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Lecture 17: Quantum Fourier Transform
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Pauli-string rotation

Pauli rotations e " are useful subroutines in quantum simulation and beyond.\
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Pauli-string rotation — Proof
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Pauli-string rotation — Proof
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Pauli-string rotation — Proof
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Quantum Fourier Transform
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Generalization to multiple-outcome measurement

Phase-estimation circuit (next lecture)

Hadamard test (last lecture) VR e G s Binary encoding of ¢ \
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From Hadamard to QFT

/Hadamard gate
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Quantum Fourier Transform over Zog»

Binary representation of integers:

2= 2129 ...2n
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Binary fraction:
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Quantum Fourier Transform over Zog»
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Quantum Fourier Transform over Zog»
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Quantum Fourier Transform over Zog»
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Quantum Fourier Transform over Zog»
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Quantum Fourier Transform over Zog»
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Quantum Fourier Transform over Zog»
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Parallelization
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Quantum Fourier Transform over Zog»

® Quantum circuit: O(n?) gates.
@ Classical FFT: ©(n2™) operations on a 2™ vector.

the first step in phoneme recognition is to Fourier transform the digitized sound. Can

we use the quantum Fourier transform to speed up the computation of these Fourier

transforms? Unfortunately, the answer is that there is no known way to do this. The

problem is that the amplitudes in a quantum computer cannot be directly accessed by

measurement. Thus, there is no way of determining the Fourier transformed amplitudes

of the original state. Worse still, there is in general no way to efficiently prepare the Extract from NC
original state to be Fourier transformed. Thus, finding uses for the quantum Fourier page 220
transform is more subtle than we might have hoped. In this and the next chapter we

develop several algorithms based upon a more subtle application of the quantum Fourier

transform.

@ A quantum computer does not output the wave-function amplitudes!
O A quantum computer generates outputs (samples) from a probability distribution|t(z)|*

@ Quantum mechanics allows you to FFT an exponentially big vector but...

. encoding an exponentially big classical dataset in a quantum state is highly non-trivial

@ Quantum Machine Learning to be practical needs to deal with a similar issue.
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