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Find the best treatment. Find the most profitable ad. 
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Find the best channel  in the quantum network    

𝒪1 𝒪2 𝒪3

Find the best quantum solver

𝐾 arms: each with a Bernoulli r. v. ℬ(𝜇𝑘) 
with unknown mean 𝜇𝑘

Δ𝑘 = 𝜇∗ − 𝜇𝑘
• In each time slot 𝑡, pull one arm, and 

observe the arm reward realization.
• With confidence 1 − 𝛿,  find the best arm 

𝑘∗ ≔ argmax 𝜇𝑘  with as small number of 
samples as possible (sample complexity)

Simulations

Quantum Best Arm Identification

Weak quantum oracle (Parallelism)

𝒪𝑘: 0 ↦ 𝜇𝑘 1 + 1 − 𝜇𝑘 0

Strong quantum oracle (Entanglement)

𝒪MAB:

𝑘=1

𝐾

𝑎𝑘 𝑘 𝐼 0 𝑅 ↦ 

𝑘=1

𝐾

𝑎𝑘 𝑘 𝐼( 1 − 𝜇𝑘 0 𝑅+ 𝜇𝑘 1 𝑅)

𝒎-Constrained Quantum Oracle (Unified)

𝒪𝒮:

𝑘∈𝒮

𝑎𝑘 𝑘 𝐼 0 𝑅 ↦

𝑘∈𝒮

𝑎𝑘 𝑘 𝐼( 1 − 𝜇𝑘 0 𝑅+ 𝜇𝑘 1 𝑅)

Weak (𝑚 = 1) Strong (𝑚 = 𝐾)

General 𝑚-Constrained  (1 < 𝑚 < 𝐾)

Measure the state: ℬ 𝜇𝑘 ∼ ቊ
1 w. p. 𝜇𝑘
0 w. p. 1 − 𝜇𝑘

Classical Best Arm Identification

Technique 1: Quantum Parallelism 
Permits More Information.
To Achieve ℙ Ƹ𝜇𝑘 − 𝜇𝑘 ≤ 𝜖 ≥ 1 − 𝛿, 
• Classically: 𝑂 1

𝜖2
log

1

𝛿
 samples

• Quantumly: 𝑂 1

𝜖
log

1

𝛿
 samples. 

Technique 3: Arm Set Partition.
• Partition 𝐾 arms to 𝐾

𝑚
 subsets

• Eliminate bad arms in the subset 
level

Technique 2: Amplitude Amplification 
+ Binary Search.
• Query all arms coherently 
• Shrink the potential optimal arms 

efficiently
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