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The quantum computing revolution?



What is quantum machine learning?



Quantum speedups for classical machine learning



The NISQ era

• Current quantum computers...
• are affected by noise and errors (not fault-tolerant)
• have a limited number of qubits (below 1000)
• are not fully connected

• They may prove useful in some applications



Variational circuits and QML

• Variational circuits are one of the central techniques in
QML

• They allow us to...
• embed data
• train parameters



The power of Quantum Neural Networks



Learning with few data



Limitations in QML

• Hardware size
• Feature and instance selection
• Few trainable parameters

• Noise and errors
• Device access
• Inherent problems (barren plateaus, architectures...)



To know more...



Reinforcement learning



Controlling particle accelerators

• A simple control problem at the Super Proton Synchrotron
(CERN, Geneva)



Solving the problem with (classical) neural networks

• Feedforward dense neural network
• Two hidden layers with 8 neurons each



Solving the problem with quantum Boltzmann
machines

• Free energy reinforcement learning
• Quantum annealing used for energy estimation
• 16 qubits (D-Wave annealers, Chimera topology)



Results with and without experience replay



QBM vs neural networks



A more complex problem



Actor-critic architecture



Results



To know more...



Thank you for your attention!


