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I want a bag





Rewards have to be defined

Multi clicks and multi propositions: giving THE best or maximise click rate
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State of the art



𝜿𝒍 l ∈ [𝐾]

𝜽𝒊 i ∈ [𝐿]

𝑌𝑘 𝑡 ~𝐵𝑒𝑟 𝜅𝑘

𝑋𝑖 𝑡 ~𝐵𝑒𝑟 𝜃𝑖

𝒁𝒌,𝒊 𝑡 ~𝑋𝑖 𝑡 ∗ 𝑌𝑘 𝑡

𝑍𝑘,𝑖 𝑡 ~𝐵𝑒𝑟(𝜃𝑖 ∗ 𝜅𝑘

Other models: Cascading 
Model [2]; Dependent Click 

Model...
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(𝜈𝑎)𝑎∈𝐴 (𝜇𝑎)𝑎∈𝐴 .
(𝜇𝑎)𝑎∈𝐴

𝑎𝑟𝑔𝑚𝑎𝑥𝑎𝜇𝑎 = 𝑎∗

𝑎 ≠ 𝑎∗ 𝑎0 = 𝑎 𝑎1 𝑎𝑛 𝑎∗ i ∈ 𝑛 , 𝜇𝑎𝑖 > 𝜇𝑎𝑖−1 𝑎𝑖 ∈ 𝑁(𝑎𝑖−1)
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(𝜈𝑎)𝑎∈𝐴 (𝜇𝑎)𝑎∈𝐴 .
(𝜇𝑎)𝑎∈𝐴

𝑎𝑟𝑔𝑚𝑎𝑥𝑎𝜇𝑎 = 𝑎∗

𝑎 ≠ 𝑎∗ 𝑎0 = 𝑎 𝑎1 𝑎𝑛 𝑎∗ i ∈ 𝑛 , 𝜇𝑎𝑖 > 𝜇𝑎𝑖−1 𝑎𝑖 ∈ 𝑁(𝑎𝑖−1)
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(𝜈𝑎)𝑎∈𝐴 (𝜇𝑎)𝑎∈𝐴 .
(𝜇𝑎)𝑎∈𝐴

𝑎𝑟𝑔𝑚𝑎𝑥𝑎𝜇𝑎 = 𝑎∗

𝑎 ≠ 𝑎∗ 𝑎0 = 𝑎 𝑎1 𝑎𝑛 𝑎∗ i ∈ 𝑛 , 𝜇𝑎𝑖 > 𝜇𝑎𝑖−1 𝑎𝑖 ∈ 𝑁(𝑎𝑖−1)
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(𝜈𝑎)𝑎∈𝐴 (𝜇𝑎)𝑎∈𝐴 .
(𝜇𝑎)𝑎∈𝐴

𝑎𝑟𝑔𝑚𝑎𝑥𝑎𝜇𝑎 = 𝑎∗

𝑎 ≠ 𝑎∗ 𝑎0 = 𝑎 𝑎1 𝑎𝑛 𝑎∗ i ∈ 𝑛 , 𝜇𝑎𝑖 > 𝜇𝑎𝑖−1 𝑎𝑖 ∈ 𝑁(𝑎𝑖−1)
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(𝜈𝑎)𝑎∈𝐴 (𝜇𝑎)𝑎∈𝐴 .
(𝜇𝑎)𝑎∈𝐴

𝑎𝑟𝑔𝑚𝑎𝑥𝑎𝜇𝑎 = 𝑎∗

𝑎 ≠ 𝑎∗ 𝑎0 = 𝑎 𝑎1 𝑎𝑛 𝑎∗ i ∈ 𝑛 , 𝜇𝑎𝑖 > 𝜇𝑎𝑖−1 𝑎𝑖 ∈ 𝑁(𝑎𝑖−1)

1

9

5 7

3

8

4

𝑎∗

6

10

2

12

11

N(𝑎∗ )

Notes :
- Unimodal Bandit OSUB [6] can jump from 

node to node
- Its regret R(T) depends on 𝛾:= max degree 

of the graph.  R(T) = O(
𝛾

Δ
logT)



(𝜈𝑎)𝑎∈𝐴 (𝜇𝑎)𝑎∈𝐴 .
(𝜇𝑎)𝑎∈𝐴

𝑎𝑟𝑔𝑚𝑎𝑥𝑎𝜇𝑎 = 𝑎∗

𝑎 ≠ 𝑎∗ 𝑎0 = 𝑎 𝑎1 𝑎𝑛 𝑎∗ i ∈ 𝑛 , 𝜇𝑎𝑖 > 𝜇𝑎𝑖−1 𝑎𝑖 ∈ 𝑁(𝑎𝑖−1)
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Notes :
- Unimodal Bandit OSUB [6] can jump from 

node to node
- Its regret R(T) depends on 𝛾:= max degree 

of the graph.  R(T) = O(
𝛾

Δ
logT)

Our nodes are lists of items 
=> Find the good structure 

to keep unimodality but 
reduce the graph’s degree



Our approach



𝜇.

