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Imitation Learning

Offline IL:  learn from static data generated by the expert   (𝑠1, 𝑎1
⋆, 𝑠2, 𝑎2

⋆ , … , 𝑠𝐻 , 𝑎𝐻
⋆ )

Online IL:  may interact with MDP and query the expert  (𝑠1, 𝑎1, 𝑎1
⋆, 𝑠2, 𝑎2, 𝑎2

⋆ , … , 𝑠𝐻 , 𝑎𝐻 , 𝑎𝐻
⋆ )
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(expert choice)

∈ Supervised Learning

Goal:  output a policy ො𝜋 such that  𝑉𝜋⋆ 𝜌 − 𝑉ෝ𝜋(𝜌)  is small 



Examples

● Language models ● Robotics



Types

● Direct Imitation:  directly learn policy to imitate the expert

● Behavior cloning 

● DAgger 

● Direct preference optimization (preference feedback)

● Occupancy matching

● DICE 

● GAIL 

● Inverse RL:  learn an MDP (or just reward function) from expert, and perform RL on it

● Adversarial IRL  (paper)

● MaxEnt IRL  (paper)

● RLHF (preference feedback)

https://arxiv.org/abs/1710.11248
https://cdn.aaai.org/AAAI/2008/AAAI08-227.pdf


Behavior Cloning:  Reduction to Classification

Relate 𝑉𝜋⋆ 𝜌 − 𝑉ෝ𝜋(𝜌)  to  𝔼𝜋
⋆ 1

𝐻
σℎ=1
𝐻 𝕀 ො𝜋 𝑠ℎ ≠ 𝑎ℎ

⋆



Behavior Cloning:  Reduction to Classification

Issue:  distribution shift



Behavior Cloning:  Reduction to Classification

The bound might be pessimistic

● Single mistake may not lead to catastrophic failure



Solution

● Data augmentation

Bojarsky et al. End to End Learning for Self-Driving Cars. 2016



Solution: Interact with Expert (Online IL)
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