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Logistics

● Homework assignments
○ Homework 0 & 1, due 3/3 & 3/10 

■ 5% extra credits each



Reinforcement learning from human feedback (RLHF)



RLHF pipeline: putting it all together
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Step 3: RL fine-tuning

The second term prevents the model from deviating too far from the 
distribution on which the reward model is accurate.

y = 𝜋θ(x)



Reinforcement Learning



Policy Gradient Algorithms



Policy Gradient Algorithms



Policy Gradient

Log-derivative trick



Policy Gradient (cont’d)

Each sampled action 
contributes a gradient, 
scaled by how good the 
outcome was



Policy Gradient (cont’d)



Advantage form (most important)

Policy gradient updates the 
model by increasing the 
log-probability of actions that
produced better-than-expected 
outcomes and decreasing those 
that produced
worse outcomes.
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High-level framework

Policy gradients update the 
model by changing the 
log-probabilities of what it 
sampled, where the change is 
scaled by how good the 
outcome was.



High-level framework (cont’d)

Think of Gt as the score from your teacher 
for each essay you write

Think of bt as your own internal expectation 
(“I usually get an 80 on essays like this”)



Return



KL penalty per token (reward shaping)



KL penalty per token (reward shaping)



Policy Gradient Algorithms (cont’d)

● REINFORCE
● RLOO (REINFORCE Leave One Out)
● PPO (Proximal Policy Optimization) 





REINFORCE



REINFORCE (cont’d)



REINFORCE (cont’d)



REINFORCE (cont’d)



REINFORCE (cont’d)



RLOO



RLOO (cont’d)



RLOO (cont’d)



RLOO (cont’d)





PPO

advantage

Think of the reward model as a teacher who 
grades each essay you write

The critic is like your own internal expectation 
(“I usually get an 80 on essays like this”)



PPO (stable updates + token-level credit)





PPO with Temporal-Difference (TD) error



PPO with Generalized Advantage Estimation (GAE)



Core PPO policy objective (clipped)



Thank you!


