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A small game

What will the main character?

Will the main character like quantum machine learning?
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Memory cost and distortion

Distortion

Quantum

Classical

Memory Resource𝑑𝑞 𝑑𝑐ҧ𝑑
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Predictive Models

Future റ𝑥 ≔ 𝑥0𝑥1⋯

𝑥−1𝑥−2⋯ 𝑥0 𝑥1 ⋯

Past ര𝑥 ≔ ⋯𝑥−2𝑥−1

Predictive 

model

Encoding 𝜖(՚𝑥 )

Conditional future 𝑃( റ𝑥| ര𝑥)
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Quantum models
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Quantum Model

Memory

Binder, F. C., Thompson, J., & Gu, M. (2018). Practical unitary simulator for non-markovian complex processes. Physical review letters, 120(24), 240502.

𝑥−1⋯ ⋯

Encoding 𝜖(՚𝑥 )

Past ര𝑥 Future റ𝑥

Q-Samples

𝒅𝒒 = 𝓗( 𝝈𝒙 )
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Dual Poisson processes

Encoding
⋯1000⋯0 → 𝑠𝑘

k 𝑠0 𝑠1

0 อ
Φ(𝑘 + 1)

Φ(𝑘)

⋯
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⋯

1 อ1 −
Φ(𝑘 + 1)

Φ(𝑘)

𝜀-machine

Elliott, T. J., Yang, C., Binder, F. C., Garner, A. J., Thompson, J., & Gu, M. (2020). Extreme dimensionality reduction with quantum modeling. Physica Review Letters, 
125(26), 260501.

Φ 𝑛 = 𝑝Γ1
𝑛 + 1 − 𝑝 Γ2

n
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Single Qubit Model

Unitary operator

𝑈 𝜎𝑘 =
Φ 𝑘 + 1

Φ 𝑘
𝜎𝑘+1 0 + 1 −

Φ 𝑘 + 1

Φ 𝑘
𝜎0 |1⟩
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The amount of quantum memory

Γ𝑖 = exp(−𝛾𝑖Δ𝑡)
𝛾1 = 12, 𝛾2 = 1, 𝑝 = 0.9
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Learn a model from data

Learning 
Algorithm

|0⟩

Memory

Output 𝑥

U
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Learning Quantum Model

U

|0⟩
𝑥

|𝜎𝑖⟩ |𝜎𝑗⟩

Kraus 
operators A𝑥

Cost function:
𝐶 ≔ −log 𝑃(𝑥0, 𝑥1⋯ , 𝑥𝐿−1|𝐴

𝑥)

Ax = Ax − 𝜇∇𝐶

Evaluate the gradient ∇𝐶 Update 𝐴𝑥

Recover σ𝑥𝐴
𝑥𝐴𝑥

†
= 𝕀

𝐴𝑥 ≔ ⟨𝑥|𝑈|0⟩

Yang, C., Garner, A. J., Liu, F., Tischler, N., Thompson, J., Yung, M. H., ... & Dahlsten, O. (2023). Provably superior accuracy in quantum stochastic modeling. Physical 
Review A, 108(2), 022411.
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Classical Distortion Bound
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Training result and IBM 
Implementation

𝑑𝐶 = 𝑑𝑞 = 2,𝑁 = 3
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A Clock process

Φ 𝑛 = Γ𝑛(1 − 𝑉 sin2 𝑛𝜃)

𝐴0 𝜎𝑛 ∝ 𝜎𝑛+1𝑚𝑜𝑑 𝑁

𝐴1 𝜎𝑛 ∝ |𝜎0⟩

Wu, K. D., Yang, C., He, R. D., Gu, M., Xiang, G. Y., Li, C. F., ... & Elliott, T. J. (2023). Implementing quantum dimensionality reduction for non-Markovian stochastic 
simulation. Nature Communications, 14(1), 2624.



14

Experimental Details
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Experimental Results
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Conclusion

1. There exists quantum models that present unbounded memory advantages over 
classical models

2. We develop a discovery algorithm to find accurate quantum models with reduced 
dimension

3. We experimentally implement quantum models that outperform the best classical 
model in terms of memory.


