
Quantum computation : Lecture 10

Shor's algorithm : summary

Task : given N , non-prime , find a notrivial
-

factor of N

We assume : · 2 does not divide N

· N = pe , perme

(as these cases are easily solvable(

(Ruediger)



Algorithm : · Pick a - E2 .. N-13 unif . at random

· Compute gcd(a , N) =d with Endid's algo

If dF1 , we have found a non-trivial factor of N

if d = 1
, compute the multiplicative order

of a mod N
,
call it r (NB : r is the

smallest value St a"mod N = 1) - Shor

· if r is odd ( then declare failure

· if r is even , write a-1 = (a*-1 . (a *+ 1)



· if N divides GE
+1
,
then declare facture

· otherwise
, compute gad (N, aF-1) and

gcd(N ,a + 1) : both must be non-trivialide

Analysis -> P (failure) = E (Apeatthealsa



Take now M = 2 m ~N2 (r < N).

We wish to compute the period of f : 2-2

defined as far (x) = a mod i

f is -periodic : f(x +r) =f(x) Face
Look at f on 50 .. M-13

It zu---- ↳

Consider now the following quantum circuit :
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Measurement : Py = (y)y/Im
Outcome :

Ifrdvides, then Ply)=
So y = k.1 with keso.. r-13 umformly dist.

Now
, ifI does not divide M , the formula becomes :

either TF]
P(y)= where A6) =E or FE-17



In this second case
,
it can be shown that

P(Jockcr.1 St. /y-kE =E)2
i
.

e. I * -E1*** in case of success.

Assume now gad (b, r) = 1 (this happens
with probability -ur)



Systematic way to find :

Compute all convergents of t (continued fractions)
=> lade at all the denominators :

each of these denominators is a candidate

for the period r : check if a"mod N = 1

#


