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Quantum Arithmetic Circuit의 가장 아래 변환층

𝑓 𝑛 = 𝑂(𝑔(𝑛))

𝑓 𝑛 = 𝑜(𝑔(𝑛))

𝑓 𝑛 = Θ(𝑔(𝑛))

𝑓 𝑛 = Ω(𝑔(𝑛))
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For any 2𝑛 × 2𝑛 operator 𝐴 with degree ℓ, and any unitary 𝑈 implemented by a depth-

𝑑 𝑄𝐴𝐶0 circuit, the approximate degree of 𝑈𝐴𝑈† is upper bounded by ෨𝑂 𝑛1−3
−𝑑

ℓ3
−𝑑

.

Let 𝑓: 0,1 𝑛 → {0,1} be a Boolean function with approximate degree Ω(𝑛). Suppose 𝑈 is 

a depth 𝑑 QAC0 circuit with 𝑛 input qubits and a = ෨𝑂(𝑛1+3
−𝑑
) ancillae initialized in any 

quantum state. Then 𝑈 cannot compute 𝑓 with the worst-case error strictly below 1/2.
And U can’t approximate 𝑃𝑎𝑟𝑖𝑡𝑦𝑛 nor 𝑀𝑎𝑗𝑜𝑟𝑖𝑡𝑦𝑛 over uniform inputs. 
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Fidelity

Normalized Schatten p-norm
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d Operator spreading 능력의 제한성 수치화

Fan-out과 ancillae를 이용한 Fan-in, 그리고 CZ를 갖지만
Deep entanglement와 high degree operator를 생성할 수 없음

Boolean function에서의 계산 가능한 function 경계 디자인

Centre Boolean function대부분이 계산 불가능
Classical 𝐴𝐶0보다는 강하지만 𝑁𝐶1 − 𝑄𝑁𝐶1 수준으로는 도당 X

Ancilla가 𝑛1+3
−𝑑

보다 작으면 PARITY 불가능
𝑛1+𝑡(𝑡 > 1)정도면 PARITY 가능
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