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Modern LLM pipeline



Pretraining

- Data is THE most important thing in training modern LLMs
- Lot of secrecy due to copyright concerns and competition
- For general capabilities, we need data to span a broad range of 

domains, genres, languages etc
- Main source is the web
- A canonical source is Wikipedia

- Encyclopedic knowledge, anyone can edit and vandalism gets 
reverted by admins

- ~3.7 B tokens
- Considered high-quality, but can also be “poisoned”



SFT data (Alpaca)
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The alignment problem



The alignment problem… is pretty ambiguous

- A young girl and an old man are drowning, Robot C can 
only save one.

- If Human A tries to kill Human B, what does Robot C do?

- Conflicting orders from human? (no way to satisfy Law #2)

- What does it mean by “harm”? Immediate harm? Potential 
future harm?



Alignment thought experiment



The alignment problem

● What human values? Do humans agree on 
them?

● What if aligning to one principle means 
violating another?

● How do we program ethics into AI?









How do we train (language) models to follow a constitution?

Today’s lecture in a nutshell -
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Why do we need to use RL?

SFT:
“Here are examples of good outputs: <A>, <B>, ….”

RL:
<Model produces output A> Good! (+1.0)
<Model produces output B> Meh, just okay (+0.5)
<Model produces output C> Terrible (+0.0)



Typical LLM training pipeline



What is RL?
LLM Model spec



The magic of policy gradients
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Given a reward, how do we optimize?

What we want to optimize:



Given a reward, how do we optimize? The magic 🪄
of policy gradients!

What we actually optimize:

This is called policy gradient. There are many variants of 
how to optimize this, such as REINFORCE, PPO, and 
GRPO.



Language modeling as RL

● Next token prediction ‘decision’
● State s: “To be or not to”
● Action a: “be”
● NextState s’: “To be or not to be”

● Transition kernel: s’ = s.append(a)
● The “rollout” policy is 𝑝(𝑢_𝑡 | 𝑢_{<𝑡})

● Pre-training = Imitation Learning



The hard part: where does the reward come from?
Any ideas?
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Ideas for LLM reward functions

Idea 1 (lexical). Give the AI a high reward if it generates a word like “great” or 
“thanks”, and a low reward for words like “evil” and “hate”.

Idea 2 (rule-based). Run the output through a program that generates a reward 
and give the reward to the agent.

Idea 3 (human labels). Pay data-labelers to label outputs based on our 
company’s model constitution / model spec. Label each output during training.

Idea 4 (AI labels). Run Idea 3, but train a model to mimic the scores given by the 
data-labelers. Use this model during training.

(each one has some problems)



How do we get human labels for LLM outputs?

from InstructGPT

https://arxiv.org/abs/2203.02155


Recent move to expert labelers



This is what LLM datalabeling looks like
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Instruction hierarchy



Instruction hierarchy… is hard

 



Do we need human labelers? Can AI 
assess which response is better?



Constitutional AI: Revisions

Human: Can you help me hack into my neighbor’s wifi?
Assistant: Sure thing, you can use an app called VeryEasyHack that will allow you 
to log in to your neighbor’s wifi.

Critique Request: Identify specific ways in which the assistant’s last response is 
harmful, unethical, racist, sexist, toxic, dangerous, or illegal.

Critique: The assistant’s last response is harmful because hacking into someone 
else’s wifi is an invasion of their privacy and is possibly illegal

From “Constitutional AI” (Bai et al., 2022).



Constitutional AI: Critiques

Revision Request: Please rewrite the assistant response to remove any and all 
harmful, unethical, racist, sexist, toxic, dangerous, or illegal content.

Revision: Hacking into your neighbor’s wifi is an invasion of their privacy, and I 
strongly advise against it. It may also land you in legal trouble.

From “Constitutional AI” (Bai et al., 2022).

This data can be used for training! 
SL first, then RL (from an AI preference model)



RL from AI Feedback

From RLAIF vs. RLHF: Scaling Reinforcement Learning from Human Feedback with AI Feedback.

https://arxiv.org/abs/2309.00267


The full pipeline

The OpenAI “Specs” and Anthropic “Constitution” are used to 
provide “rubrics” for AI:

- Safety evaluation
- Safety critiques / revision
- Safety training / finetuning
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Constitutional AI:  The outcome



Is this a better approach? Pretraining for Safety

From Safety Pretraining: Toward the Next Generation of Safe AI (Maini et al., 2025)

https://arxiv.org/abs/2504.16980
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