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From the definition to designing a circuit implementing it



General parity check



Hadamard Test – binary outcome measurements



Hadamard Test – unitary is observable with ±1 eigenvalues 

Observable ±1 eigenvalues 



SWAP Test



Two-qubit SWAP Test



Two-qubit SWAP gate 



Two-qubit SWAP gate 



Two-qubit SWAP Test



Two-qubit SWAP Test



Two-qubit SWAP Test



SWAP Test – Bias of probabilities 



SWAP Test – Bias of probabilities 



SWAP Test – Multiple qubits 

SWAP

Single qubit registers
The Hadamard test needs to control
the exchange of the two qubits
done with a controlled-SWAP gate.

Multiple-qubit registers
The Hadamard test needs to control
the exchange of the two 𝑛-qubit registers.

The exchange is done:
1. Pair together the i-th qubits of each register
2. Apply controlled-SWAP gate on each pair (controlled by the upper qubit)
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General Hadamard Test



General ±1 eigenvalues measurement



Subroutine for quantum simulation 



Quantum simulation in one slide



Quantum simulation in one slide



Pauli-string rotation



Pauli-string rotation – Proof



Pauli-string rotation – Proof



Pauli-string rotation – Proof
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1. Quantum simulation: NC 4.7
2. Pauli rotation gadget: NC 4.7.3
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Cambridge University Press (2010)
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