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1 3.12
𝑣𝜋 = 𝔼𝜋[𝐺𝑡|𝑆𝑡 = 𝑠] = ∑

𝑎∈𝒜
𝜋(𝑎|𝑆𝑡 = 𝑠)𝔼𝜋[𝐺𝑡|𝑆𝑡 = 𝑠, 𝐴𝑡 = 𝑎] = ∑

𝑎∈𝒜
𝜋(𝑎|𝑆𝑡 = 𝑠)𝑞𝜋(𝑠, 𝑎)

2 3.13

𝑞𝜋 = 𝔼𝜋[𝐺𝑡|𝑆𝑡 = 𝑠, 𝐴𝑡 = 𝑎] = ∫
𝑆′

∫
𝑅

𝐺𝑡𝑝(𝑠′, 𝑟|𝑠, 𝑎)𝑑𝑠𝑑𝑟 = ∫
𝑆′

∫
𝑅

(𝑟𝑡 + 𝛾𝐺𝑡+1)𝑝(𝑠′, 𝑟|𝑠, 𝑎)𝑑𝑠𝑑𝑟

= ∫
𝑆′

∫
𝑅

𝑟𝑡𝑝(𝑠′, 𝑟|𝑠, 𝑎) + 𝛾𝐺𝑡+1𝑝(𝑠′, 𝑟|𝑠, 𝑎)𝑑𝑠𝑑𝑟
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