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k-Armed Bandit
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notation

• A𝑡: the action selected on time step 𝑡

• 𝑅𝑡: corresponding reward to A𝑡

• 𝑞∗ 𝑎 : 𝑞∗ 𝑎 = 𝐄 𝑅𝑡 𝐴𝑡 = 𝑎 ]

• 𝑄𝑡 𝑎 : estimated value of action 𝑎 at time 𝑡 𝑄𝑡 𝑎 ≈ 𝑞∗(𝑎)
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Action-Value Methods

• the sample-average method

• What if the denominator is zero?
• law of large numbers 
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Action-Value Methods (cont.)

• Methods
• greedy action selection method 

• 𝜀 − 𝑔𝑟𝑒𝑒𝑑𝑦 methods 
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Action-Value Methods (cont.)
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Action-Value Methods (cont.)
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𝜀 − 𝑔𝑟𝑒𝑒𝑑𝑦 or 𝑔𝑟𝑒𝑒𝑑𝑦 ?



Incremental Implementation

 Normal method

Recall:

 Incremental Implementation 

9



Incremental Implementation (cont.)

• ∶ 𝑒𝑟𝑟𝑜𝑟
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Tracking a Nonstationary Problem

• exponential, recency-weighted average
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conditions required to assure convergence

the steps become 
small enough to 
assure convergence

the steps are large 
enough to eventually 
overcome any initial 
conditions 

• 𝛼𝑛 𝑎 =
1

𝑛
𝛼𝑛 𝑎 = 𝛼
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Optimistic Initial Values

• encouraging exploration (not a generally useful approach )

• a simple trick on stationary problems
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Upper-Confidence-Bound Action Selection

• 𝜀 − 𝑔𝑟𝑒𝑒𝑑𝑦 method’s problem

• UCB Action Selection 

• Disadvantage：nonstationary problems 
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Upper-Confidence-Bound Action Selection （cont.）
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Gradient Bandit Algorithms

• 𝐻𝑡 𝑎 :numerical preference for each action 𝑎

• 𝜋𝑡 𝑎 : the probability of taking action 𝑎 at time 𝑡

•

•

•

•
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Gradient Bandit Algorithms (cont.)
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Gradient Bandit Algorithms (cont.)
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Gradient Bandit Algorithms (cont.)
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Gradient Bandit Algorithms (cont.)
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Gradient Bandit Algorithms (cont.)
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Associative Search (Contextual Bandits)
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Associative Search/Contextual Bandits (cont.)

k-armed bandit problem

Associative search 

full reinforcement learning problem

each action affects only the immediate reward

learning a policy
each action affects only the immediate reward

learning a policy
action affects next situation as well as the reward 
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Summary

• 𝜀 −greedy methods
• Upper-Confidence-Bound Action Selection
• Optimistic Initial Values
• Gradient Bandit Algorithms    
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Thanks
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