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Introduction to Large Language Model
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Large Language Model (LLM)
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Training a Large Language Model

Stage 1: Pretraining 
Stage 2: Training 

the Assistant

Stage 3: 
Reinforcement 

Learning from 
Human Feedback
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Pretraining

Think of it like compressing the internet
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Chunk of the internet

~10TB of text

6,000 GPUs for 12 days, ~2M

~1e24 FLOPS

Llama 2 70B

~140GB file



Next-Word Prediction

Self-supervised learning based on internet text
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Next-Word Prediction

What can we do with next-word prediction? A sufficiently strong language model can do many 
things.

§ Facts: Stevens Institute of Technology is located in ____, New Jersey.

§ Grammar: I put ____ fork down on the table.

§ Lexical semantics/topic: I went to the ocean to see the fish, turtles, seals, and ____.

§ Sentiment: Overall, the value I got from the two hours watching it was the sum of the popcorn and 
the drink. The movie was ____.

§ Reasoning: Military service during the Vietnam era ____ earnings later in life.

§ Arithmetic: I was thinking about the sequence that goes 1, 1, 2, 3, 5, 8, 13, 21, ____.
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Next-Word Prediction
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Training the Assistant

Just swap the dataset, then continue training
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Text from the Internet Conversations

(written by people)



Data Providers for Training LLMs

§ Data is a key for training the assistant

§ Scale AI is one example that specializes in 
data annotation

- Scale AI's mission is to accelerate the 
development of AI by providing high-
quality training data

§ Meta made a $14.3 billion investment for a 
49% nonvoting stake of Scale AI (June 2025)
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Reinforcement Learning from Human Feedback (RLHF) 

The Second Kind of Label: Comparisons

§ It is often much easier to compare answers instead of writing new ones

§ Simple example: It’s much easier to spot a good joke than it is to generate one
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Reinforcement Learning from Machine Feedback

Increasingly, labelling is a human-machine collaboration

§ LLMs can reference and follow the labeling instructions just as humans can

- LLMs can create drafts for humans to slice together into a final label

- LLMs can review and critique labels based on the instructions

- …
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Summary

§ Stage 1: Pretraining
1. Download ~10TB of text
2. Get a cluster of ~6,000 GPUs
3. Compress the text into a neural network, pay ~2M, wait ~12 days
4. Obtain base model

§ Stage 2: Finetuning
1. Write labeling instructions
2. Hire people (or use scale.ai), collect 100K high quality ideal Q&A responses, and/or comparisons
3. Finetune base model on this data, wait ~1 day
4. Obtain assistant model

5. Run a lot of evaluations
6. Deploy
7. Monitor, collect misbehaviors, go to step 1

§ Stage 3: Finetuning using Reinforcement Learning from Human Feedback (RLHF)
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Example: Llama-Family Models

§ Llama are open-source LLMs 
developed by Meta

§ Available on HuggingFace [Link]

§ Models, such as “Meta-Llama-3-70B”, 
are base models

§ Models with “Instruct” are assistant 
models
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https://huggingface.co/meta-llama


LLM Scaling Law

§ Performance of LLMs is a smooth, well-behaved, 
prediction function of:

- The number of parameters in the network

- The amount of text we train on

§ The trends do not show signs of “topping out”

§ We can expect more intelligence “for free” by scaling 

§ What are the potential limitations we might face even 
as models continue to scale?

- Diminishing returns
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ChatGPT-o1: A New Scaling Paradigm at Inference Time

What’s exciting about o1 aka Strawberry?
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Source: OpenAI



Frontier: Mixture-of-Experts (MoE)

§ Divide and Conquer: 

- In a traditional neural network, all parameters are 
used to process every input

- In contrast, a Mixture-of-Experts model divides its 
parameters into smaller groups called “experts” 

- Each expert specializes in a particular type of task or 
knowledge domain

§ Intelligent Routing: A “gating network” analyzes the 
input and decides which combination of experts is best 
suited to handle the specific task
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Frontier: Self-Improvement

