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Summary so far

Model-based
MPC

Dreamer
MuZero

Value-based
DQN

Policy-based
Reinforce

DPG
TRPO
PPO

Online RL

Actor-critic
A2C



Chapter 6: Imitation
Learning



Imitation is at the heart of human/animal
learning



Imitation is at the heart of human/animal
learning
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𝑓 	 ≈ 
Goal: find 𝒇 such that

What is imitation learning?



Examples of Imitation Learning



Why do imitation learning

1. There are expert data available, why not make use of it? e.g. LLM.

2. It’s hard to define a reward function for the desired behavior, give
me a demo. e.g. autonomous driving.
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𝑓 	 ≈ 
Goal: find 𝒇 such that

How to perform imitation learning?
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Given a data set of (X, Y) pairs, predict Y as a function of X.

This is exactly supervised learning:

• Classification (finite discrete actions)

• Regression (continuous actions)

Approach 1: Behavior Cloning (BC)

Square loss:
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How well does this work?

Let’s assume supervised learning succeeded:

Approach 1: Behavior Cloning (BC)

<latexit sha1_base64="CtChRLZDwzYy5xeQL6R1VzKmsJE="></latexit>

Es⇠d⇡? [⇡̂(s) 6= ⇡
?(s)]  ✏ ⇡ O(

p
1/N)

Quadratic error amplification
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Proof: Performance Difference Lemma: 1 − 𝛾 𝑓 𝜋 − 𝑓 𝜋" = 𝔼#,%∼'! 𝐴(
" 𝑠, 𝑎

Approach 1: Behavior Cloning (BC)
<latexit sha1_base64="CtChRLZDwzYy5xeQL6R1VzKmsJE="></latexit>

Es⇠d⇡? [⇡̂(s) 6= ⇡
?(s)]  ✏ ⇡ O(

p
1/N)SL guarantee:



The Distribution Shift problem in BC

• Let’s see an example



The Distribution Shift problem in BC

• This is fundamental to offline RL/IL.



How to prevent it?

• Naïve approach: expert demonstrations from all possible starting
states.
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Proof: Performance Difference Lemma: 1 − 𝛾 𝑓 𝜋 − 𝑓 𝜋" = 𝔼#,%∼'! 𝐴(
" 𝑠, 𝑎

Analysis
SL guarantee:
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