
Near-term Algorithms

for Quantum Machine Learning

Matthias Degroote
Work with Jhonathan Romero, Jonathan Olson,

Lasse Bjørn Kristensen, Peter Wittek,
Nikolaj Zinner, Alán Aspuru-Guzik

Conference on Quantum Information and Quantum
Control-VIII 29/08/2019



Parametrized circuits for quantum chemistry

10.1038/ncomms5213
arXiv:1812.09976

Comparison

• less operations
• more

measurements
• optmization on

classical
computer
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https://www.nature.com/articles/ncomms5213
https://arxiv.org/abs/1812.09976


VQE on real devices

PhysRevX.6.031007

PhysRevX.8.031022

Transmon
qubits

Trapped ions
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https://journals.aps.org/prx/pdf/10.1103/PhysRevX.6.031007
https://journals.aps.org/prx/pdf/10.1103/PhysRevX.8.031022


VQE on real devices: results

PhysRevX.6.031007

PhysRevX.8.031022

H2

H2, LiH
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https://journals.aps.org/prx/pdf/10.1103/PhysRevX.6.031007
https://journals.aps.org/prx/pdf/10.1103/PhysRevX.8.031022


End of the story?

Some remarks

• What can you do
with only the energy?
• How large to be

useful?
• Which systems are

interesting?
⇒ Inverse design

10.1021/acscentsci.7b00550

10.1021/acscentsci.7b00572
10.1126/science.aat2663

Can we reformulate this
machine learning toolbox for
near-term quantum devices?
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https://pubs.acs.org/doi/10.1021/acscentsci.7b00550
https://pubs.acs.org/doi/10.1021/acscentsci.7b00572
https://science.sciencemag.org/content/361/6400/360


Variational Quantum Autoencoder

Classical Autoencoder Quantum Variational
Autoencoder

Jhonathan Romero
10.1088/2058-9565/aa8072
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https://iopscience.iop.org/article/10.1088/2058-9565/aa8072


Cost function

Fidelities

C1 =
∑

piF
(
|ψi 〉AB , ρ

out
i ,p̄

)

C2 =
∑

piF
(
TrA

[∣∣ψ′i〉 〈ψ′i ∣∣AB] , |a〉B)
• no input in

swap
• guaranteed
C1 ≤ C2
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Results: parametrized unitaries

Parametrized Unitaries Training vs. Test
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Results
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Results
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Current research directions

Latent Space exploration

• Identify information ⇒ Douglas Mendoza
• State preparation
• Operations on reduced space

Quantum information applications

• Lossless compression as proxy for entanglement entropy
• Error correction scheme ⇒ Smik Patel
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Quantum Generator for Continuous Classical data

Jhonathan Romero
arXiv:1901.00848

• replicate classical
distribution

• adversial training

C = −1

2
E [FD (x ; Θd)]

−1

2
E [log [1− FD ((FG (z ; Θg ,Ωg ) ; Θd))]]
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https://arxiv.org/abs/1901.00848


Generator circuit
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Results

Currently
looking at noisy simulations and implementations on a

superconducting device ⇒ Abhinav Anand
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An Artificial Quantum Spiking Neuron

Classical Spiking Neuron

• sparse connectivity
• spikes transfer information
• thresholding behavior
• temporal character
⇒ extremely efficient

Quantum Spiking Neuron

Lasse Bjørn Kristensen
(Aarhus University, DK)
arXiv:1907.06269

• quantum neuron with
temporal character
• not gate based
• discriminate Bell states

without changing∣∣Φ±〉 = 1√
2

(|00〉 ± |11〉)∣∣Ψ±〉 = 1√
2

(|01〉 ± |10〉)
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https://arxiv.org/abs/1907.06269


Building blocks: excitation counting and phase

1 2 3
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J
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Full comparator function

• 7 qubit overhead
• feed forward

• 3 qubit overhead
• not strictyly feed forward
• complication in readout
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Full comparator function

• Measurement back-action ⇒ non-trivial correlations in
network
• Defines an expected likelihood kernel ⇒ quantum kernel

learning methods

P|↑〉 =
3∑
0

|ai |2 |bi |2 ∼ k
(
p, p′

)
=

∫
p(x)p′(x)dx
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Conclusions

Done:

• First demonstrations of non-trivial machine-learning functions

To do:

• Expand machine learning functions
• Apply concepts to new problems
• From simulation to experimental demonstration
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The end

Thank you for your attention!

Questions are welcome

Slides: https://mfdgroot.github.io/
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https://mfdgroot.github.io/

	Intro
	Quantum Variational Autoencoder
	Outro

