
 

Lecture 4 shores Algorithm II Factoring to period finding
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2 Quantum Phase Estimation

Objective given a unotary U and its eigenstateEigenvector14,7
U 147 e04147
can we find 04 Assume can prepare147

Phaseestimation allows us to convert phase information into
amplitudes that we can measure

QPE protocol

given UI E'T0147 QPEgives 2h0 where
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have QFT in input

in the QPE protocol register

2 notice that we are doing QFTt not QFT
need to carefully build Recall
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3 yesterday's lab solution i used U X galein

Qiskit and did QPE to find X
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ShorisAlgorithull
Problem already discussed that factorong a number

N pq
where poq are primeand large is classically difficult
OCexpfc.nl3 lognJ43 usingbest known methods

2 Quick primer on modular arithmetic

b 3 quotient 1 355
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remainder 2 2

5 2 mod3
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notice see 0 mod 3 x is amultipleof 3
see 1 mod 3 se is 1 1 some multipleof3

generally
2e y mod3 se _3kt y for some KEZ

also notice the periodicity ofmodular arithmetic
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eg se y mod 3 means YE 0 1,2



2 Solution

beginalgorithm gcdCa N L

CD pick a coprime with N pq
if unsure checkquickly if coprime

2 find the order r of the function a mod N

smallest r suchthat are 1 modN

3 if r is even

a Ark mod N

if sett 0 mod N then

p g gcd att N gcd a t N

else find another a

3 Concrete example factoring 15

15 1111 4 bits

coprime pick a 13
see 0 I 2 3 4 5 6 7

13 mod 15 1 13 4 7 1 13 4 7

Smallest r o s t 1311cmod 15 is n 4

given or 4

se E 134k mod 15 4 mod 15

sett 5 0 mod 15
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4 Quantum circuit for factoring 15 subtleties later for now
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step 3 after measuring a register let's say we measured 7

1374 t tha t 11174 11574701774
note the normalization



step 4 apply QFT on the.se register
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Analyze measured result i meas results peak near jNyforsomejez
10 is trivial If we measure 103 restart X
147 j kn 4 r 4 if j L r 4 is even good

42
see a mod N 13
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mod 15 4

set I 5 j godC sett N 5

se I 3 j god se l N 3
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works like above
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Looks like 3 4 results work and we are able toextract thefactors
successfully

demo of Vandersypen Steffen et al paper
showing how to factor15 on a quantumcomputer

caveats need 2in qubits at the inputregister for Ise
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with probability Iz r will be even and
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How to implement Ufa n

Recall famCse at modN
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can see Shor's algo is QPE in disguise

Also see Qiskit textbook chapter for an exampleofmodular
exponentiation implemented in Qiskit


