
Algorithm:

 Initialize 𝑉 𝑠 ∈ ℝ & 𝜋 𝑠 ∈ 𝐴 𝑠  ∀𝑠

 Policy Evaluation

  For each ‘s’ in S:

  𝑉 𝑠 ← ∑𝑠′,𝑟 𝑃 𝑠′ 𝑠, 𝜋 𝑠 𝑟 + 𝛾𝑉 𝑠′

 Policy Improvement

  For each ‘s’ in S:

  𝜋𝑜𝑙𝑑 𝑠 ← 𝜋(𝑠)
  𝜋 𝑠 ← argmax𝑎 ∑𝑠′,𝑟 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉 𝑠′

  if 𝜋 𝑠 = 𝜋𝑜𝑙𝑑 𝑠 , then stop

Reinforcement Learning Algorithms
Policy Iteration

26

Second step towards optimal policy…

Assumptions:

1. Reward at every state is known.

2. Transition probability is known.

In a way, the dynamics of the 

environment is completely known.

1 - Policy Evaluation 

2 - Policy Improvement

𝑉𝑖+1
𝜋𝑘 𝑠 = ෍

𝑠′

𝑃 𝑠′ 𝑠, 𝜋 𝑠 𝑟 + 𝛾𝑉𝑖
𝜋𝑘 𝑠′

𝜋𝑘+1 𝑠 ← argmax
𝑎

෍

𝑠′

𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′

The policy iteration evaluates one policy at a time 

which may not sweep through all the states. 

Therefore, to sweep through all the state there is 

a requirement of multiple policy evaluation.
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• Policy Evaluation

– 𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′

• Policy Improvement

–  𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′

– 𝑉1
𝜋1 𝑠10 = 0.9 0 + 0.9×1 + 0.1× 0 + 0.9×0 = 0.81

– 𝑉1
𝜋1 𝑠6 = 0.9 0 + 0.9×−1 + 0.1× 0 + 0.9×0 = −0.81

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 0
0

0 0 0
0

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 0
-1

0 0 0
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.81
-1

0 0 0.81
+1

𝑆𝑡𝑎𝑡𝑒, 𝑠 ∈ 𝑆 

𝐴𝑐𝑡𝑖𝑜𝑛, 𝑎 ∈ 𝐴 𝑠  

𝑅𝑒𝑤𝑎𝑟𝑑, 𝑟 ∈ 𝑅 𝑠, 𝑎, 𝑠′  

𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 

𝑃 𝑠, 𝑎, 𝑠′  

𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝑃𝑜𝑙𝑖𝑐𝑦, 𝜋∗(𝑠) 

𝑅𝑒𝑡𝑢𝑟𝑛, 𝐺𝑡 = ∑𝑘=0
∞ 𝛾𝑘𝑟𝑡+𝑘 

𝑆𝑡𝑎𝑡𝑒 𝑣𝑎𝑙𝑢𝑒, 𝑉𝜋 𝑠  

𝐴𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒, 𝑄𝜋(𝑠, 𝑎) 

𝑉∗ 𝑠 = max
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉∗ 𝑠′  

𝑉𝑘+1
∗ 𝑠 = max

𝑎
∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝑘

∗ 𝑠′  

𝑄∗ 𝑠, 𝑎 = ∑𝑠′ 𝑝 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾 max
𝑎′

𝑄∗(𝑠′, 𝑎′)  

Policy Evaluation

𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′  

Policy Improvement

𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′  
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• Policy Evaluation