𝜇

𝜇[2413] − 𝜇 2143 = (𝜅2 − 𝜅3)(𝜃4 − 𝜃1)

N(𝒂) = {𝒂 ∘ (𝑙 𝑙′): 𝑙, 𝑙′ ∈ [𝐿]2, 𝑙 > 𝑙′}

R(T) = O(
𝐿𝐾

Δ
logT)
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N((2413),(2,1,4,3))

N((2413),(3,2,4,1))

N(𝒂, 𝜋 ) = {𝒂 ∘ (𝜋𝑎𝑘 𝜋𝑎𝑘+1): 𝑘 ∈ [𝐾 − 1]}



𝐑(𝐓) = 𝐎(
𝑳

𝜟
𝐥𝐨𝐠𝐓)
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Unimodal



Algorithm Handled Behavioral Model Regret

GRAB PBM Ο(
𝐿

Δ
log 𝑇 )

CombUCB1 [9] PBM Ο(
𝐿𝐾2

Δ
log 𝑇 )

PBM-PIE [3] PBM with 𝜅 known Ο(
(𝐿 − 𝐾)

Δ
log 𝑇 )

PMED-Hinge [4] PBM with 𝜅1 ≥ 𝜅2 ≥ ⋯ ≥ 𝜅𝐾 Ο(𝑐∗(𝜽, 𝜿) log 𝑇 )

TopRank [8] PBM with 𝜅1 ≥ 𝜅2 ≥ ⋯ ≥ 𝜅𝐾 Ο(
𝐿𝐾

Δ
log 𝑇 )

OSUB [6] Unimodal Ο(
𝛾

Δ
log 𝑇 )

PB-MHB [5] PBM ∅
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𝜿 𝜽

𝜿 𝜽

𝜿 𝜽



𝑅𝑇 =෍

𝑡=1

𝑇

෍

𝑘=1

𝐾

𝔼[𝒓𝑘(𝑡)|𝒊𝑘
∗ ] −෍

𝑡=1

𝑇

෍

𝑘=1

𝐾

𝔼[𝒓𝑘(𝑡)|𝑖𝑘 (𝑡)]

𝑅𝑇 = 𝜇∗𝑇 −෍

𝑡=1

𝑇

෍

𝑘=1

𝐾

𝜃𝑖𝑘 𝑡 𝜅𝑘
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Random

Bandit

—> In loglog scale



𝜿 𝜽

107

170 ms per 
recommendation

16 ms per 
recommendation

0.9 ms per 
recommendation



Prior

෡𝜽, ෝ𝜿

a posteriori 
law 

𝑷 𝜽, 𝜿 𝑫𝒕) 

Referee Envfor t=2,…,T

Update with 
rewards

Draw thanks to 
Metropolis Hasting

Matching each 𝜅𝒍 with 
the right 𝜃𝑖

𝑣𝑛𝑒𝑤 𝑣𝑜𝑙𝑑 +
𝜖 𝜖~N(0, σ)

ϱ

𝑷 𝜽, 𝜿 𝑫𝒕) ∝ෑ

𝒊=𝟏

𝑵

ෑ
𝒍=𝟏

𝑳

(𝜽𝒊𝜿𝒍)
𝑺𝒊,𝒍(𝒕−𝟏)(𝟏 − 𝜽𝒊𝜿𝒍)

𝑭𝒊,𝒍(𝒕−𝟏)

Draw



• 𝜽 𝜿

•

•

𝑷 𝜽, 𝜿 𝑫𝒕) ∝ ς𝒊=𝟏
𝑵 ς𝒍=𝟏

𝑳 (𝜽𝒊𝜿𝒍)
𝑺𝒊,𝒍(𝒕−𝟏)(𝟏 − 𝜽𝒊𝜿𝒍)

𝑭𝒊,𝒍(𝒕−𝟏)

𝐷𝑡,

𝑆𝑖,𝑙 𝑡 − 1 = σ𝑠=1
𝑡−1 𝕀(𝑖𝑙 𝑠 = 𝑖)𝕀(𝑟𝑙 𝑠 = 1)

𝐹𝑖,𝑙 𝑡 − 1 = σ𝑠=1
𝑡−1 𝕀(𝑖𝑙 𝑠 = 𝑖)𝕀(𝑟𝑙 𝑠 = 0)

•



𝑃 𝜃𝑖 𝜿,𝑫 α ς𝑙=1
𝐿 𝜃𝑖

𝑆𝑖,𝑙 𝑡−1 (1 − 𝜃𝑖𝜅𝑙)
𝐹𝑖,𝑙(𝑡−1) , for θi 𝜽

𝑃 𝜅𝑙 𝜽,𝑫 β ς𝑖=1
𝑀 𝜅𝑙

𝑆𝑖,𝑙 𝑡−1 (1 − 𝜃𝑖𝜅𝑙)
𝐹𝑖,𝑙 𝑡−1 , for 𝜅𝑙 𝜿
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Questions ?




