
Chapter 13 Solutions
Reinforcement Learning: An Introduction

Alireza Azimi

2026-05-24

Table of contents
1 Exercise 13.1 1

2 Exercise 13.2 2

3 Exercise 13.3 3

4 Exercise 13.4 4

5 Exercise 13.5 4

1 Exercise 13.1
Consider the probability of right as p and left as 1-p. The states are labeled
1,2,3 from left to right:

𝑣1 = 𝑝(−1 + 𝑣2) + (1 − 𝑝)(−1 + 𝑣1)
𝑣2 = 𝑝(−1 + 𝑣1) + (1 − 𝑝)(−1 + 𝑣3)
𝑣3 = 𝑝(−1 + 0) + (1 − 𝑝)(−1 + 𝑣2)

⇒ 𝑝𝑣1 = 𝑝𝑣2 − 1
𝑣2 = 𝑝𝑣1 + (1 − 𝑝)𝑣3 − 1
𝑣3 = (1 − 𝑝)𝑣2 − 1

⇒ 𝑝(2 − 𝑝)𝑣1 + (2 − 𝑝) = 𝑝𝑣1 + 𝑝 − 2
⇒ (𝑝 − 𝑝2)𝑣1 = 2(2 − 𝑝)

⇒ 𝑣1 = 2(2 − 𝑝)
𝑝 − 𝑝2

Therefore,
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𝑝∗ = argmax
𝑝

(2(2 − 𝑝)
𝑝 − 𝑝2 )

𝑑
𝑑𝑝

(2(2 − 𝑝)
𝑝 − 𝑝2 ) = 0

⇒ −2𝑝2 + 8𝑝 − 4
(𝑝 − 𝑝2)2 = 0

⇒ 𝑝∗ = 4 ± 2
√

2
2

= 2 ±
√

2
𝑝∗<=1
−−−−→ 𝑝∗ = 2 −

√
2 ≈ 0.59

2 Exercise 13.2

𝜂(𝑠) = ℎ(𝑠) + 𝛾 ∑
𝑠

𝜂(𝑠) ∑
𝑎

𝜋(𝑎|𝑠)𝑝(𝑠|𝑠, 𝑎)

𝜇(𝑠) = 𝜂(𝑠)
∑𝑠′ 𝜂(𝑠′)

∇𝑣𝜋(𝑠) = ∇[∑
𝑎

𝜋(𝑎|𝑠)𝑞𝜋(𝑠, 𝑎)]

= ∑
𝑎

[∇𝜋(𝑎|𝑠)𝑞𝜋(𝑠, 𝑎) + 𝜋(𝑎|𝑠)∇𝑞𝜋(𝑠, 𝑎)]

= ∑
𝑎

[∇𝜋(𝑎|𝑠)𝑞𝜋(𝑠, 𝑎) + 𝜋(𝑎|𝑠)∇ ∑
𝑠′,𝑟

𝑝(𝑠′, 𝑟|𝑠, 𝑎)(𝑟 + 𝛾𝑣𝜋(𝑠′))]

= ∑
𝑎

[∇𝜋(𝑎|𝑠)𝑞𝜋(𝑠, 𝑎) + 𝜋(𝑎|𝑠) ∑
𝑠′,𝑟

𝑝(𝑠′, 𝑟|𝑠, 𝑎)𝛾∇𝑣𝜋(𝑠′))]

= ∑
𝑥∈𝑠

∞
∑
𝑘=0

𝑃𝑟(𝑠 → 𝑥, 𝑘, 𝜋)𝛾𝑘 ∑
𝑎

∇𝜋(𝑎|𝑥)𝑞𝜋(𝑥, 𝑎)
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∇𝐽(𝜃) = ∇𝑣𝜋(𝑠0)

= ∑
𝑠

(
∞

∑
𝑘=0

𝑃𝑟(𝑠 → 𝑥, 𝑘, 𝜋)𝛾𝑘) ∑
𝑎

∇𝜋(𝑎|𝑠)𝑞𝜋(𝑠, 𝑎)