– 𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′

• Policy Improvement

–  𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′

– 𝑉1
𝜋1 𝑠10 = 0.9 0 + 0.9×1 + 0.1× 0 + 0.9×0 = 0.81

– 𝑉1
𝜋1 𝑠6 = 0.9 0 + 0.9×−1 + 0.1× 0 + 0.9×0 = −0.81

– 𝑉2
𝜋1 𝑠10 = 0.9 0 + 0.9×1 + 0.1× 0 + 0.9×0.81 = 0.88

– 𝑉2
𝜋1 𝑠6 = 0.9 0 + 0.9×1 + 0.1× 0 + 0.9×−0.81 = −0.88

– 𝑉2
𝜋1 𝑠9 = 0.9 0 + 0.9×0.81 + 0.1× 0 + 0.9×0 = 0.6561

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 0
-1

0 0 0
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.81
-1

0 0 0.81
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.88
-1

0 0.66 0.88
+1

𝑆𝑡𝑎𝑡𝑒, 𝑠 ∈ 𝑆 

𝐴𝑐𝑡𝑖𝑜𝑛, 𝑎 ∈ 𝐴 𝑠  

𝑅𝑒𝑤𝑎𝑟𝑑, 𝑟 ∈ 𝑅 𝑠, 𝑎, 𝑠′  

𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 

𝑃 𝑠, 𝑎, 𝑠′  

𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝑃𝑜𝑙𝑖𝑐𝑦, 𝜋∗(𝑠) 

𝑅𝑒𝑡𝑢𝑟𝑛, 𝐺𝑡 = ∑𝑘=0
∞ 𝛾𝑘𝑟𝑡+𝑘 

𝑆𝑡𝑎𝑡𝑒 𝑣𝑎𝑙𝑢𝑒, 𝑉𝜋 𝑠  

𝐴𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒, 𝑄𝜋(𝑠, 𝑎) 

𝑉∗ 𝑠 = max
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉∗ 𝑠′  

𝑉𝑘+1
∗ 𝑠 = max

𝑎
∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝑘

∗ 𝑠′  

𝑄∗ 𝑠, 𝑎 = ∑𝑠′ 𝑝 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾 max
𝑎′

𝑄∗(𝑠′, 𝑎′)  

Policy Evaluation

𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′  

Policy Improvement

𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′  
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• Policy Evaluation

– 𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′

• Policy Improvement

–  𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′

– 𝑉2
𝜋1 𝑠10 = 0.9 0 + 0.9×1 + 0.1× 0 + 0.9×0.81 = 0.88

– 𝑉2
𝜋1 𝑠6 = 0.9 0 + 0.9×−1 + 0.1× 0 + 0.9×−0.81 = −0.88

– 𝑉2
𝜋1 𝑠9 = 0.9 0 + 0.9×0.81 + 0.1× 0 + 0.9×0 = 0.6561

– 𝑉3
𝜋1 𝑠10 = 0.9 0 + 0.9×1 + 0.1× 0 + 0.9×0.88 = 0.89

– 𝑉3
𝜋1 𝑠6 = 0.9 0 + 0.9×−0.88 + 0.1× 0 + 0.9×−0.88 = −0.89

– 𝑉3
𝜋1 𝑠9 = 0.9 0 + 0.9×0.88 + 0.1× 0 + 0.9×0.66 = 0.77

– 𝑉3
𝜋1 𝑠8 = 0.9 0 + 0.9×0.66 + 0.1× 0 + 0.9×0 = 0.53

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.81
-1

0 0 0.81
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.88
-1

0 0.66 0.88
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.89
-1

0.53 0.77 0.89
+1

𝑆𝑡𝑎𝑡𝑒, 𝑠 ∈ 𝑆 

𝐴𝑐𝑡𝑖𝑜𝑛, 𝑎 ∈ 𝐴 𝑠  

𝑅𝑒𝑤𝑎𝑟𝑑, 𝑟 ∈ 𝑅 𝑠, 𝑎, 𝑠′  

𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 

𝑃 𝑠, 𝑎, 𝑠′  

𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝑃𝑜𝑙𝑖𝑐𝑦, 𝜋∗(𝑠) 

𝑅𝑒𝑡𝑢𝑟𝑛, 𝐺𝑡 = ∑𝑘=0
∞ 𝛾𝑘𝑟𝑡+𝑘 

𝑆𝑡𝑎𝑡𝑒 𝑣𝑎𝑙𝑢𝑒, 𝑉𝜋 𝑠  

𝐴𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒, 𝑄𝜋(𝑠, 𝑎) 

𝑉∗ 𝑠 = max
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉∗ 𝑠′  

𝑉𝑘+1
∗ 𝑠 = max

𝑎
∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝑘

∗ 𝑠′  

𝑄∗ 𝑠, 𝑎 = ∑𝑠′ 𝑝 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾 max
𝑎′

𝑄∗(𝑠′, 𝑎′)  

