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Combinatorial Bandits



Combinatorial Bandits model

Attimet=1,2,..., T,
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Combinatorial Bandits model

Attimet=1,2,..., T,

1. A decision maker selects a decision A(t) € A where A < {0,1}9
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Combinatorial Bandits model

Attimet=1,2,.... T,

1. A decision maker selects a decision A(t) € A where A c {0,1}9

2. The environment then draws a random vector X(f) € RY where
the (X (1))t are i.i.d. with E[X(t)] := p*.

We also assume that the entries of X are subgaussian of parameter
2 2
o, VA e RYE [exp(AT(X(t) — p*))] < exp (W)
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3. The learner then observes Y (t) = A(t) ® X(t) (Semi bandit
feedback).
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3. The learner then observes Y (t) = A(t) ® X(t) (Semi bandit
feedback).

4. Receives a Linear reward r(t) = A(t) " X(t)
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Minimize :
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Thompson Sampling for
Combinatorial Bandits




Thompson Sampling’

Given a prior on the parameter p* : 7(p)
Attimet=1,2,...,T:

1. Thompson Sampling draws 6(t) from the posterior distribution
mi—1(t) == w(u|X(t—1),...,X(0),A(t—1),...,A(0)) and selects :

A(t) € arg rEE%i({ATO(t)}

2. The environment then draws a random vector X(t) € RY. The
learner then observes :

Y(t) = A(t) O X(t)

3. Receives a Linear reward r(t) = A(t) T X(t)

"Wang and Chen 2020.
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Thompson Sampling

4. Update the posterior m;(1) using the Bayes rule.

If we suppose X(t) to be Gaussian with variance o2/y and mean u*. It
is reasonable to give ourselves a prior mo(p) uniform on RY and a
Gaussian likelihood with variance o2.

The posterior can therefore be written :

. S Yi(s) o
VIE[d],ei(t)~N<Tm,Ni(t)> (1)

With N;(t) := Z; Ai(s) the number of time item i has been selected.
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Our proposed version of TS?

We propose to draw :

| | s Yi(s) 2g(t)o?
V/e[d],el(t)“N< Ni(t) 7 Ni(t) )

With :

_2(Int+(m+2)Inint+ Tin(1 +e))
g(t) T In(t) 2

With m := maxac 4 |Al1. Note that g(t) — 2

2Zhang and Combes 2024.
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Regret of Thompson Sampling

Upper bound of algorithm the first version (1) for subgaussian
rewards :

O(U d{in m) InT+ZZ’ +m<om +1> )

Anin min min

Upper bound of algorithm the second version (2) for subgaussian
rewards :

a?dinm a?d?minm 1
O( A In T+A—mm|n|n T+P<m,d,A—min,Amax,0‘>>

The degrees of the polynomial in m, d, 1/Anin, o are respectively
30,10, 20, 20.



Lower bound of TS for Bernoulli rewards

In our paper® we proved a lower bound for the regret of Thompson
Sampling for Bernoulli rewards and Bernoulli likelihood and Beta

prior:

8Zhang and Combes 2021.
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