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Lecture 12: Early Quantum
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Fourier Sampling




Classical reversible computation
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Hadamard Transform

« Basic Building Block
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v = S
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Fourier Sampling
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Parity problem L AN
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We are given a function f : {0, 1}" = {.O, 1} as a blagk{)ofi(. X 'P(":‘ ;‘@ Xy
We know that f(z) = u - x for some “hidden” v € {0, 1}" = Xpe %, ol 2)
How do we figure out u with as few queries to f as possible?
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Bernstein-Vazirani Algorithm

We are given a function f : {0, 1} — {0, 1} as a black box.
We know that f(z) = u - x for some “hidden” v € {0, 1}"

How do we figure out u with as few queries to f as possible?
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- Set up superposition 5oz 2., (—1)7®z) = Fw XZC-') x2

. SR

|

« Fourier sample to obtain u.
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Setting up superposition

We are given a function f : {0,1}" — {0, 1} as a black box.
We know that f(z) = u - x for some “hidden” v € {0, 1}"

- Set up superposition 5oz >, (—1)7®|z)
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Bernstein-Vazirani Algorithm

We are given a function f : {0, 1} — {0, 1} as a black box.
We know that f(z) = u - x for some “hidden” v € {0, 1}"
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Recursive Fourier Sampling

« Recursive version of the parity problem.

« Classical algorithms satisfy the recursion
T(n) > nT(n/2) + n

Solution: T(n) = $(n'*%™) super pdly nowd o

« Quantum algorithm satisfies recursion
T(n) = 2T(n/2) + O(n)

Solution: T(n) = O(n log n) p8ly nownd |