Policy Evaluation

𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′  

Policy Improvement

𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′  
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• Policy Evaluation

– 𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′

• Policy Improvement

–  𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′

– 𝑉2
𝜋1 𝑠10 = 0.9 0 + 0.9×1 + 0.1× 0 + 0.9×0.81 = 0.88

– 𝑉2
𝜋1 𝑠6 = 0.9 0 + 0.9×−1 + 0.1× 0 + 0.9×−0.81 = −0.88

– 𝑉2
𝜋1 𝑠9 = 0.9 0 + 0.9×0.81 + 0.1× 0 + 0.9×0 = 0.6561

– 𝑉3
𝜋1 𝑠10 = 0.9 0 + 0.9×1 + 0.1× 0 + 0.9×0.88 = 0.89

– 𝑉3
𝜋1 𝑠6 = 0.9 0 + 0.9×−0.88 + 0.1× 0 + 0.9×−0.88 = −0.89

– 𝑉3
𝜋1 𝑠9 = 0.9 0 + 0.9×0.88 + 0.1× 0 + 0.9×0.66 = 0.77

– 𝑉3
𝜋1 𝑠8 = 0.9 0 + 0.9×0.66 + 0.1× 0 + 0.9×0 = 0.53

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.88
-1

0 0.66 0.88
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.89
-1

0.53 0.77 0.89
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.89
-1

0.67 0.79 0.89
+1

𝑆𝑡𝑎𝑡𝑒, 𝑠 ∈ 𝑆 

𝐴𝑐𝑡𝑖𝑜𝑛, 𝑎 ∈ 𝐴 𝑠  

𝑅𝑒𝑤𝑎𝑟𝑑, 𝑟 ∈ 𝑅 𝑠, 𝑎, 𝑠′  

𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 

𝑃 𝑠, 𝑎, 𝑠′  

𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝑃𝑜𝑙𝑖𝑐𝑦, 𝜋∗(𝑠) 

𝑅𝑒𝑡𝑢𝑟𝑛, 𝐺𝑡 = ∑𝑘=0
∞ 𝛾𝑘𝑟𝑡+𝑘 

𝑆𝑡𝑎𝑡𝑒 𝑣𝑎𝑙𝑢𝑒, 𝑉𝜋 𝑠  

𝐴𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒, 𝑄𝜋(𝑠, 𝑎) 

𝑉∗ 𝑠 = max
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉∗ 𝑠′  

𝑉𝑘+1
∗ 𝑠 = max

𝑎
∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝑘

∗ 𝑠′  

𝑄∗ 𝑠, 𝑎 = ∑𝑠′ 𝑝 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾 max
𝑎′

𝑄∗(𝑠′, 𝑎′)  

Policy Evaluation

𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′  

Policy Improvement

𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′  
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• Policy Evaluation

