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Introduction to Quantum Computing

Lecture 13: Simon’s Algorithm

Raul Garcia-Patron Sanchez
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Simon Algorithm
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Projective and partial measurements

ol




Projective measurement

ﬂ projective measurement consist of a set of projectors PN

[

Satisfying a completeness relation: Z P, =1,
i=0
Satisty orthogonal relation: P, P, = 05 mPm

Probability of outcome i reads: P(i) = || P;|¢)]|? !

The quantum state is updated to
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Subsystem measurement




Two qubit example
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Two qubit example

— 1) (Py=1®10)(0]"
) S S; P =I®|1)(1
. R+P=1

1) = Y00l0) ® [0) + 01/0) @ [1) +r0]1) ©10) + i [1) ®\1]
-

Polp) = 100/0) ® |0) + 1b10]1) ® |0) = (¥00|0) + ¥10]1)) ® \0>
1 Pol)||? = (| PoPolv) = (¥ Polp) = |v0,0]* + |t1,0/°

P ~
||ﬁ2::i;|| B \/|1,b00|21_|_ (012 (v00]0) + 9¥10(1)) ®|0) = |¥0) ® |0)

N /




Two registers example
\

/

Two register of n and m qubits respectively : ~
§ ! PEEREY L Py =1 |y)(yl
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Simon Algorithm
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Simon Algorithm
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Simon Algorithm
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What if we measure after the oracle?
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What if we measure after the oracle?
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the same “y” again is going to be
exponentially small.




Simon Algorithm

@ Measurement outcome y :

1
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® Walsch-Hadamard:
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We generate samples z of n bits
that satisfy: az = 0.




Simon Algorithm

f:{0,1}" — {0,1}"

fxYexrz=2orz=2"da

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

[ a z§ ) + as z(l) + ... T apz, 2 = 0 mod 2 1. Each outcome generates a
! a z§ ) + as z(2) + .. + O 2\ ~(2) — 0 mod 2 samples z of nobits that satisfy:
az = 0.

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

\a1z§ 4oy z(n Do 2" = 0 mod 2

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

1

@ Probability of linear independent set P> 1



Classical queries

f:{0,1}" — {0,1}"

fxYexrz=2orz=2"da

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

Solution a = =z & x’

® Success probability: Prjz = 2’ @ a] = on 1

® For T queries we have at most 77 different pairs:
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We do not need to measure lower register
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Neither “x,” nor “y” play play a role in the
post-processing. We could forget the value

of “y” and nothing would change!




Simon Algorithm

O {2¢€{0,1}":a-z =0} is of size 2" /2 = 2"~
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@ Probability of linear independent set
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