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THE BANDIT PROBLEM

Play for Ὕrounds attempting to 
maximize rewards
minimize losses

Need to balance 
exploration and exploitation

Motivation:
advertising, clinical trials, é



EASINESS IN BANDITS ðA TUTORIAL

Hardness in bandits
ÍWorst-case upper & lower bounds

Easiness in bandits
ÍHigher order bounds
ÍStochastic bandits and the best of both worlds
ÍPrior-dependent bounds



NON-STOCHASTIC BANDITS

Parameters: 
number of arms ὑ, number of rounds Ὕ
Interaction:
For each round ὸ ρȟςȟȣȟὝ
ÅLearner chooses action Ὅᶰὑ
ÅEnvironment chooses losses Љȟᶰπȟρ for all Ὥ
ÅLearner incurs and observesloss Љȟ
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Parameters: 
number of arms ὑ, number of rounds Ὕ
Interaction:
For each round ὸ ρȟςȟȣȟὝ
ÅLearner chooses action Ὅᶰὑ
ÅEnvironment chooses losses Љȟᶰπȟρ for all Ὥ
ÅLearner incurs and observesloss Љȟ

Goal:minimize expectedregret

Ὑ Љȟ ÍÉÎ
ᶰ

Љȟ



NON-STOCHASTIC BANDITS: 
LOWER BOUNDS

This result also holds for stochastic bandits, as the 
counterexample is stochastic

Theorem(Auer, Cesa-Bianchi, Freund and Schapire, 2002):

In the worst case, any algorithm will suffer a 
regret of ɱ ὑὝ
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LOWER BOUNDS

This result also holds for stochastic bandits, as the 
counterexample is stochastic

Theorem(Auer, Cesa-Bianchi, Freund and Schapire, 2002):

In the worst case, any algorithm will suffer a 
regret of ɱ ὑὝ

This talk: 
how to go beyond this



NON-STOCHASTIC BANDITS: 
UPPER BOUNDS

EXP3(Auer, Cesa-Bianchi, Freund and Schapire, 1995, 2002)

Parameter: – π.
Initialization: For all Ὥ, set ύȟ ρ.
For each roundὸ ρȟςȟȣȟὝ
Å For all Ὥ, let

ὴȟ
ύȟ
Вύȟ

Ȣ

Å Draw ὍḐ▬.
Å For all Ὥ, let

Љȟ
Љȟ
ὴȟ

Ȣ

Å For all Ὥ, update weight as
ύ ȟ ύȟὩ

Љȟ



THE REGRET OF EXP3

Theorem(Auer, Cesa-Bianchi, Freund and Schapire, 2002):

The regret of EXP3 satisfies
Ὑ ςὑὝÌÏÇὑ
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HEY, BUT THATõS NOT MINIMAX!

Fyq4!jt!tusjdumz!tvcpqujnbm;!zpv!dboŁu!sfnpwf!
the ÌÏÇὑ(Audibert, Bubeckand Lugosi, 2014)
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HEY, BUT THATõS NOT MINIMAX!

Fyq4!jt!tusjdumz!tvcpqujnbm;!zpv!dboŁu!sfnpwf!
the ÌÏÇὑ(Audibert, Bubeck and Lugosi, 2014)

A minimax algorithm: PolyINF
ὴ ÁÒÇÍÉÎ

ᶰ
–ὴὒ Ὓ ὴ

where Ὓ ὴis the Tsallisentropy: 

Ὓ ὴ ρ В ὴ

Theorem(Audibert and Bubeck, 2009, Audibert, Bubeckand Lugosi, 
2014, Abernethy, Lee and Tewari, 2015):

The regret of PolyINFsatisfies Ὑ ςὑὝ



BEYOND MINIMAX#1: 
HIGHER-ORDER BOUNDS



HIGHER-ORDER BOUNDS

Ὑ ὕ ὑὝὙ ὕ ὝÌÏÇὑ

Full information Bandit

minimax

first -order
ὒȟ ВЉȟ

Ὑ ὕ ὒȟzÌÏÇὑ

second-order
Ὓȟ ВЉȟ

Ὑ ὕ ὛȟzÌÏÇὑ

variance
ὠȟ В Љȟ ά

Ὑ ὕ ὠȟzÌÏÇὑ

Cesa-Bianchi, Mansour, Stoltz (2005)

Hazanand Kale (2010)

with a little cheating
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Full information Bandit
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Easy! 
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Theorem(Auer, Cesa-Bianchi, Freund and Schapire, 2002):

The regret of EXP3 satisfies

Ὑ ςÌÏÇὑВ В Љȟ

Easy! 




