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The Bandit Problem Setting
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Our algorithms: NN-UCB & CNN-UCB

How to pick the next action to control the regret?

train the network to estimate the reward
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fi—1(x) = f(x; Q(J)) at step Jof GD

use gradient of that network to
estimate the variance of the reward
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Main Result: Sup(C)NN-UCB finds the optima in polynomial time.

Theorem (Informal)
Assume f € Hy,,, (or Hiepw ) If

the learning rate is small enough 3 B

and the network is wide enough (or has many channels), NN-UCB  R(T)/T =0 (CNN(d’ L)T Zd)

then under appropriate choice of B¢, (C)NN-UCB satisfies,
A

CNN-UCB  R(T)/T = O (CNN(d’ L) T%})

{Sup Variant of d2d

Rr/T - 0as T — o©

with high probability.

Comparison to prior works

[Zhou et al. ICML ’20] I(yr; fr) = O (Td%dl) [Thm 3.1]
[Zhang et al. ICLR ’21] Rr < (](yT§ fT)\/T)

[Yang et al. arXiv '20] Ry /T =O(T"37)
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Key Ingredient: Maximum Information Gain Bound

The information gain

Its maximum
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I(yr; fr) = H(yr) — H(yr|fr) = %logdet(IJr o °Kr)

yr = max I(yr; fr)

wl,.on ,mT

Theorem (Informal)

The maximum information gain associated with the Tangent
Kernel of a L-layer NN (or a 2-layer CNN) is bounded by

yran =0 (CNN(da L)T%)

N T e
v1.cnv= O | Cnn(d,2) (d)
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Key Ingredient Il: Invariance Trick

Observation

d Cl'w:(wl+1,$l+2,"',ZEd,Hﬁl,"',ZL’l)

w*m:Z(w,cl-m) —%L

=1

The 2-layer CNN is invariant to circular shifts

d
1
fCNN I, W ’U E V; Orelu 'wz *a: E E NN Cl :c;W,'v)

And so is the corresponding CNTK
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Key Ingredient Il: Invariance Trick

On the d-1 dimensional sphere,

kNN ( H ks Fd, k:) spanned by degree-k spherical harmonics

]CCNN ( HE F d k) spanned by circular shift invariant degree-k spherical harmonics
Y

Lemma (Informal)

dim (ﬁd,k) e

dim (er,k) B d

— Improved rates for the CNN-UCB
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Thank youl
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