
















I prefer left (fatty tuna) to right (eel).



I prefer left (flatfish) to right (shrimp).



I prefer right (shrimp) to left (fatty tuna).



I prefer right (shrimp) to left (fatty tuna).

















Ranking A
1.Napa Valley – The authority for lodging...

www.napavalley.com
2.Napa Valley Wineries - Plan your wine...

www.napavalley.com/wineries
3.Napa Valley College

www.napavalley.edu/homex.asp
4. Been There | Tips | Napa Valley

www.ivebeenthere.co.uk/tips/166
81
5. Napa Valley Wineries and Wine

www.napavintners.com
6. Napa Country, California –
Wikipedia

en.wikipedia.org/wiki/Napa_Valley

Ranking B
1. Napa Country, California –
Wikipedia

en.wikipedia.org/wiki/Napa_Valle
y
2. Napa Valley – The authority for 
lodging...

www.napavalley.com
3. Napa: The Story of an American 
Eden...

books.google.co.uk/books?isbn=...
4. Napa Valley Hotels – Bed and 
Breakfast...

www.napalinks.com
5. NapaValley.org

www.napavalley.org
6. The Napa Valley Marathon

www.napavalleymarathon.org

Presented Ranking
1.Napa Valley – The authority for lodging...

www.napavalley.com
2. Napa Country, California –
Wikipedia

en.wikipedia.org/wiki/Napa_Valley
3. Napa: The Story of an American 
Eden...

books.google.co.uk/books?isbn=...
4.Napa Valley Wineries – Plan your wine...

www.napavalley.com/wineries
5. Napa Valley Hotels – Bed and 
Breakfast...

www.napalinks.com 
6.Napa Balley College

www.napavalley.edu/homex.asp

B wins!

Slide from

[Radlinski et al. 2008,

Yue et al. 2011]





















 𝐾 = {1,… , 𝐾}

 𝑙 𝑡 ,𝑚 𝑡

 𝑙 𝑡 𝑚 𝑡

 𝑙 𝑡 = 𝑚 𝑡

 𝑀 = 𝜇𝑖,𝑗 ∈ 0,1 𝐾×𝐾

(𝑖, 𝑗) 𝑖
𝜇𝑖,𝑗

 1 − 𝜇𝑗,𝑖 = 𝜇𝑖,𝑗













 𝑖 > 𝑗 𝜇𝑖,𝑗 > 0.5













𝜇1,𝑗 > 1/2





















 (T) =  𝑡=1
𝑇 𝜇1,𝑙(𝑡)+𝜇1,𝑚 𝑡 −1

2

 𝜇1,𝑙(𝑡) > 1/2: 𝑙 𝑡

 (𝑙 𝑡 ,𝑚 𝑡 ) = (1,1)

 (1,1)







 𝑀 𝑎 > 0
𝑜(𝑇𝑎)








log 𝑇

𝑑 𝜇𝑖,𝑗,
1

2

𝑖 𝑗 𝜇𝑖,𝑗 <

0.5

 𝑟𝑖,𝑗: =
𝜇1,𝑖+𝜇1,𝑗−1

2
> 0 𝑖 𝑗



E[Regret 𝑇 ] ≥ 

𝑖≠1

min
j:𝜇𝑖,𝑗<1/2

𝑟𝑖,𝑗

𝑑 𝜇𝑖,𝑗 ,
1
2

log 𝑇 − 𝑜(log 𝑇)

𝒊 ≠ 𝟏



 𝑖 ≠ 1 𝑏∗(𝑖) =

argmin
j:𝜇𝑖,𝑗<

1

2

𝑟𝑖,𝑗 log 𝑇

𝑑 𝜇𝑖,𝑗,
1

2

 𝑏∗ 𝑖 = 1

 𝑖







 𝐼𝑖 𝑡 =  
𝑗∈ 𝐾 : 𝜇𝑖,𝑗≤

1

2

𝑁𝑖,𝑗 𝑡 𝑑  𝜇𝑖,𝑗 ,
1

2
.

 exp(−𝐼𝑖 (𝑡)) 𝑖



while 𝑡 < 𝑇

exp(−𝐼𝑖 (𝑡)) > 1/𝑡

 𝑂(𝐾 log 𝑇)
𝑂(𝐾 log 𝑇)



 𝑂(𝐾 log 𝑇)

 𝑂(log log 𝑇)

 𝑏∗(𝑖) 1 − 𝑂(poly(1/ log 𝑇))

 𝑂(log 𝑇 log log 𝑇)

𝑂 log 𝑇 log log 𝑇 × poly
1

log 𝑇
=

𝑜 log 𝑇
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