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Introduction to Quantum Computing

Lecture 13: Simon’s Algorithm

Raul Garcia-Patron Sanchez
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Projective and partial measurements




Projective measurement

ﬂ projective measurement consist of a set of projectors PN

[

Satisfying a completeness relation: Z P, =1,
i=0
Satisfy orthogonal relation: P, P, = 0y mPm

Probability of outcome i reads: P(3i) = || P;|)]|° !

The quantum state is updated to
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Projectors on vector subspaces

@ Projectors on a 1-dim vector subspace: P; = |v;)(v;|

e Projector on vector subspace S of dim k(S C H) :

@ Being a vector space, S has an orthonormal basis {|u;}"~

k—1
® Ps =) |us){u
1=0

® P: = Ps
e Pl = Ps



Subsystem measurement




Two qubit example
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Two qubit example
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Two registers example
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Simon Algorithm
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Simon Algorithm
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What if we measure after the oracle?

- D
" F:{0,1}" = {0,1}" ) - S I
\\f(l“):f(x’)@mzwformzm’@a// |8>>:: __@—Cﬁ )
0) — H O — N
e f(x) being 2-1 function: 0) f—
L — ——

Py) = ﬁ |zy) + |z @ a)]

S
(029
S




What if we measure after the oracle?
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We get an input “x” associated to output “y” as
y=f(x). But to guess a we need the other one and the
probability to measure the same y again is going to
be exponentially small.




fle)=f(zYexz=2"orx=2"®a

Simon Algorithm

® Measurement outcome ¥ : / [4y) \\
) = = (1) + |y @ a) 0)—+ -
Y \/§ Y Y O> I H m }
@ Walsch-Hadamard: 0)— H O Ve V-
0) — H f H N\J
(_1)a:y Z 4 (_1)(:cy@a)-z} ’Z>
0)"— — AY

/Walsh—Hadamard transform A

H®n\ 1 — 1) %
7)) — 7= > (F1)T2)

\_ z€{0,1}m

-

We generate samples z of n bits
that satisfy: az = 0.




Simon Algorithm
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@ Classical post-processing: solve system of linear eq. » a

a z§ ) +a zél) + ...+ apz, > — 0 mod 2 1. Each outcome penerates a
{ a4 Z§ | T a2 Z(2) + - ‘|' a (2) = 0 mod 2 samples z of n bits that satisfy:
" az = 0.

2. We generate n samples.
3. If n equations are independent
we solve system of equations.

\alz§ 4 a, z(n Do+ 2" Y =0 mod 2

® We always have a = 0 as solution = We need only n — 1 equations.

1

@ Probability of linear independent set P> Z



Simon Algorithm
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Classical queries
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@ We need to find a pair x and z’ such that f(z) = f(a')

Solution a = x P «’

® Success probability: Prlz = 2’ @ a] = on _

® For T queries we have at most 77 different pairs:
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We do not need to measure lower register

@ Measurement outcome v : / le> \\
) = = 12y + |z, @ o) 0) -+ -
Y \/§ Y Y O> I H m }
@ Walsch-Hadamard: 0)— H O NEvaay V-
1 o 0)— H f H mJ
o) = oz 3 (1))
z:a-z=( — @ y

S
(029
S

/

L} {z€{0,1}" :a-2=0}

Neither “x,” nor “y” play play a role in the
post-processing. We could forget the value

of “y” and nothing would change!




We do not need to measure lower register

® Measurement outcome y :
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