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Question: how 
to choose xt?

• expected improvement (EI) 
• upper confidence bound (UCB) 
• Thompson sampling (TS) 
• knowledge gradient (KG) 
• entropy methods, lookahead, …
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BayesOpt Pandora’s box

Tutorial: What are Pandora’s box and Gittins?

Results: Does Gittins work for BayesOpt?

Hype: How could Gittins help practical BayesOpt?

Gittins
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• Stop by selecting open box

Goal: maximize
<latexit sha1_base64="Kyxx9Ze7VGHPC6T0nhgv8aBhS54=">AAABxXicZU/LTsJAFJ3iC/FVdemmkY0LJS0xuDIhGiMLTDDhZWjTTIcLTJh2mpkpQSeN/+QX+Bm61C+xPDbIWZ2cc+7NOUHMqFS2/W3kNja3tnfyu4W9/YPDI/P4pC15Igi0CGdcdAMsgdEIWooqBt1YAA4DBp1gfD/zOxMQkvKoqV5j8EI8jOiAEqwyyTfr7kPPDehw6OkXX7sKpkpn34Ao6KepdWW5MsRyxGMQWHGhXZmEvqbWImllejQLphbxaeqbRbtkz2GtE2dJimiJhm8Gbp+TJIRIEYal7DnlWHkaC0UJg7TgJhJiTMZ4CL1a86nu6el88qrThwFOmLq0BjxSt2SUnYPwNLwxGqSFrJTzv8I6aZdLTqVUeb4uVu8+F/Xy6AydowvkoBtURTXUQC1E0Af6Qj/o13g0QkMZk0U0ZywnnaIVGO9/+kaBLg==</latexit>

E
ï
Yselected �
X

i opened

ci

ò

Each box: 
• Opening cost c 
• Hidden reward Y

c:Y

Which box to open?

Is it time to stop?

independent
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Expected improvement of Y over r:
<latexit sha1_base64="/hgLt2+Oo0ANni9kBFMSjOAGzTU=">AAABmnicZY9LT8JQEIWn+EJ8VV3qosoGIxJKDK5ICIYEoiaY8Ayt5PYywA23j9zeGrXp2l/jVrf+Df+NFdgg3+rMnJnkHMvjzJf5/I+SWFvf2NxKbqd2dvf2D9TDo7bvBoJii7rcFV2L+MiZgy3JJMeuJ5DYFseONb398zvPKHzmOk356qFpk7HDRowSGa8G6plhEzkRdlitR5leVhMXWkkzqmGmp13Fw9NlNFDT+Vx+hrYq9IVIw4LGQLWMoUsDGx1JOfH9vl7wpBkSIRnlGKWMwEeP0CkZY7/WfLg3w5dZj2VniCMScJnVRq4jS3QSv6MwQ3zjzIpScSj9f4RV0S7k9GKu+HidLle+5/GScALnkAEdbqAMNWhACyi8wwd8wpdyqlSUunI3P00oi0rHsITS/AVA1mtK</latexit>
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Expected improvement of Y over r:
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14   w.p. 0.5

0   w.p. 0.8 
18   w.p. 0.2

EI(X1, 10) = 2 EI(X2, 10) = 1.6

• Both boxes have EI > open cost
• Box 1 has better EI
• Optimal action: open box 2!

use r = best so far

r = 10
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Expected improvement of Y over r:
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14   w.p. 0.5
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18   w.p. 0.2

EI(X1, 10) = 2 EI(X2, 10) = 1.6

• Both boxes have EI > open cost
• Box 1 has better EI
• Optimal action: open box 2!

use r = best so far

r = 10

Just using EI 
is suboptimal!
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Step 1: rate each box separately Step 2: act on box of best rating

c2:Y2 c3:Y3 cn:Ync1:Y1 …

Optimal policy: Gittins

10

c:Y
Gittins index: 
g(c:Y)

g(c1:Y1) g(c2:Y2) g(c3:Y3) g(cn:Yn)…

:r g(:r) = r
Gittins policy: if box of 
max Gittins index is… 
• closed: open it 
• open: select it

higher is 
better

Theorem: [Weitzman, 1979] 
the Gittins policy is optimal

act on it
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Defining the Gittins index

12

Key question: what to do in 1.5-box problem?

:rc:Y

1.5-box problem

vs.

Defn: g(c:Y) is solution r to
<latexit sha1_base64="04U6xMWYUGI+yXCR/FeFRnFnWyk=">AAABnnicZU/LTsJAFL3FF+Kr6tJNIzHBiKQlBlckRIPBRCImPEMrmQ4XmDB9ZDo1atMv8Gvc6sbf8G+swEY5q/O4NznH9jkLpK5/K6mV1bX1jfRmZmt7Z3dP3T9oB14oKLaoxz3RtUmAnLnYkkxy7PoCiWNz7NjT69+884QiYJ7blC8+Wg4Zu2zEKJGJNVBPTIfIiXCi6m2c6+U1caqVNbMa5XraeSIez+JE04Ga1Qv6DNoyMRYkCws0BqptDj0aOuhKykkQ9I2iL62ICMkoxzhjhgH6hE7JGPu1Zv3Oip5nW/4mQxyRkMu8NvJcWaaT5B2FFeErZ3acSUoZ/yssk3axYJQKpYeLbOXqa14vDUdwDDkw4BIqUIMGtIDCG7zDB3wqmnKj1JX7+WlKWUw6hD9Quj/uo2xS</latexit>

EI(Y, r) = E[(Y � r)+] = c
profit: E[max{Y, r}] − c profit: r

When are 
these equal?

open c:Y
r

0 g(c:Y)

select :r
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Assumption: 
f ~ GP

Unknown function: 
f : [0, 1] → ℝ

Fixed horizon: maximize
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+
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⇤
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Results: classic benchmarks
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Results: empirical benchmarks
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Generalization: Markovian MAB
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Summary
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• Heterogeneous costs 
• Partial feedback 
• Automatic stopping
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