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How could quantum computing help with ML?

I Data
I speed up sampling from data distributions
I use fewer data samples (e.g., Arunachalam 1701.06806)

I Optimisation
I speed up optimisation (Wiebe et al. 1204.5242, Rebentrost et al. 1307.0471,

Denil & Freitas ∼ 2012 cs.ubc.ca/˜nando/)
I find better solutions

I Model
I speed up existing models (Pararo et al. 1401.4997, Low et al. 1402.7359,

Allcock et al. 1812.03089)
I design better models (Amin et al. 1601.02036, Benedetti et al. 1906.07682)

I ML for quantum experiments
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Variational circuits as composable & differentiable models.
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Farhi & Neven 1802.06002, Schuld et al. 1804.00633
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Variational circuits as composable & differentiable models.
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Stokes et al. 1909.02108, Kübler et al. 1909.09083, Sweke et al. 1910.01155, Ostaszewski et al. 1905.09692, ...



Variational circuits as composable & differentiable models.
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We can train quantum circuits like neural nets.
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Quantum models are (similar to) kernel methods.
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Quantum models are (similar to) kernel methods.

f (x) = 〈Mθ〉x = tr{ρ(x)Mθ}
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Quantum models are (similar to) kernel methods.

I In many situations we can replace a variational QML model by an SVM
with a “quantum kernel”.

I We are guaranteed that the best measurement can be found in linear time in
the number of training data.

I Compared to current variational training, we need fewer (and shorter)
circuit evaluations.
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Quantum models are (similar to) kernel methods.
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Huang et al. 2011.01938, also: Liu et al. 2010.02174



Quantum models are (similar to) kernel methods.
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Quantum models have a Fourier representation.
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Javier Vidal & Dirk Theis 1901.11434; Schuld, Sweke & Meyer 2008.08605



Thoughts on QML & HEP.
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Guan, Perdue, Pesah, Schuld, Terashi, Vallecorsa, Vlimant,
Quantum Machine Learning in High Energy Physics, arxiv:2005.08582



Thoughts on QML & HEP.

I Can we use specific properties of QML to study HEP data?
I Learning with “quantum data”.
I Let S(x) be an experimental protocol that prepares a quantum system in

state ρ(x). Can we distinguish between different classes of ρ(x)?
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Thank you.

www.pennylane.ai
www.xanadu.ai

@XanaduAI
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