What is a Large Language Model (LLM)?

A Large Language Model (LLM) is an artificial intelligence (Al) system trained to understand
and generate human language. These models are designed using deep learning techniques,
especially transformers, and are trained on massive amounts of text data from the internet,
books, articles, and more.

Examples of popular LLMs include:

e GPT-4 by OpenAl
e Claude by Anthropic

e Gemini by Google DeepMind
e LLaMA by Meta

How Do LLMs Work?

LLMs work by predicting the next word in a sentence. For example:
"The cat sat on the..." — likely prediction: "mat"
They do this using:

e Tokens: Words or pieces of words are broken into smaller units.

o Context: They use surrounding words (context) to generate more accurate responses.

« Training: They are trained using a technique called unsupervised learning, where they
learn from raw text without explicit instructions.

1 Key Components

1. Transformers: A neural network architecture that processes input text in parallel,
enabling faster and more accurate learning.
2. Attention Mechanism: Allows the model to focus on relevant parts of the text when
making predictions.
3. Pretraining + Fine-tuning:
o Pretraining: Learning general language patterns from large datasets.
o Fine-tuning: Adjusting the model for specific tasks like summarizing, translating,
or answering questions.



1 What Can LLMs Do?

LLMs are versatile and can:

Answer questions
Write essays or emails
Translate languages
Generate code

Create stories or poems
Summarize documents
Assist in research

. Limitations

Biases: Can reflect biases from their training data.
Hallucinations: Sometimes generate incorrect or made-up facts.
Context limits: Can't recall beyond a certain token limit in one session.

1 Applications of LLMs

Customer support (chatbots)

Education (tutoring, language learning)
Healthcare (summarizing medical records)
Programming (code generation and debugging)
Content creation (writing blogs, marketing)



More Technical Explanation of LLMs

1. Architecture: Transformers

LLMs are typically built using the Transformer architecture
Key components:

o Self-Attention: Allows the model to weigh the importance of different words in a
sentence when generating output.

o Layers: Stacked attention and feed-forward layers learn deep patterns.

o Positional Encoding: Since transformers don’t read text sequentially, they need
positional data to understand word order.

2. Training Process

Pretraining (unsupervised)

e Goal: Predict the next word or fill in missing words.
o Example (from GPT models):

Input: "The capital of France is" — Output: "Paris"
e Trained on huge datasets (e.g., Common Crawl, books, Wikipedia).

Fine-tuning (supervised or reinforcement learning)

o Model is refined for specific tasks or safety.

e Techniques:
o Instruction tuning (e.g., making models follow human commands)
o Reinforcement Learning from Human Feedback (RLHF)

3. Tokenization

Text is broken into tokens, which are:

« Whole words ("apple")

e Subwords ("ap", "ple")
e Sometimes even characters ("a", "p", "p", "I", "e")



LLMs operate on sequences of these tokens.

4. Inference (using the model)

At inference time, the model:
o Takes in a sequence of tokens (prompt)
o Predicts the most likely next token(s)

« Repeats this to generate responses

This is what happens every time you chat with me!

[J Mini Interactive Demo (Conceptual)

Let’s simulate a tiny LLM prediction:
Imagine this is the prompt:
"The sun rises in the"

The LLM sees:

o Previous context: "The sun rises in the"
o It predicts: next word is likely "east™

Why? Because it has seen millions of similar sentences during training.

Let’s dive into the Transformer architecture, which is the foundation of all modern Large
Language Models (LLMs) like GPT, BERT, and others.



1 What Is the Transformer Architecture?
Introduced in 2017 by Vaswani et al. in the paper ""Attention Is All You Need", the

Transformer is a deep learning model that replaces recurrent and convolutional models for
natural language processing tasks.

1 Core Components of the Transformer

The Transformer is built using encoder and decoder blocks (used differently depending on the
task):

&2 Core Components of the Transformer

The Transformer is built using encoder and decoder blocks (used differently depending on the task):

Component BERT Uses GPT Uses
Encoder Yes ¥ No
Decoder 3 No Yes

Transformer Block Both use it Both use it



