
First step of reverse augmentation with ℎ steps: 

{𝑠−ℎ′ , 𝑎−ℎ′ , 𝑠−ℎ′+1 , 𝑎−ℎ′+1, … , 𝑠−2, 𝑎−2, 𝑠−1, 𝑎−1, 𝑠0}

𝑠0 ∼ 𝐷𝐸 , 𝑎𝑖 ∼ 𝜋𝑟 𝑠𝑖+1 , 𝑠𝑖 ∼ ෠𝑇𝑟(𝑠𝑖+1, 𝑎𝑖)
Beyond expert-observed area: 

1) expand the target states 𝐺
𝐶𝑜𝑛𝑓𝜋 𝑠 = 𝜋(𝔼[𝜋(𝑎|𝑠)]|𝑠)

𝑠0 ∼ 𝐺 = 𝑠 𝐶𝑜𝑛𝑓𝜋 𝑠 ≥ 𝔼𝑠′∼𝐷𝐸𝐶𝑜𝑛𝑓𝜋 𝑠′

∪ {𝑠′|𝑠′ ∈ 𝐷𝐸}
2) re-sample the augmented instances

𝑝 𝑠 = 1/𝐶𝑜𝑛𝑓𝜋(𝑠)
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Offline Imitation Learning

Imitation Learning: recover a policy from expert dataset. 

In offline IL, expert data is limited, supplementary offline data is rich but low-quality.

Forward Rollout Reverse Rollout SRA MILO

Webpage Code WeChat

· Forward Augmentation v.s. Reverse Augmentation

· Self-paced Learning Process

State-wise cumulative return and Re-sampled augmented datasets 

after 0, 50000, 100000, and 150000 iterations

· Scalability for Different RL Methods

· Performance on Benchmarks

The Proposed Method: Self-Paced Reverse Augmentation

Reverse Models
Self-Paced Augmentation

Without reward supervision, it is difficult to determine what action an agent 

should take when outside the state distribution of the expert demonstrations. 

Reverse dynamic model ෠𝑇𝑟, approximating 𝑇(𝑠𝑡|𝑠𝑡+1, 𝑎𝑡): 
max
෠𝑇𝑟

σ(𝑠𝑡,𝑎𝑡,𝑠𝑡+1)
log ෠𝑇𝑟 (𝑠𝑡|𝑠𝑡+1, 𝑎𝑡)

Reverse behavior policy 𝜋𝑟, a VAE-based actor, 

approximating 𝑝(𝑎𝑡|𝑠𝑡+1): 
log 𝜋𝑟 𝑎 𝑠

≥ 𝔼𝑧∼𝜋𝑟𝑒 ⋅ 𝑠, 𝑎 log 𝜋𝑟
𝑑 𝑎 𝑧, 𝑠 − 𝐾𝐿(𝜋𝑟

𝑒(𝑧|𝑠, 𝑎)||𝑝(𝑧|𝑠))

Evaluation of MILO

We prefer the actions which lead the agent from 

expert-unobserved states to expert-observed states.

Generate 

reverse 

trajectories

Previous methods keep agents conservative, confining them to the expert-observed area.                 

MILO [NeurIPS’21], CLARE [ICLR’23], ML-IRL[NeurIPS’23]…

Agents could follow 

reverse trajectories to reach 

the expert-observed area, 

improving long-term returns.

Main Idea 
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