– 𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′

• Policy Improvement

–  𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′

– 𝑉2
𝜋1 𝑠10 = 0.9 0 + 0.9×1 + 0.1× 0 + 0.9×0.81 = 0.88

– 𝑉2
𝜋1 𝑠6 = 0.9 0 + 0.9×−1 + 0.1× 0 + 0.9×−0.81 = −0.88

– 𝑉2
𝜋1 𝑠9 = 0.9 0 + 0.9×0.81 + 0.1× 0 + 0.9×0 = 0.6561

– 𝑉3
𝜋1 𝑠10 = 0.9 0 + 0.9×1 + 0.1× 0 + 0.9×0.88 = 0.89

– 𝑉3
𝜋1 𝑠6 = 0.9 0 + 0.9×−0.88 + 0.1× 0 + 0.9×−0.88 = −0.89

– 𝑉3
𝜋1 𝑠9 = 0.9 0 + 0.9×0.88 + 0.1× 0 + 0.9×0.66 = 0.77

– 𝑉3
𝜋1 𝑠8 = 0.9 0 + 0.9×0.66 + 0.1× 0 + 0.9×0 = 0.53

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.89
-1

0.53 0.77 0.89
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.89
-1

0.67 0.79 0.89
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.89
-1

0.70 0.79 0.89
+1

𝑆𝑡𝑎𝑡𝑒, 𝑠 ∈ 𝑆 

𝐴𝑐𝑡𝑖𝑜𝑛, 𝑎 ∈ 𝐴 𝑠  

𝑅𝑒𝑤𝑎𝑟𝑑, 𝑟 ∈ 𝑅 𝑠, 𝑎, 𝑠′  

𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 

𝑃 𝑠, 𝑎, 𝑠′  

𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝑃𝑜𝑙𝑖𝑐𝑦, 𝜋∗(𝑠) 

𝑅𝑒𝑡𝑢𝑟𝑛, 𝐺𝑡 = ∑𝑘=0
∞ 𝛾𝑘𝑟𝑡+𝑘 

𝑆𝑡𝑎𝑡𝑒 𝑣𝑎𝑙𝑢𝑒, 𝑉𝜋 𝑠  

𝐴𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒, 𝑄𝜋(𝑠, 𝑎) 

𝑉∗ 𝑠 = max
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉∗ 𝑠′  

𝑉𝑘+1
∗ 𝑠 = max

𝑎
∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝑘

∗ 𝑠′  

𝑄∗ 𝑠, 𝑎 = ∑𝑠′ 𝑝 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾 max
𝑎′

𝑄∗(𝑠′, 𝑎′)  

Policy Evaluation

𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′  

Policy Improvement

𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′  

htt
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• Policy Evaluation

– 𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′

• Policy Improvement

–  𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′

– 𝑉2
𝜋1 𝑠10 = 0.9 0 + 0.9×1 + 0.1× 0 + 0.9×0.81 = 0.88

– 𝑉2
𝜋1 𝑠6 = 0.9 0 + 0.9×−1 + 0.1× 0 + 0.9×−0.81 = −0.88

– 𝑉2
𝜋1 𝑠9 = 0.9 0 + 0.9×0.81 + 0.1× 0 + 0.9×0 = 0.6561

– 𝑉3
𝜋1 𝑠10 = 0.9 0 + 0.9×1 + 0.1× 0 + 0.9×0.88 = 0.89

– 𝑉3
𝜋1 𝑠6 = 0.9 0 + 0.9×−0.88 + 0.1× 0 + 0.9×−0.88 = −0.89

– 𝑉3
𝜋1 𝑠9 = 0.9 0 + 0.9×0.88 + 0.1× 0 + 0.9×0.66 = 0.77

– 𝑉3
𝜋1 𝑠8 = 0.9 0 + 0.9×0.66 + 0.1× 0 + 0.9×0 = 0.53

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.89
-1

0.53 0.77 0.89
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.89
-1

0.67 0.79 0.89
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.89
-1

0.70 0.79 0.89
+1

𝑆𝑡𝑎𝑡𝑒, 𝑠 ∈ 𝑆 

𝐴𝑐𝑡𝑖𝑜𝑛, 𝑎 ∈ 𝐴 𝑠  

𝑅𝑒𝑤𝑎𝑟𝑑, 𝑟 ∈ 𝑅 𝑠, 𝑎, 𝑠′  

𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 

𝑃 𝑠, 𝑎, 𝑠′  

𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝑃𝑜𝑙𝑖𝑐𝑦, 𝜋∗(𝑠) 

𝑅𝑒𝑡𝑢𝑟𝑛, 𝐺𝑡 = ∑𝑘=0
∞ 𝛾𝑘𝑟𝑡+𝑘 

𝑆𝑡𝑎𝑡𝑒 𝑣𝑎𝑙𝑢𝑒, 𝑉𝜋 𝑠  

𝐴𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒, 𝑄𝜋(𝑠, 𝑎) 

𝑉∗ 𝑠 = max
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉∗ 𝑠′  

𝑉𝑘+1
∗ 𝑠 = max

𝑎
∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝑘

∗ 𝑠′  

𝑄∗ 𝑠, 𝑎 = ∑𝑠′ 𝑝 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾 max
𝑎′

𝑄∗(𝑠′, 𝑎′)  

