
 

1 5 Quantum Algorithms

Indirect Measurement and the HadamardTest
An indirect measurement of an observable

hermitian A with eigenvalues Il can be

performed by using ACA
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By denoting the input state 147 the
post measurement state is given by
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For example a circuit measuring the eigenvalue

of the operator X X X is given by
14 A x

According to the measurement outcome s oil

the post measurement state is projected by
I C 1 SX XX
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The Hadamard test of an arbitrary unitary
operator U is defined by the following circuit
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The probabilities of the measurement outcomes
O I of the X basis measurement are
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Similarly the Hadamard test for the

imaginary part is defined
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suppose we perform the Hadamard test N

times and obtain the measurement outcome

0 No times probability of error

Prop ng p e a 2é ChernoffHoffding



can estimate the matrix element

of 4107 with an error e by
repeating Hadamard test N poly Ye time

choose input state to be completely mixed
n qubit state
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Hadamard test provides trace Truly
deterministic quantum computation
with are clean qubit Decl

can compute Jones and Homefly
polynomials



Phase Estimation Quantum Fourier Try
and Factorization

Given an eigenstate leis of unitary op U

can estimate eigenvalues ai of U using
Hadamard test
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Moreover if a controlled y gate 11142

can be described by polynomial ofgates
we can efficiently estimate the eigenvalue
with exponential accuracy
Suppose a eid editionis in where

O j j in E j f



Kitaev's phase estimation algorithm
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where Uart is the quantum Fouriertrf
operator Let us first recall the discrete

Fourier transform

Ya ÉÉxjeaFjk N ex

the quantum version is

lj is ÉeHFOHM A unitary

the action on an arbitrary state may
be written as

ÉÉx ti l É y.lk
where g x is given by
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Take N 2h basis 107 12 D
n qubit basis

write state ly using binary rep j pizz in
i e j j 2 t j 2h t t j 20

Quantum Fourier tf admits the following
product representation
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Circuit representation 3 qubit example

151 I IRI IR to teatrorings
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The gate Ra is the unitary trf
Rk to Efik R2 S R

Suppose Ij ja is input state

If'd lo terror D ly in
controlled R

s at lo tenfold D 12 g

C Rn lo edition in D ly j

Continue similarly a second qubit etc

lo tettfo.in D lo tettntn i2ilp floyte2ifiooioip

nuts k gates required in total


