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AI Agents are powered by LLMs

Common case: Call models over inference API to build agents
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Why Dive into LLMs?

● Intellectual curiosity → how are these “engines” built  

 

● Failure modes they may introduce in agents → informs 
agent evaluations

● Understanding why they succeed and fail → informs 
agent optimizations
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Training LLMs
Source: Deep Dive into LLMs like ChatGPT (YouTube | Andrej Karpathy)

● Phase 1: Pre-training

 

● Phase 2: Post-training
○ Supervised Fine-Tuning
○ Reinforcement Learning

https://www.youtube.com/watch?v=7xTGNNLPyMI
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Deep Learning: Origins in 1980s
Link

https://awards.acm.org/about/2018-turing
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Pre-Training LLMs

GA: Generally Available | PU: Public Preview
OpenAI models in Cortex AI coming soon

● Step 1: Download & pre-process the Internet 
● Step 2: Tokenization
● Step 3: Train the neural network 
● Step 4: Inference 
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Step 1: Download & pre-process the Internet

FineWeb: 44TB

https://huggingface.co/spaces/HuggingFaceFW/blogpost-fineweb-v1
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Step 2: Tokenization
Represent text with 1D symbol sequence before training neural networks

2.  UTF-8 bits

1. Raw text 

3.  Group 8-bits

1D symbol sequence

Shorter symbol 
sequence

4.  Byte Pair Encoding 

Even shorter 
symbol sequence

~100K tokens in GPT-4
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Step 2: Tokenization
Represent text with 1D symbol sequence before training neural networks

OpenAI Tokenizer

https://platform.openai.com/tokenizer
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Step 3: Train the neural network
Context 

Context = Window  of tokens

Typical context size: 8K tokens 
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Step 3: Train the neural network
Predict next token given context 
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Step 3: Train the neural network
Neural network internals  

Update neural network weights to increase the probability of the correct next token (e.g. 3962)
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Step 3: Train the neural network
Neural network internals  

Update neural network weights to increase the probability of the correct next token (e.g. 3962)
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Step 4: Inference
To generate data, predict one token at a time 

Generating stochastic token sequences “inspired” by training data
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Reproducing GPT-2

Reproducing GPT-2

● At every step, this training run takes a chunk of ~1 million tokens of FineWeb-EDU, and 
updates the 1.6B weights of the model to be slightly better at predicting the next token in a 
sequence. 

● Each step is about 2.75 seconds and there are 32,000 of them, so it takes ~24 hours. 
● By the end we'll have processed 32,000 * 1048576 = 33.6B tokens in total. 
● The loss goes down as we do a better job predicting the next token. 

https://github.com/karpathy/llm.c/discussions/677
https://huggingface.co/datasets/HuggingFaceFW/fineweb-edu
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Open Source “Base” LLMs

● OpenAI GPT-2 (2019): 1.6B parameters trained on 100B tokens
● Llama 3 (2024): 405B parameters trained on 15T tokens  

 

● What is the release of a model?
○ Code for running the Transformer (e.g. 200 lines of Python code)
○ Parameters of the Transformer (e.g. 1.6B numbers)
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Base Models are Not an Assistant

Play with Llama 3.1 405B BASE

https://app.hyperbolic.ai/models/llama31-405b-base-bf-16
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Base Models Hallucinate 

Play with Llama 3.1 405B BASE

https://app.hyperbolic.ai/models/llama31-405b-base-bf-16


SNOWFLAKE GSLIDES THEME 2025.01

Base Models with Few-Shot Prompting  
In Context Learning to create an (imperfect) Assistant 

Play with Llama 3.1 405B BASE

https://app.hyperbolic.ai/models/llama31-405b-base-bf-16
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Training LLMs

● Phase 1: Pre-training

 

● Phase 2: Post-training
○ Supervised Fine-Tuning
○ Reinforcement Learning
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Build Assistant by Post-Training Base Models on 
Conversations Data

Paper 

https://arxiv.org/pdf/2203.02155
https://arxiv.org/pdf/2203.02155
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Post-Train Base Models on Conversations Data
Paper 

https://arxiv.org/pdf/2203.02155
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Instructions to Human Labelers
Paper 

https://arxiv.org/pdf/2203.02155
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Conversation Dataset: Human Generated 

Dataset 

Paper 

https://huggingface.co/datasets/OpenAssistant/oasst1
https://arxiv.org/abs/2304.07327
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Conversation Dataset: LLM Generated

Dataset 

Paper 

https://github.com/thunlp/UltraChat?tab=readme-ov-file
https://arxiv.org/pdf/2305.14233
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Conversations: Text → 1D Sequence of Tokens 

Can train in the usual way to predict next token
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Assistant: Inference Time  

Let Assistant predict next tokens
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Hallucinations
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Hallucinations: Mitigations
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2025
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Training LLMs

● Phase 1: Pre-training

 

● Phase 2: Post-training
○ Supervised Fine-Tuning
○ Reinforcement Learning
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Reinforcement Learning: Rise of Reasoning Models  

RL has been behind the rise of Reasoning Models 

● OpenAI GPT5-Pro
● Anthropic Claude Opus 4
● Google Gemini 2.5 Pro 
● DeepSeek-R1
● Qwen
● … 
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Reinforcement Learning: Origins in 1980s
Link

https://awards.acm.org/about/2024-turing
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Motivation for Reinforcement Learning 
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Reinforcement Learning: Main Idea  
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Summary

● Pre-training and Post-training (SFT, RL) summary

● Review notes, play with linked resources

● Optional: Review Karpathy’s lecture 
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Thanks!
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Neural network visualization

Play with the LLM Visualization

https://bbycroft.net/llm