§ AlphaGo had two major stages

1. Learn by imitating expert human players

2. Learn by self-improvement (reward = win the 
game)

§ Big questions in LLMs

1. What does Step 2 look like in the open domain 
of language?

2. Main challenge is the lack of a reward criterion

§ Hope in specific domains

- Finance and investment: What would be an 
appropriate reward criteria of financial 
analysis for investment?
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Frontier: Audio

Speech to Speech communication
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Frontier: Vision

LLMs can both see and generate images

§ Example: GPT-4 Developer Livestream [Link to Demo]
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https://www.youtube.com/live/outcGtbnMuQ?si=Ziq3JB0utlN9F-hB


Frontier: Video Generation

Generate videos using textual prompt
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Prompt: Two mountain explorers in bright technical shells, 

ice crusted faces, eyes narrowed with urgency shout in the 

snow, one at a time 

-- Sora 2, OpenAI

Prompt: Spaceship navigating asteroid field with laser 

effects, dramatic orchestral score, camera shake

-- Seedance 2.0 by ByteDance

https://openai.com/index/sora-2/
https://seedance2.app/


My LLM Toolbox

LLM / Software Note and Usage

Gemini My primary chatbot

Cursor Coding, writing

Claude Writing (via API)

Perplexity Search, financial news, literature 

search

Notebook LM YouTube Video consumption, 

podcast generation
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LLM Leaderboards

§ Scale Leaderboards [Link]

- Humanity’s Last Exam: Frontier of human 
knowledge

- Puzzle solving

- Visual language understanding

- Agentic tool use

§ llm-stats.com [Link]

§ LM Arena [Link]

§ Don’t trust performance on popular ML 
benchmarks
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https://scale.com/leaderboard
https://llm-stats.com/
https://arena.ai/leaderboard


Small Language Models and Distillation

§ Small language models

- Smaller, more efficient versions of large language models

- Designed for faster inference and lower computational requirements

- Trade-off between model size and performance

§ Distillation process: Transfer knowledge from large “teacher” models to smaller “student” models

- Uses outputs of larger model to train smaller model

- Aims to maintain performance while reducing model size

§ Example Small LLMs (2026 April): Qwen3.5-0.8B, Gemma-3n-E2B-IT

§ Why does small LLMs matter?
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LLM Security
LLMs introduce new security challenges
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Human-based Jailbreak

Jailbreak prompts that originate in online communities

26

Do Anything Now (DAN) Prompt Prefix Injection Attacks



Obfuscation-based Jailbreak
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Base64 Encoding

Morse Code



Optimization-based Jailbreak
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AutoDAN



Activity: Gandalf AI [Link]
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https://gandalf.lakera.ai/do-not-tell


LLM Security in the LLM Era

§ LLM security is new and evolving rapidly

- Jailbreaking

- Prompt injection

- Backdoors & data poisoning

- Adversarial inputs

- Insecure output handling

- Data extraction & privacy

- Data reconstruction

- Watermarking & evasion

§ The Attack and defense in LLM security is like a Cat and Mouse Game

- Alignment fine-tuning via RLHF
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Other Concerns in the LLM Era

§ Data privacy concerns: LLMs are trained on vast amounts of data, potentially including sensitive 
information

§ Intellectual property issues:

- Potential copyright infringement in training data

- Ownership of AI-generated content

- Implications for patents and trade secrets

§ Bias and fairness: LLMs may perpetuate or amplify biases present in training data

- Emerging regulations on AI and data protection (e.g., GDPR, CCPA)

- Compliance challenges for organizations using LLMs

§ LLMs present challenges in the regulatory landscape
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Learning Objectives and Course Schedule

§ Gain hands-on experience with advanced techniques 
for leveraging large language models, including 
prompt engineering, retrieval-augmented generation, 
and fine-tuning, to develop tailored solutions to 
practical problems. [Week 14, 15]

§ Explore and analyze diverse use cases of large 
language models in finance and beyond, enabling 
students to recognize the potential of LLMs and 
identify opportunities for LLM-driven solutions when 
addressing real-world problems. [Week 13, 16]
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https://youtu.be/zjkBMFhNj_g?si=wGSmfI5syTmArdUn
https://cybernetist.com/2024/09/23/some-notes-on-adversarial-attacks-on-llms/
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