= ∑
𝑠

𝜂(𝑠) ∑
𝑎

∇𝜋(𝑎|𝑠)𝑞𝜋(𝑠, 𝑎)

= ∑
𝑠′

𝜂(𝑠′) ∑
𝑠

𝜂(𝑠)
∑𝑠′ 𝜂(𝑠′)

∑
𝑎

∇𝜋(𝑎|𝑠)𝑞𝜋(𝑠, 𝑎)

∝ ∑
𝑠

𝜇(𝑠) ∑
𝑎

∇𝜋(𝑎|𝑠)𝑞𝜋(𝑠, 𝑎)

= 𝔼𝜋 [𝛾𝑡 ∑
𝑎

𝑞𝜋(𝑆𝑡, 𝑎)∇𝜋(𝑎|𝑆𝑡, 𝜃)] Expectation under policy 𝜋 with termination 𝛾

= 𝔼𝜋 [𝛾𝑡 ∑
𝑎

𝜋(𝑎|𝑆𝑡, 𝜃)𝑞𝜋(𝑆𝑡, 𝑎)∇𝜋(𝑎|𝑆𝑡, 𝜃)
𝜋(𝑎|𝑆𝑡, 𝜃)

]

= 𝔼𝜋 [𝛾𝑡𝑞𝜋(𝑆𝑡, 𝐴𝑡)
∇𝜋(𝐴𝑡|𝑆𝑡, 𝜃)
𝜋(𝐴𝑡|𝑆𝑡, 𝜃)

]

= 𝔼𝜋 [𝛾𝑡𝐺𝑡
∇𝜋(𝐴𝑡|𝑆𝑡, 𝜃)
𝜋(𝐴𝑡|𝑆𝑡, 𝜃)

]

⇒ 𝜃𝑡+1 = 𝜃𝑡 + 𝛼𝛾𝑡𝐺𝑡
∇𝜋(𝐴𝑡|𝑆𝑡, 𝜃𝑡)
𝜋(𝐴𝑡|𝑆𝑡, 𝜃𝑡)

3 Exercise 13.3
Considering 𝜋(𝑎|𝑠, 𝜃) = 𝑒ℎ(𝑠,𝑎,𝜃)

∑𝑏 𝑒ℎ(𝑠,𝑏,𝜃) and ℎ(𝑠, 𝑎, 𝜃) = 𝜃𝑇 x(𝑠, 𝑎) or ℎ(𝑠, 𝑏, 𝜃) =

𝜃𝑇 x(𝑠, 𝑏):

∇ ln 𝜋(𝑎|𝑠, 𝜃) = ∇(ℎ(𝑠, 𝑎, 𝜃) − ln ∑
𝑏

𝑒ℎ(𝑠,𝑏,𝜃))

= ∇ℎ(𝑠, 𝑎, 𝜃) − ∇ ln ∑
𝑏

𝑒ℎ(𝑠,𝑏,𝜃)

= ∇(𝜃𝑇 x(𝑠, 𝑎)) − ∇ ln ∑
𝑏

𝑒ℎ(𝑠,𝑏,𝜃)

= x(𝑠, 𝑎) −
∑𝑏 x(𝑠, 𝑏)𝑒ℎ(𝑠,𝑏,𝜃)

∑𝑏 𝑒ℎ(𝑠,𝑏,𝜃)

= x(𝑠, 𝑎) −
∑𝑏 x(𝑠, 𝑏)𝑒ℎ(𝑠,𝑏,𝜃)

∑𝑏 𝑒ℎ(𝑠,𝑏,𝜃)

= x(𝑠, 𝑎) − ∑
𝑏

𝜋(𝑏|𝑠, 𝜃)x(𝑠, 𝑏)
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4 Exercise 13.4
Note: ∇𝜃𝜇

𝜇(𝑠, 𝜃) = x𝜇(𝑠) and ∇𝜃𝜎
𝜎(𝑠, 𝜃) = x𝜎(𝑠).

