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• Exact
• Shift is specific to each gate – in 

general, we use a large shift

• Only an approximation
• Requires that shift is small
• Known to give rise to numerical 

issues
• For near-term devices, small shifts 

could lead to the resulting difference 
being swamped by noise

This is not finite difference!
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The parameter-shift rule

The parameter-shift rule has been explored 
and extended in-depth since first detailed

• Quantum hardware benchmarking
https://arxiv.org/abs/2008.06517

• Extended to higher derivatives
https://arxiv.org/abs/2008.06517

• Extended to additional gates, including 
noisy channels
https://arxiv.org/abs/2005.10299
https://johannesjakobmeyer.com/blog/004-noisy-parameter-shift/
https://pennylane.ai/qml/demos/tutorial_stochastic_parameter_shift.html

• Convergence proofs and criteria
https://arxiv.org/abs/1910.01155
https://pennylane.ai/qml/demos/tutorial_doubly_stochastic.html
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Thank you!
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