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Maximum Entropy IRL
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𝜃𝜃∗ = arg max
𝜃𝜃

− ∑𝑑𝑑𝑖𝑖 𝑝𝑝 𝑑𝑑𝑖𝑖 𝜃𝜃 log 𝑝𝑝 𝑑𝑑𝑖𝑖 𝜃𝜃
𝑠𝑠. 𝑡𝑡. 𝑓𝑓𝜋𝜋 = f̃𝐷𝐷 (feature matching)

其中 f̃𝐷𝐷= 1
𝑁𝑁
∑𝑑𝑑𝑖𝑖 ∈𝐷𝐷 ∑𝑡𝑡=0

𝑘𝑘 𝑓𝑓𝑖𝑖𝑡𝑡
𝑓𝑓𝜋𝜋 = ∑𝑑𝑑𝑖𝑖 𝑝𝑝 𝑑𝑑𝑖𝑖 𝜃𝜃 𝑓𝑓𝑑𝑑𝑖𝑖

Notation
𝜃𝜃 : parameter of reward function
𝜋𝜋 : optimal policy
𝑑𝑑𝑖𝑖 : trajectory
𝑓𝑓𝑠𝑠 : feature of state s
𝑓𝑓𝑑𝑑𝑖𝑖 : feature of trajectory
𝑓𝑓𝜋𝜋 : feature expectation of trajectory generated by policy
f̃𝐷𝐷: feature expectation of trajectory given by human

演示者
演示文稿备注
𝑟= 𝜃 𝑇 𝑓 



IRL from Failure
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max
𝜋𝜋,𝑤𝑤,𝑧𝑧

𝐻𝐻 𝐷𝐷 + 𝑤𝑤𝑤𝑤 − 𝜆𝜆
2
𝑤𝑤 2

𝑠𝑠. 𝑡𝑡. 𝑓𝑓𝜋𝜋 = f̃𝐷𝐷
𝑓𝑓𝜋𝜋 − f̃𝐹𝐹 = 𝑤𝑤

其中 𝐻𝐻 𝐷𝐷 causal entropy is defined as:

𝐻𝐻 𝐷𝐷 = −�
𝑡𝑡

�
𝑠𝑠1:𝑡𝑡,𝑎𝑎1:𝑡𝑡

𝑝𝑝 𝑎𝑎1:𝑡𝑡, 𝑠𝑠1:𝑡𝑡 log(𝑝𝑝(𝑎𝑎𝑡𝑡|𝑠𝑠𝑡𝑡))

Notation
f̃𝐹𝐹 : feature expectation of failure experience
𝑤𝑤 : difference between feature expectation of failure experience and feature expectation following 𝜋𝜋
𝑤𝑤 : lagrange multiplier of z
𝜃𝜃𝑑𝑑 , 𝜃𝜃𝑓𝑓: parameter of reward function learning from demonstration and failure experience respectively.

Optimization step
𝜃𝜃𝑑𝑑 = 𝜃𝜃𝑑𝑑 − 𝛼𝛼 𝑓𝑓𝜋𝜋 − f̃𝐷𝐷

𝜃𝜃𝑓𝑓 = 𝑓𝑓𝜋𝜋−f̃𝐹𝐹

𝜆𝜆



HI-IRL
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• Interative setting
• Provide subgoal supervision-breaking task into subtasks.

Step1
Human expert provides several full demonstrations and define subgoals

Step2
Agents tries the defined subtasks. 𝑠𝑠𝑟𝑟 → 𝑠𝑠𝑠𝑠𝑠𝑠𝑏𝑏1 → ⋯ → 𝑠𝑠𝑠𝑠𝑠𝑠𝑏𝑏𝑖𝑖 → 𝑠𝑠𝑔𝑔𝑔𝑔𝑎𝑎𝑔𝑔 .

Step3
Human provides further demonstrations if needed.

Step4
Learning reward functions from both failure experiences and expert 
demonstrations
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Algorithm



Experiment
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Baseline
1.MaxEntIRL
2.HI-IRLwos. The agent will be required to complete entire task and 
expert provide full demonstration.
3.HI-IRLwr. Randomly select states as subgoals



Result
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