ln 𝜋(𝑎|𝑠, 𝜃) = −(𝑎 − 𝜇(𝑠, 𝜃))2

2𝜎2(𝑠, 𝜃)
− ln 𝜎(𝑠, 𝜃) − ln

√
2𝜋

∇𝜃𝜇
ln 𝜋(𝑎|𝑠, 𝜃𝜇) = ∇𝜃𝜇

(−(𝑎 − 𝜇(𝑠, 𝜃))2

2𝜎2(𝑠, 𝜃)
− ln 𝜎(𝑠, 𝜃) − ln

√
2𝜋)

=
2(𝑎 − 𝜇(𝑠, 𝜃))x𝜇(𝑠)

2𝜎2(𝑠, 𝜃)
=

(𝑎 − 𝜇(𝑠, 𝜃))x𝜇(𝑠)
𝜎2(𝑠, 𝜃)

∇𝜃𝜇
ln 𝜋(𝑎|𝑠, 𝜃𝜎) = ∇𝜃𝜎

(−(𝑎 − 𝜇(𝑠, 𝜃))2

2𝜎2(𝑠, 𝜃)
− ln 𝜎(𝑠, 𝜃) − ln

√
2𝜋)

= (𝑎 − 𝜇(𝑠, 𝜃))2x𝜎(𝑠)𝜎(𝑠, 𝜃)
𝜎3(𝑠, 𝜃)

− x𝜎(𝑠)

= (𝑎 − 𝜇(𝑠, 𝜃))2x𝜎(𝑠)
𝜎2(𝑠, 𝜃)

− x𝜎(𝑠)

= ((𝑎 − 𝜇(𝑠, 𝜃))2

𝜎2(𝑠, 𝜃)
− 1)x𝜎(𝑠)

5 Exercise 13.5
a
Note that: ℎ(𝑠, 1, 𝜃) = 𝜃𝑇 x(𝑠) + ℎ(𝑠, 0, 𝜃).

𝑃𝑡 = 𝜋(1|𝑆𝑡, 𝜃𝑡) = 𝑒ℎ(𝑆𝑡,1,𝜃)

𝑒ℎ(𝑆𝑡,1,𝜃) + 𝑒ℎ(𝑠,0,𝜃)

= 𝑒𝜃𝑇 x(𝑆𝑡)+ℎ(𝑆𝑡,0,𝜃)

𝑒𝜃𝑇 x(𝑆𝑡)+ℎ(𝑆𝑡,0,𝜃) + 𝑒ℎ(𝑆𝑡,0,𝜃)

= 1
1 + 𝑒ℎ(𝑆𝑡,0,𝜃)

𝑒𝜃𝑇 x(𝑆𝑡)+ℎ(𝑆𝑡,0,𝜃)

= 1
1 + 𝑒−𝜃𝑇 x(𝑆𝑡)

b

𝜃𝑡+1 = 𝜃𝑡 + 𝛼𝛾𝑡𝐺𝑡∇ ln 𝜋(𝑎|𝑆𝑡, 𝜃𝑡)
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c

𝑃 = 𝜋(1|𝑠, 𝜃) = 1
1 + 𝑒−𝜃𝑇 x(𝑠)

⇒ ∇𝑃 = x(𝑠)𝑃 (1 − 𝑃)

∇𝑙𝑛(𝑃) = ∇𝑃
𝑃

= x(𝑠)(1 − 𝑃)

∇𝑙𝑛(1 − 𝑃) = −∇𝑃
1 − 𝑃

= x(𝑠)𝑃

⇒ ∇𝑙𝑛(𝜋(𝑎|𝑠, 𝜃)) = (𝑎 − 𝑃)∇𝑃
𝑃(1 − 𝑃)

= (𝑎 − 𝑃)x(𝑠)𝑃 (1 − 𝑃)
𝑃(1 − 𝑃)

= (𝑎 − 𝑃)x(𝑠) = (𝑎 − 𝜋(1|𝑠, 𝜃))x(𝑠)
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