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Inverse Reinforcement learning

• learn a potential reward function under which the experts behavior policy is optimal. 



Auto-drive Experiment

• X: Action(acceleration), [0, 1]
• Z: Location of surrounding cars
• Y: αx + βz − γxz,  0 < α < γ, Reward function
• U1: car horn of surrounding vehicles 
• U2: wind condition



Auto-drive Experiment

Y ← (1 − X)Z + X(1−Z)

Behavior policy:
P (X = 1 | Z = 0) = 0.6 
P (X = 0 | Z = 1) = 0.4

E[Y ] = 0.5

E[Y |do(π∗)] = 1

outperform E[Y ] = 1

Expert can hear horn

E[Y |do(π∗)] = 0.5

worse

Expert 
observation

imitator 
observation

Dismatch

What can we do to 
prevent?



Definition: SCM is a tuple                    represent the causal relationships 
between variables in a system, where the nodes represent the variables in the 
system and the edges represent the causal relationships between them。

 X : endogenous variables
U : exogenous variables, 
 F  : functions determining X, 

for each Xi, 
Xi := ௜ ௣௔ ௜,௖ ௜

 P(u) is a distribution over U

(X, U, F, P(u)),
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Preliminary

• Policy Scope
a policy scope S (for short, scope) over actions X is a sequence of tuples                      where Zi ⊆

for every Xi ∈ X, 
{⟨Xi, Zi⟩}௜ୀଵ

௡ Pa௜
∗

S = {⟨X1, {Z1}⟩, ⟨X2, {Z2}⟩}

A policy π ∼ S is a sequence of distributions π = {π1(X1 | Z1), π2(X2 | Z2)}

• π-backdoor criterion
Xi is not an ancestor of Y；

or
Zi blocks all backdoor path from Xi to Y

• minimal π-backdoor admissible scope
there exists no proper subscope S′ ⊂ S satisfying the sequential π-backdoor in G



Preliminary

• MWAL: 基于projection算法的优化方法
• Projection

1. 根据给定的奖励函数（由当前w计算出）找出一个最优策略。
2. 计算给定策略（1中最优策略）的特征期望

可以保证学徒的和专家的价值差距有一个上限 可能一样好，也可能一样坏



Preliminary

1.通过当前policy采样得到的数据与专家数据进行对抗训练来训练Discriminator；
2.利用Discriminator作为surrogate reward function来训练策略Policy（TPRO）

• GAIL: 基于GAN生成专家数据直接学习专家策略

通过推导，将IL求解cost function的公式变为：



Minimal Sequential Backdoor Criterion



Imitation Via Inverse Reinforcement Learning

• Object Function:



Imitation Via Inverse Reinforcement Learning

• Causal MWAL

• Causal GAIL

Proposition 1. For a hypothesis class R = {r = w · φ | w ∈ Sk}, the solution ν∗ of the canonical 
equation in Eq. (3) is obtainable by solving the following minimax problem: 

where G is a k × n matrix given by G(i, j) = 



Imitation Via Inverse Reinforcement Learning

Causal MWAL



Imitation Via Inverse Reinforcement Learning

Causal GAIL



Experiment
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