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Reinforcement Learning

Study Notes: From the basics to PPO and GRPO

Xin Zhang

• What is the reinforcement learning?
• What are PPO and GRPO?
• How is RL utilized in LLMs?
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Reinforcement Learning

2025 Turing Award 2016 AlphaGo2025 deepseek-R1
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What is Reinforcement Learning
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Reinforce Learning

Find a policy to maximize the reward.
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Supervised Learning
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0
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Find a model to fit the mapping.

labeled data
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Markov Decision Process
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Randomness and Expectation
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The Top-Down Framework

value-based

policy-based
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Policy Gradient

TRPO PPO GRPO

REINFORCE

Actor-Critic
intuition

Math R1

evaluate

probability



Reinforcement Learning Xin Zhang 7

Temporal Difference

10 min

10 min

About 30min

About 20min

About 18min

Ideal

realistic

How to estimate

1 Monte Carlo

…

…
…

2 Temporal Difference

biasvariance

TD target

one-step biasvariance

28min is more 
accurate

multi-step
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SARSA and Q-learning

NN 23

23

Table Query

Neural Network

(SARSA, Q-Learning)

(DQN)

A policy

another policyA policy

SARSA

Q-Learning

obtain

on-policy

obtain

off-policy
behavior policy target policy

Table Update:

NN Update:
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Policy Gradient

Maximize the return

NN
SoftMax 0.4

0.2

0.3

0.1

Gradient Ascent

Optimization

Differentiate a composite function

Ignore one item

random gradient
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REINFORCE and Actor-Critic
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The Problem of Policy Gradient

Difficulty in setting the step size for updates.

A new policy is better

Trust region



Reinforcement Learning Xin Zhang 12

Trust Region Policy Optimization

Approximation 1: Ignoring the changes in the state distribution.

Approximation 2: Importance sampling.

TRPO

Advantage function

initial state unchanged

new policy old policy

Importance Sampling
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Proximal Policy Optimization

PPO-penalty

PPO-clip

TRPO
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Generalized Advantage Estimation
1 Monte Carlo

2 Temporal Difference

biasvariance

one-step biasvariance

multi-step

Multi-Step Temporal Difference
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Training Process of PPO
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Large Language Model

Causal Language Model

I loveword

logits [1, vocab_size] …

my

embedding [1,d]

output [1,d]

Causal Language Model

cat

I myword love

embedding [1,d]

output [1,d]

logits [1,vocab_size] …………

Linear [d,1]
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How To Train A Reward Model

Bradley-Terry

win lose

A vs. B 8 4

A vs. C 3 5

B vs. C 2 3

Maximum Likelihood Estimation

reward model

LM
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Training Process of PPO in LLM

ref model

Causal Language Model

[1,vocab_size]
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policy model
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value model

value
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reward

KL

reward
KLreward
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Group Relative Policy Optimization

Causal Language Model

_get_per_token_logps()prompt completions rewards advantages

new_per_token_logps old_per_token_logps ref_per_token_logps

Model(Math) | Rule(R1)
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Review the PPO and GRPO
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踏上取经路，
比抵达灵山更重要。

——《黑神话:悟空》制作人 冯骥


