank can be a riverbank or financial
institution).
o Context is crucial for proper interpretation.

2. Sarcasm and Irony

e Machines find it hard to detect humor, sarcasm, or irony in text without
contextual clues.



3. Language Diversity and Slang
¢ Handling multiple languages, dialects, colloquialisms, and informal
usage is complex.
4. Contextual Understanding

e Grasping meaning based on context, culture, and background
knowledge is difficult for machines.

15.5 Popular NLP Libraries and Tools

Several open-source libraries simplify the implementation of NLP tasks:

1. NLTK (Natural Language Toolkit)
e Python library for text processing, classification, stemming, tagging, pars-
ing.
2. spaCy
e Advanced NLP library that is fast, efficient, and industrial-strength.

3. TextBlob
e Simplified NLP library for beginners.
o Ideal for sentiment analysis and basic tasks.
4. Transformers (by Hugging Face)
o Enables the use of pre-trained models like BERT, GPT for NLP appli-

cations.

15.6 Real-life Case Studies / Examples
1. Customer Support Automation
e Companies use NLP-based bots to resolve queries without human inter-
vention.
2. Resume Screening

e HR software uses NLP to scan resumes, match job descriptions, and
shortlist candidates.



3. Legal Document Analysis

e Law firms use NLP to summarize, categorize, and extract informa-
tion from contracts and case files.

15.7 Ethics and Bias in NLP
1. Data Bias
o If training data contains biased views, models may inherit and amplify
those biases.
2. Privacy Concerns

o NLP applications often process sensitive or personal information.

3. Misinformation

e NLP can be used to generate fake content, which poses ethical risks.

Mitigation Strategies

e Use diverse datasets.
e Regular audits of AT behavior.
o Transparent model reporting.
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