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UCB bandits with independent arms
Proof on board (and/or see lecture notes)
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image from Chapelle & Li
NIPS 2011

Empirically Thompson Sampling Does Well, Sometimes Better than UCB!
Example: Selecting Advertisements to Maximize Click Through Rates



Posterior sampling with independent arms
Proof on board (and/or see lecture notes)
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Upper Confidence Bounds for RL
Ex. Model Based Interval Estimation

On each time step t:
• Construct confidence intervals/sets over transition and 

reward models given data

• Use to compute an optimistic Q

• a = argmax Q(s,a)
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see Strehl & Littman 2008
IE idea dates at least to early 
1990s, see Kaelbling
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MBIE is PAC & can prove regret bounds 
(see UCRL2 algorithm) 
Empirically can do much better than R-max

images from Strehl & Littman 
2008
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MBIE is PAC & can prove regret bounds 
(see UCRL2 algorithm) 
Empirically can do much better than R-max

images from Strehl & Littman 
2008

Intuition? MBIE starts leveraging knowledge immediately.
If things don’t look promising, may never learn optimal pi for all states
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Posterior Sampling for (episodic) RL
Osband, Van Roy & Russo (NIPS 2013)

Expected regret:

A = # of actions
S = # of states
T = # number of time steps 
   = # number of time steps per episode (<<T)



PSRL can do much better than optimism under 
uncertainty based approach
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riverswim images from Strehl & 
Littman 2008; results from 
Osband, Van Roy & Russo 2013
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Key Points

• Understand the definitions of regret and sample 
complexity

• Know (or be able to derive) bounds & rates
• Know what algorithms yield these and what features 

of those algorithms make it possible (e.g. optimism 
under uncertainty, sampling from a posterior)

• Be able to implement these style of algorithms & 
understand where different approaches may be best 
empirically

 