Policy Evaluation

𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′  

Policy Improvement

𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′  
s0

s1

s2

s3

s4

s5

s6

s8

s9
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• Policy Evaluation

– 𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′

• Policy Improvement

–  𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′

• Policy Improvement
– 𝜋2 𝑠 = argmax

𝑎
∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋1 𝑠′

– 𝜋2 𝑠0 = argmax
𝑎

0→ , 0↓ = →/↓

– 𝜋2 𝑠1 = argmax
𝑎

0→ , 0← = →/←

– 𝜋2 𝑠2 = argmax
𝑎

0→ , 0←, −0.89↓ = →/←

– 𝜋2 𝑠3 = argmax
𝑎

−1↓ , 0← = ←

– 𝜋2 𝑠4 = argmax
𝑎

0↑ , 0.7↓ = ↓

– 𝜋2 𝑠6 = argmax
𝑎

−1→ , 0↑ , 0.89↓ = ↓

– 𝜋2 𝑠8 = argmax
𝑎

0.79→ , 0↑ = →

– 𝜋2 𝑠9 = argmax
𝑎

0.89→ , 0.7← = →

– 𝜋2 𝑠10 = argmax
𝑎

1→ , 0.79←, −0.89↑ = →

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0 -0.89
-1

0.70 0.79 0.89
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0.57 0.64
-1

0.70 0.80 0.89
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0.62 0.78
-1

0.70 0.80 0.89
+1

𝑆𝑡𝑎𝑡𝑒, 𝑠 ∈ 𝑆 

𝐴𝑐𝑡𝑖𝑜𝑛, 𝑎 ∈ 𝐴 𝑠  

𝑅𝑒𝑤𝑎𝑟𝑑, 𝑟 ∈ 𝑅 𝑠, 𝑎, 𝑠′  

𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 

𝑃 𝑠, 𝑎, 𝑠′  

𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝑃𝑜𝑙𝑖𝑐𝑦, 𝜋∗(𝑠) 

𝑅𝑒𝑡𝑢𝑟𝑛, 𝐺𝑡 = ∑𝑘=0
∞ 𝛾𝑘𝑟𝑡+𝑘 

𝑆𝑡𝑎𝑡𝑒 𝑣𝑎𝑙𝑢𝑒, 𝑉𝜋 𝑠  

𝐴𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒, 𝑄𝜋(𝑠, 𝑎) 

𝑉∗ 𝑠 = max
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉∗ 𝑠′  

𝑉𝑘+1
∗ 𝑠 = max

𝑎
∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝑘

∗ 𝑠′  

𝑄∗ 𝑠, 𝑎 = ∑𝑠′ 𝑝 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾 max
𝑎′

𝑄∗(𝑠′, 𝑎′)  

Policy Evaluation

𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′  

Policy Improvement

𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′  
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• Policy Evaluation

– 𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′

• Policy Improvement

–  𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0.57 0.64
-1

0.70 0.80 0.89
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0.62 0.78
-1

0.70 0.80 0.89
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0.62 0.79
-1

0.70 0.80 0.89
+1

𝑆𝑡𝑎𝑡𝑒, 𝑠 ∈ 𝑆 

𝐴𝑐𝑡𝑖𝑜𝑛, 𝑎 ∈ 𝐴 𝑠  

𝑅𝑒𝑤𝑎𝑟𝑑, 𝑟 ∈ 𝑅 𝑠, 𝑎, 𝑠′  

𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 

𝑃 𝑠, 𝑎, 𝑠′  

𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝑃𝑜𝑙𝑖𝑐𝑦, 𝜋∗(𝑠) 

𝑅𝑒𝑡𝑢𝑟𝑛, 𝐺𝑡 = ∑𝑘=0
∞ 𝛾𝑘𝑟𝑡+𝑘 

𝑆𝑡𝑎𝑡𝑒 𝑣𝑎𝑙𝑢𝑒, 𝑉𝜋 𝑠  

𝐴𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒, 𝑄𝜋(𝑠, 𝑎) 

