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Quantum Fourier Transform

Discrete Fourier Transform
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.
Quantum Fourier Transform Circuit
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.
Quantum Phase Estimation

Given a unitary operator
U with an eigenvector
' " Tutu> = IT 147

estimate 0
.
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In , hahze
Eigenvector
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n By

2. Apply Hadamard

1417=[4/07] Ty >
3
. Apply several controlled a

Effect: control qubit will turn ( phase kickback) proportionally to
the phase eziito
The phase is

encoded in the input qubits in the
Fourier Bases

4. Apply inverse Quantum Fourier Transform ( Q FT
t) to convert to the

Z bases
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Measure a> I 2
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Shor's Algorithm

Problem : Given a and N
,
as N

,
find the period of

the function
f c) = ak mod N

Perel : smallest r such that arm.IN =L

Exampled : a=7 N = 15

( a × b) mode =@mod c) xbnodc
f- (e) = 7 mod 15=7

o
f- (2) = 49 mod 15 =

f- (3) = ftp.7 mod 15=13 = 73 mod 15

f- (4) = ft) 7 mod 15 = 9 'd mod 15 =②
f- (5) = 7

f- (6) = 4
The period is r= 4

f- (7) = 13



Solution : Use QPE on
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How is an Eigenstate of U ?
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Another eigenstate with eigenvalue f- L
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Shor 's circuit

Idea Perform QPE on U using state IL> as input
since ( I> is a superposition of eigenstates lids>
the result of a measurement will be :

§ = f- for some o E SE
r
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6 . Factoring






