Best Arm ldentification with Quantum Oracles

Xuchuang Wang, Yu-Zhen Janice Chen, Matheus Guedes de Andrade,
Jonathan Allcock, Mohammad Hajiesmaili, John C.S. Lui, Don Towsley -rencen‘r

L <P A
S VR

/3

quantum solver

Find the best channel in the guantum network

Classical Best Arm ldentification Quantum Best Arm |dentification o eeres ey @ @ o -
Find the best treatment. Find the most profitable ad. .
— e = Weak quantum oracle (Parallelism) Strong quantum oracle (Entanglement)
ADI ! |lAD] ! .
%—- N ﬂ\z-- . _ |1) W.p. U
p R . B( ) Measure the state: B(uy) {|0) w.p.l—u’; K =
arms: each with a Bernoulli r. v. B(uy 0 z -
wagt ) @elk}0)e > ) ) (VT = 00+l 1))
with unknown mean Ok: 10) & \/likH) T \/1 — Ug|0) — —
* Ap =p = Uy 1
In each time slot ¢, pull one arm, and o s EINSTEIN ATTACKS Ouantum Teleportation
observe the arm reward realization. > Y o QUANTUM THEORY A
With confidence 1 — 0, find the best arm < %@;\ oot sl Y Sollongrs . => "-.'; ﬁ
k* := arg max y; with as small number of ~o - | e e

samples as possible (sample complexity)

Image credit: https://www.flaticon.com/

Weak (im = 1) Strong (m = K)

m-Constrained Quantum Oracle (Unified)

General m-Constrained (1 <m<K)

Technique 1: Quantum Parallelism

Permits More Information. Os: z a,lk);|0)r » z arlk) (V1 = el 0) g+l | 1) R)
To Achieve P(|f,, — ux| <€) =21 -6, kes kes

 Classically: O (E—lzlog%) samples

* Quantumly: O elog%) samples.

Simulations m Lower Bound Upper Bound

| —@— SuccElim

=
o
(®)]

O
o

m-Constrained
Quantum

level
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