𝑉∗ 𝑠 = max
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉∗ 𝑠′  

𝑉𝑘+1
∗ 𝑠 = max

𝑎
∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝑘

∗ 𝑠′  

𝑄∗ 𝑠, 𝑎 = ∑𝑠′ 𝑝 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾 max
𝑎′

𝑄∗(𝑠′, 𝑎′)  

Policy Evaluation

𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′  

Policy Improvement

𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′  

• Policy Evaluation

– 𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′
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• Policy Evaluation

– 𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′

• Policy Improvement

–  𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0.62 0.78
-1

0.70 0.80 0.89
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0.62 0.79
-1

0.70 0.80 0.89
+1

s0 s1 s2 s3

s4 s5 s6 s7

s8 s9 s10 s11

0

0 0 0

0.62 0.79
-1

0.70 0.80 0.89
+1

𝑆𝑡𝑎𝑡𝑒, 𝑠 ∈ 𝑆 

𝐴𝑐𝑡𝑖𝑜𝑛, 𝑎 ∈ 𝐴 𝑠  

𝑅𝑒𝑤𝑎𝑟𝑑, 𝑟 ∈ 𝑅 𝑠, 𝑎, 𝑠′  

𝑇𝑟𝑎𝑛𝑠𝑖𝑡𝑖𝑜𝑛 𝑃𝑟𝑜𝑏𝑎𝑏𝑖𝑙𝑖𝑡𝑦, 

𝑃 𝑠, 𝑎, 𝑠′  

𝑂𝑝𝑡𝑖𝑚𝑎𝑙 𝑃𝑜𝑙𝑖𝑐𝑦, 𝜋∗(𝑠) 

𝑅𝑒𝑡𝑢𝑟𝑛, 𝐺𝑡 = ∑𝑘=0
∞ 𝛾𝑘𝑟𝑡+𝑘 

𝑆𝑡𝑎𝑡𝑒 𝑣𝑎𝑙𝑢𝑒, 𝑉𝜋 𝑠  

𝐴𝑐𝑡𝑖𝑜𝑛 𝑣𝑎𝑙𝑢𝑒, 𝑄𝜋(𝑠, 𝑎) 

𝑉∗ 𝑠 = max
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉∗ 𝑠′  

𝑉𝑘+1
∗ 𝑠 = max

𝑎
∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝑘

∗ 𝑠′  

𝑄∗ 𝑠, 𝑎 = ∑𝑠′ 𝑝 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾 max
𝑎′

𝑄∗(𝑠′, 𝑎′)  

Policy Evaluation

𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′  

Policy Improvement

𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′  

• Policy Improvement - II

– 𝜋3 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋2 𝑠′
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Value Iteration

• Bellman’s optimal value function

– 𝑉∗ 𝑠 = max
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉∗ 𝑠′

• Bellman update

– 𝑉𝑘+1
∗ 𝑠 = max

𝑎
∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝑘

∗ 𝑠′

Policy Iteration

• Policy Evaluation

– 𝑉𝑖+1
𝜋𝑘 𝑠 = ∑𝑠′ 𝑃 𝑠′ 𝑠, 𝜋𝑘 𝑠 𝑟 + 𝛾𝑉𝑖

𝜋𝑘 𝑠′

• Policy Improvement

–  𝜋𝑘+1 𝑠 = argmax
𝑎

∑𝑠′ 𝑃 𝑠′ 𝑠, 𝑎 𝑟 + 𝛾𝑉𝜋𝑘 𝑠′

• Value Iteration

– Each iteration updates both 

return value and policy.

• Policy Iteration

– Updates returns for a policy: 

Policy evaluation.

– Updates the policy: Policy 

iteration.

