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NISQ devices
NISQ = Noisy Intermediate-Scale Quantum

Focus on manipulating O(10) – O(100) qubits.
Let’s NOT dive into a complicated error correction and see if 
we can do anything useful with it. 

Obstacle: noise, of course!!

Error mitigation: run a given NISQ device many times + classical postprocessing

§ Trade space resource with time resource (sampling cost)
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Zoo of error-mitigation protocols
Various error-mitigation protocols proposed so far.

§ Probabilistic error cancellation 

§ Noise extrapolation

§ Virtual distillation

§ Symmetry verification

§ …

What is the ultimate performance shared by all error-mitigation protocols?
General theory for quantum error mitigation? 

[Temme et al., PRL ’17]

[Temme et al., PRL ’17] [Li, Benjamin, PRX ’17]

[Koczor, PRX ’21] [Huggins, PRX ’21]

[Bonet-Monroig et al., PRA ’18]

[Buscemi et al., ’13]



Ryuji Takagi Fundamental limits of quantum error mitigation, npj Quantum Inf. 8, 114 (2022)

General quantum error mitigation
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General quantum error mitigation
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Examples

R+
1

R 𝒟

A) Probabilistic Error Cancellation

𝑵 = 𝟏 𝑸 = 𝟏 𝑲 = 𝟏

B) 𝑹𝐭𝐡 Order Noise Extrapolation C) 𝑹-copy Virtual Distillation

𝑵 = 𝑹 + 𝟏 𝑸 = 𝟏 𝑲 = 𝑹 + 𝟏 𝑵 = 𝑹 𝑸 = 𝑹 𝑲 = 𝟏
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Quantifying performance

How many round number M ensures the statistical error    ? 

M samples ensure error                         with probability          
when
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Lower bounds for maximum spread
What is the unavoidable maximum spread 
for a given maximum bias?
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Application: protocol benchmarking
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Application: error-mitigating layered circuits
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Summary
§ Introduced a general framework for quantum error mitigation.

§ Sampling lower bounds? See our follow-up work
“Universal sample lower bounds for quantum error mitigation”, arXiv:2208.09178

§ Showed the optimality of probabilistic error cancellation for the 
local dephasing noise in terms of the maximum spread.

§ Showed that mitigating errors in layered circuits requires 
exponentially large maximum spread.

§ Established a general lower bound for the maximum spread.


