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〈𝑆, 𝐴, 𝑃, 𝑟, 𝛾〉 𝑆 𝐴

𝑃: 𝑆 × 𝐴 ⟶ ∆(𝑆) 𝑟: 𝑆 × 𝐴 ⟶ ℝ 𝛾 ∈

[0, 1) 𝜋: 𝑆 × 𝐴

𝑃

𝑃(𝑠, 𝑎)

𝜋

𝑉(𝑠) 𝑠

𝑉(𝑠) = max
𝑎∈𝐴

{𝑟(𝑠, 𝑎) + 𝛾  inf
𝑝∈𝑃(𝑠,𝑎)

∑ 𝑝(𝑠′|𝑠, 𝑎)𝑉(𝑠′)

𝑠′

}  .

𝑃(𝑠, 𝑎)

𝜋

inf 
𝑥∈𝑋

  sup
p∈𝑃

𝐸𝑃[𝑓(𝑥, 𝜉)] ,

𝑃 𝑃̂𝑛

𝑃 = {𝑃 ∶  𝑊𝑝(𝑃, 𝑃̂𝑛) ≤ ϵ} 𝑊𝑝 𝑝

ϵ   𝑃

𝑃 𝑃̂𝑛

sup 𝐸𝑝
p∈𝑃

[ℓ(𝑥, 𝜉)] =
1

𝑛
∑ sup

𝜉
{ℓ(𝑥, 𝜉) − 𝜆𝑑(𝜉, 𝜉𝑖)𝑝} + 𝜆𝜖𝑝

𝑛

𝑖=1

 ,



406 
 

(𝜆 ≥ 0) 𝜖  ℓ(𝑥, 𝜉) 

  

 

𝑟(𝑠, 𝑎) ∈ ℝ𝑘 𝑘

𝑉𝜋(𝑠)

𝑉𝜋(𝑠) = min
𝑝∈𝑃(𝑠,𝜋(𝑠))

  𝐸𝑝 [∑ 𝛾𝑡𝑟(𝑠𝑡, 𝜋(𝑠𝑡))

∞

𝑡=0

] .

𝑉𝜋(𝑠)

𝑃

𝒂 𝒃

Δ𝑉(𝑠, 𝑎, 𝑏) = 𝑉𝜋𝑎(𝑠) − 𝑉𝜋𝑏(𝑠) .

𝑗∗ = argmax
𝑗

∆𝑉𝑗
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ℰ: 𝑆 × 𝐴 → ℝ𝑚 𝐿ℰ

d(ℰ(𝑠, 𝑎), ℰ(𝑠′, 𝑎)) ≤ Lℰ‖𝑠 − 𝑠′‖2, ∀𝑠, 𝑠′ ∈ 𝑆

𝐿ℰ

𝐴

ϵ − ball  ϵ  

 B(s, ϵ)  s s′ ∈ B(s, ϵ)

sign(ℰ(s′, a)j) = sign(ℰ(s, a)j) .

T(s, a)

[0, 1]

T(s, a) = ω1 ⋅ F(s, a) + ω2 ⋅ I(s, a) + ω3 ⋅ C(s, a) ,

𝐹

𝐼

𝐶

𝑇 =
1

1 + 𝑒−𝛼(𝑝−𝜃)
 ,
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𝑝 𝜃

𝛼

𝜏 T(s, a) < 𝜏
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