– Two loops. Faster outer loop 

(involving policy improvement)
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   V ∗  ( s ) =     max a ⁡   ∑   s ′  P  (   s ′ |  s , a )  (  r + 𝛾  V ∗  (  s ′ ) )


  A c t i o n   v a l u e ,    Q 𝜋 ( s , a )


  S t a t e   v a l u e ,    V 𝜋  ( s )


  R e t u r n ,    G t =  ∑  k = 0 ∞   𝛾 k  r  t + k


  O p t i m a l   P o l i c y ,    𝜋 ∗ ( s )


  P  (  s , a , s ′ )


  T r a n s i t i o n   P r o b a b i l i t y ,  


  R e w a r d ,   r ∈ R  (  s , a ,  s ′ )


  A c t i o n , a ∈ A  ( s )


  S t a t e ,   s ∈ S


   V 3   𝜋 1  (   s 8 ) = 0 . 9  [  0 + 0 . 9 × 0 . 66 ] + 0 . 1 ×  [  0 + 0 . 9 × 0 ] = 0 . 53


   V 3   𝜋 1  (   s 9 ) = 0 . 9  [  0 + 0 . 9 × 0 . 88 ] + 0 . 1 ×  [  0 + 0 . 9 × 0 . 66 ] = 0 . 77


   V 3   𝜋 1  (   s 6 ) = 0 . 9  [  0 + 0 . 9 × − 0 . 88 ] + 0 . 1 ×  [  0 + 0 . 9 × − 0 . 88 ] = − 0 . 89


   V 3   𝜋 1  (   s  10 ) = 0 . 9  [  0 + 0 . 9 × 1 ] + 0 . 1 ×  [  0 + 0 . 9 × 0 . 88 ] = 0 . 89


   V 2   𝜋 1  (   s 9 ) = 0 . 9  [  0 + 0 . 9 × 0 . 81 ] + 0 . 1 ×  [  0 + 0 . 9 × 0 ] = 0 . 6561


   V 2   𝜋 1  (   s 6 ) = 0 . 9  [  0 + 0 . 9 × − 1 ] + 0 . 1 ×  [  0 + 0 . 9 × − 0 . 81 ] = − 0 . 88


   V 2   𝜋 1  (   s  10 ) = 0 . 9  [  0 + 0 . 9 × 1 ] + 0 . 1 ×  [  0 + 0 . 9 × 0 . 81 ] = 0 . 88


   𝜋  k + 1  ( s ) =   argmax a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V   𝜋 k  (   s ′ ) ]


   V  i + 1   𝜋 k  ( s ) =  ∑   s ′  P  (   s ′ |  s ,  𝜋 k  ( s ) )  [  r + 𝛾  V i   𝜋 k  (   s ′ ) ]


   𝜋  k + 1  ( s ) =   argmax a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V   𝜋 k  (   s ′ ) ]


   V  i + 1   𝜋 k  ( s ) =  ∑   s ′  P  (   s ′ |  s ,  𝜋 k  ( s ) )  [  r + 𝛾  V i   𝜋 k  (   s ′ ) ]


   Q ∗  (  s , a ) =  ∑   s ′  p  (   s ′ |  s , a )  [  r + 𝛾     max   a ′ ⁡   Q ∗ (  s ′ ,  a ′ ) ]


   V  k + 1 ∗  ( s ) =   max a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V k ∗  (   s ′ ) ]


   V ∗  ( s ) =     max a ⁡   ∑   s ′  P  (   s ′ |  s , a )  (  r + 𝛾  V ∗  (  s ′ ) )


  A c t i o n   v a l u e ,    Q 𝜋 ( s , a )


  S t a t e   v a l u e ,    V 𝜋  ( s )


  R e t u r n ,    G t =  ∑  k = 0 ∞   𝛾 k  r  t + k


  O p t i m a l   P o l i c y ,    𝜋 ∗ ( s )


  P  (  s , a , s ′ )


  T r a n s i t i o n   P r o b a b i l i t y ,  


  R e w a r d ,   r ∈ R  (  s , a ,  s ′ )


  A c t i o n , a ∈ A  ( s )


  S t a t e ,   s ∈ S


   V 2   𝜋 1  (   s 9 ) = 0 . 9  [  0 + 0 . 9 × 0 . 81 ] + 0 . 1 ×  [  0 + 0 . 9 × 0 ] = 0 . 6561


   V 2   𝜋 1  (   s 6 ) = 0 . 9  [  0 + 0 . 9 × 1 ] + 0 . 1 ×  [  0 + 0 . 9 × − 0 . 81 ] = − 0 . 88


