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Best Arm Identification (BAI) Problem

Goal: Identify the best arm I∗ (unique), i.e., the arm with the
largest mean reward.
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Contributions
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One-step Look Ahead Algorithm
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Motivation
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Derivation of Improved Knowledge Gradient Algorithm
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Algorithm Description:

Algorithm 1 iKG Algorithm

Input: k ≥ 2, n.
Collect n0 samples for each arm i.
for t = 0 to n− 1 do

Compute iKGt,i and set It = argmaxi∈AiKGt,i.
Play It.
Update µt+1,i, σt+1,i and I∗t+1

t← t+ 1.
end for
Output: I∗n.
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Theorem

For the iKG algorithm, limn→∞− 1
n

log(1− P{I∗n = I∗}) = ΓiKG, where

ΓiKG =
(µ〈i〉 − µ〈1〉)2

2(σ2
〈i〉/w〈i〉 + σ2

〈1〉/w〈1〉)
,

and wi is the sampling rate of arm i satisfying

k∑
i=1

wi = 1,
w2
〈1〉

σ2
〈1〉

=
k∑

i=2

w2
〈i〉

σ2
〈i〉
, and

(µ〈i〉 − µ〈1〉)2

2(σ2
〈i〉/w〈i〉 + σ2

〈1〉/w〈1〉)
=

(µ〈i′〉 − µ〈1〉)2

2(σ2
〈i′〉/w〈i′〉 + σ2

〈1〉/w〈1〉)
, i 6= i′ 6= 1.

In addition, for any BAI algorithms,

lim sup
n→∞

− 1

n
log(1− P{I∗n = I∗}) ≤ ΓiKG.

Le Yang & Siyang Gao & Chin Pang Ho

Improving the Knowledge Gradient Algorithm



Introduction Improved Knowledge Gradient Algorithm Numerical Experiments Contact Us

Numerical Results

Table: Probabilities of false selection for the tested algorithms in best
arm identification problem.

Example Example 1 Example 2 Example 3 Dose-finding Drug Selection Caption 853 Caption 854

Algorithms
Sample size

1000 5000 4400 18000 400 1000 1200 13000 2400 98000 1600 3000 12000 18000

BAI

Equal Allocation 0.38 0.22 0.44 0.31 0.25 0.13 0.35 0.05 0.43 0.27 0.17 0.11 0.26 0.18
EI 0.36 0.21 0.40 0.28 0.28 0.22 0.46 0.21 0.46 0.37 0.14 0.12 0.26 0.23

TTEI 0.25 0.07 0.32 0.09 0.13 0.02 0.31 0.03 0.55 0.28 0.04 0.01 0.10 0.06
KG 0.29 0.14 0.32 0.13 0.14 0.03 0.40 0.03 0.44 0.28 0.04 0.01 0.11 0.05
iKG 0.21 0.03 0.23 0.03 0.09 0.01 0.29 0.01 0.38 0.23 0.02 0.00 0.07 0.04
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