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Problem and Motivation 

• Agent in unknown environment 

• Discrete states and actions 

• MDP: {𝑆, 𝐴, 𝑃, 𝑅, 𝐻} 

 

𝑃 ∶ 𝑆 × 𝐴 × 𝑆 → ℝ+ 

𝑅 ∶ 𝑆 × 𝐴 → 0, 1  

time horizon 

set of actions 

set of states 

 unknown 
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Domain Example  –  two-armed bandit 

Lever 1 

50% chance of winning  

Lever 2 

60% chance of winning  
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Value Function 1 

𝑉𝐻
𝜋 𝑠 = 𝑅 𝑠, 𝜋 𝑠 +  𝑃(𝑠′|𝑠, 𝑎)𝑉𝐻−1

𝜋 𝑠′

𝑠′

 

𝑉𝐻
∗ 𝑠 = max

𝑎
𝑅 𝑠, 𝑎 +  𝑃(𝑠′|𝑠, 𝑎)𝑉𝐻−1

∗ 𝑠′

𝑠′

 

transitions of MDP are known 

        can find optimal policy 𝜋* and optimal value function 𝑉∗ 

Problem: 𝑃 is unknown  

Bellman’s equation 
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Value Function 2 

𝑏 = 𝛼(𝑠, 𝑎, 𝑠′)  

𝑉𝐻
∗ 𝑏, 𝑠 = max

𝑎
𝑅 𝑠, 𝑎 +  𝑃(𝑠′|𝑏, 𝑠, 𝑎)𝑉𝐻−1

∗ 𝑏′, 𝑠′

𝑠′

 

using a belief state b – set of Dirichlet distributions 
        

𝛼0(𝑠, 𝑎) =  𝛼(𝑠, 𝑎, 𝑠′)
𝑠′

 

 get value function without origin 𝑃 

𝑃 𝑠′ 𝑏, 𝑠, 𝑎 =
𝛼(𝑠, 𝑎, 𝑠′)

𝛼0(𝑠, 𝑎)
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Domain Example  –  two-armed bandit 

Lever 1 

50% chance of winning  

Lever 2 

60% chance of winning  

pulled 100 times 

paid off 52 times 

 52% 

pulled 5 times 

paid off 2 times 

 40% 
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Bayesian Exploration Bonus (BEB) 

𝛽

1 + 𝛼0(𝑠, 𝑎)
 Bonus: 

𝑉𝐻
∗ 𝑏, 𝑠 = max

𝑎
𝑅 𝑠, 𝑎 +

𝛽

1 + 𝛼0(𝑠, 𝑎)
+  𝑃(𝑠′|𝑏, 𝑠, 𝑎)𝑉𝐻−1

∗ 𝑏′, 𝑠′

𝑠′

 

Estimated mean value 

of next states 

Bonus Reward 
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Domain Example  –  two-armed bandit 

Lever 1 

50% chance of winning  

Lever 2 

60% chance of winning  

pulled 100 times 

paid off 52 times 

 52% 

pulled 5 times 

paid off 2 times 

 40% 

𝑅1 = 0.52 + 
𝛽

1 + 102
 𝑅2 = 0.4 + 

𝛽

1 + 7
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Domain Example  –  two-armed bandit 

𝑅1 = 0.52 + 
𝛽

1 + 102
 𝑅2 = 0.4 + 

𝛽

1 + 7
 

𝛽 = 1  →   𝑅1 ≈ 0.53 

𝛽 = 2  →   𝑅1 ≈ 0.54 

𝛽 = 3  →   𝑅1 ≈ 0.55 

𝛽 = 1  →   𝑅2 = 0.525 

𝛽 = 2  →   𝑅2 = 0.65 

𝛽 = 3  →   𝑅2 = 0.775 

𝛽 = 4  →   𝑅1 ≈ 0.56 𝛽 = 4  →   𝑅2 = 0.9 

𝛽 = 0  →   𝑅1 = 0.52 𝛽 = 0  →   𝑅2 = 0.4 
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Complexity 

𝜖-close to the optimal Bayesian policy 

 

BEB 

 

 

 

standard PAC-MDP 

𝛰
𝑆 𝐴 𝐻6

𝜖2 log
𝑆 𝐴

𝛿
 

𝛰 
𝑆 2 𝐴 𝐻6

𝜖3  

𝛰 ∙  notation suppresses logarithmic factors 
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Simulated Domain 

Chain domain with five states and two actions. 

 

With probability of 0.2 the agent performs the opposite action as intended. 
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Simulated Domain – Result 1 
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Simulated Domain – Result 2 
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Conclusion 

• 𝜖-close to the optimal Bayesian policy 

after a polynomial number of time steps 

• Balanced exploration and exploitation 

• Better complexity compared to standard PAC-MDP 

(in polynomial time) 


