An Asymptotically Optimal Batched
Algorithm for the Dueling Bandit Problem

Arpit Agarwal’ Rohan Ghuge? Viswanath Nagarajan?

Data Science Institute, Columbia University.
2Industrial and Operations Engineering, University of Michigan.

October 20, 2022



Motivation: \Web-search Ranking

https://www.expedia.com» ... » Maryland
Top Hotels in Baltimore, MD from $76 - Expedia

Check Baltimore (and vicinity) hotel prices - Canopy by Hilton Baltimore Harbor Point -
DoubleTree Hotel Baltimore - BWI Airport - Baltimore Marriott Waterfront.

Accommodation: 673 hotels Highest Price: $182
Number of reviews: 9622

https://www.kayak.com ... » Hotels in Maryland
16 Best Hotels in Baltimore. Hotels from $59/night - KAYAK

Baltimore hotels near The Baltimore Convention Center ; La Quinta Inn & Suites by
Wyndham Baltimore Downtown - Baltimore - Bedroom. La Quinta Inn & Suites by ...

Average price (weekend night): $200 Low season: May
Average price (weeknight): $175 High season: March

https://travel.usnews.com » Hotels » USA

25 Best Hotels in Baltimore, MD - US News Travel

Four Seasons Hotel Baltimore - Sagamore Pendry Baltimore - Kimpton Hotel Monaco
Baltimore Inner Harbor - Royal Sonesta Harbor Court Baltimore - Hotel Indigo ...

https://baltimore.org » Plan
Baltimore Hotels & Lodging | Visit Baltimore

Looking for a quick getaway? Book a staycation at a Baltimore hotel in the heart of
downtown or try one of the city's many charming neighborhood hotels. And, ...

https://www.travelocity.com ... » Maryland
Baltimore Hotels from $72 - Hotel Deals - Travelocity

Most frequently booked Baltimore hotels - Renaissance Baltimore Harborplace Hotel
- Hyatt Regency Baltimore Inner Harbor - The Westin Baltimore Washington Airport ...

https://www.trivago.com » USA » Maryland

Baltimore Hotels | Find & compare great deals on trivago

Hotels in Baltimore, USA - Sagamore Pendry Baltimore - Four Seasons Hotel
Baltimore - Hyatt Regency Baltimore Inner Harbor - Holiday Inn Express & Suites
Baltimore ...

https://www.choicehotels.com » Baltimore, MD, US
Hotels in Baltimore, MD - Choice Hotels

24 hotels near Baltimore, Maryland ; Sleep Inn & Suites Downtown Inner Harbor - 0.14
mi. 1463 ; The Inn at Henderson's Wharf, Ascend Hotel Collection - 1.31 mi.
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Can extract pairwise comparisons
(Radlinski et al., 2008)
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Dueling Bandits

K arms, time horizon T

e Intrialt € T:
- select pair (i,, J,)
e QObserve noisy comparison:
- P(i beats j) = p; ; ; comparisons are independent

1

Pij T +A4;;

» Condorcet assumption: 3 i* : py.; > 1/2 Vi

o Regretattimet: r(t) = Ai*,l} + Ai*,jt

Total regret: R(T') = Z r(1)

5

Goal: perform noisy

comparisons that
have low regret




Batched Dueling Bandits

* Instance of Dueling Bandits

e Number of batches, B

Goal: perform B batches of noisy
comparisons that have low regret

Notation: A; = Ay, Apy, = min A,

min , ]
J:AF#0




Batched Dueling Bandits

- O(K?1og*(K)) + O(K log(T)) asymptotic regret in O(log(T)) rounds!

| K2 log(T)
- best sequential bound: 0(A2 ) + 2 0( A. )

min j:A>0 J

- our result (nearly) matches best sequential result using only O(log(7")) rounds



Techniques

1) i* can be trapped using few adaptive rounds (in expectation)

2) Once trapped, use i* to eliminate sub-optimal arms



Conclusion

e Studied the batched dueling bandits problem under the Condorcet assumption

e Give an algorithm that achieves a trade-off b/w #batches and regret
e O(K? logz(K ) + O(K log(T)) asymptotic regret in O(log(7T')) rounds!

e Algorithms relies on:
1) trapping best arm
2) Using trapped arm to eliminate sub-optimal arms

THANK YOU!