   V 2   𝜋 1  (   s  10 ) = 0 . 9  [  0 + 0 . 9 × 1 ] + 0 . 1 ×  [  0 + 0 . 9 × 0 . 81 ] = 0 . 88


   V 1   𝜋 1  (   s 6 ) = 0 . 9  [  0 + 0 . 9 × − 1 ] + 0 . 1 ×  [  0 + 0 . 9 × 0 ] = − 0 . 81


   V 1   𝜋 1  (   s  10 ) = 0 . 9  [  0 + 0 . 9 × 1 ] + 0 . 1 ×  [  0 + 0 . 9 × 0 ] = 0 . 81


   𝜋  k + 1  ( s ) =   argmax a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V   𝜋 k  (   s ′ ) ]


   V  i + 1   𝜋 k  ( s ) =  ∑   s ′  P  (   s ′ |  s ,  𝜋 k  ( s ) )  [  r + 𝛾  V i   𝜋 k  (   s ′ ) ]


   𝜋  k + 1  ( s ) =   argmax a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V   𝜋 k  (   s ′ ) ]


   V  i + 1   𝜋 k  ( s ) =  ∑   s ′  P  (   s ′ |  s ,  𝜋 k  ( s ) )  [  r + 𝛾  V i   𝜋 k  (   s ′ ) ]


   Q ∗  (  s , a ) =  ∑   s ′  p  (   s ′ |  s , a )  [  r + 𝛾     max   a ′ ⁡   Q ∗ (  s ′ ,  a ′ ) ]


   V  k + 1 ∗  ( s ) =   max a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V k ∗  (   s ′ ) ]


   V ∗  ( s ) =     max a ⁡   ∑   s ′  P  (   s ′ |  s , a )  (  r + 𝛾  V ∗  (  s ′ ) )


  A c t i o n   v a l u e ,    Q 𝜋 ( s , a )


  S t a t e   v a l u e ,    V 𝜋  ( s )


  R e t u r n ,    G t =  ∑  k = 0 ∞   𝛾 k  r  t + k


  O p t i m a l   P o l i c y ,    𝜋 ∗ ( s )


  P  (  s , a , s ′ )


  T r a n s i t i o n   P r o b a b i l i t y ,  


  R e w a r d ,   r ∈ R  (  s , a ,  s ′ )


  A c t i o n , a ∈ A  ( s )


  S t a t e ,   s ∈ S


   V 1   𝜋 1  (   s 6 ) = 0 . 9  [  0 + 0 . 9 × − 1 ] + 0 . 1 ×  [  0 + 0 . 9 × 0 ] = − 0 . 81


   V 1   𝜋 1  (   s  10 ) = 0 . 9  [  0 + 0 . 9 × 1 ] + 0 . 1 ×  [  0 + 0 . 9 × 0 ] = 0 . 81


   𝜋  k + 1  ( s ) =   argmax a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V   𝜋 k  (   s ′ ) ]


   V  i + 1   𝜋 k  ( s ) =  ∑   s ′  P  (   s ′ |  s ,  𝜋 k  ( s ) )  [  r + 𝛾  V i   𝜋 k  (   s ′ ) ]


   𝜋  k + 1  ( s ) ←   arg max a  ∑   s ′  P  (   s ′ |  s , a )  [  r + 𝛾  V   𝜋 k  (   s ′ ) ]


   V  i + 1   𝜋 k  ( s ) =  ∑   s ′  P  (   s ′ |  s , 𝜋  ( s ) )  [  r + 𝛾  V i   𝜋 k  (   s ′ ) ]


  𝜋  ( s ) =  𝜋  o l d  ( s )


  𝜋  ( s ) ←   argmax a  ∑   s ′ ,   r  P  (   s ′ |  s , a )  [  r + 𝛾 V  (   s ′ ) ]


   𝜋  o l d  ( s ) ← 𝜋 ( s )


  V  ( s ) ←  ∑   s ′ ,     r  P  (   s ′ |  s , 𝜋  ( s ) )  [  r + 𝛾 V  (   s ′ ) ]


  V  ( s ) ∈ ℝ   &   𝜋  ( s ) ∈ A  ( s )   ∀ s



