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Fourier and Discrete Fourier Transform

 Fourier transform (continuous case) and inverse
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Quantum Fourier Transform
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Quantum Fourier Transform
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This explains the swap, Hadamard & controlled phase gates
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Swap can be implemented along the way
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QFT and phase estimation
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Distribution of measurement outcomes

U (1) Encode phase ¢, (2) Inverse QFT, (3) Measurement in computational basis

D by
O Example. phase/2n: ¢= 0.096723759008708,, = 000001100011000010111001,

Use t=4 qubits to encode phase =» 24¢p= 1.100011000010111001,
v" Two best probable outcomes: 0001, (prob= 0.331695) ano@@lo2 (prob= 0.48531)
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Quantum Phase Estimation

QFT=Quantum Fourier Transform
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€ is error probability

Apply inverse of QFT will
yield the first few digits of
the phase ¢
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Semiclassical QFT and iterative QPE

O If QFT or iQFT is the last step, then controlled phase gates can be replaced by
0/1 measurement followed by classical controlled phase gates

[Niu and Griffiths, PRL ‘96]
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Phase estimation for gate S p

1. case 0 phase (input of qubit 3
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Note: previous circuit run had also
measured qubit[2]]; thus three bits
of label.



Phase estimation for gate S

2. case pi/2 phase (input of qubit 3 is |1> of S)
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Application of QPE

» Approximate projection to eigenstates

» Order and period finding

» Shor’s factoring algorithm

flz1,22) = a®* ™2 mod N b=a°= s="

> Discrete logarithm flz1+q,22 — q8) = f(z1,72)

> Hidden subgroup problem Ulg)|h) = [g)|h @ f(9))

f is constant on the cosets
of a subgroup K = find K

» Harrow-Hassidim-Lloyd (HHL) quantum linear system and
related algorithms

» Quantum SVD



