87

BR 1 CS Miné - course

on

uan tum Compufaf(‘on

A Berthiaume
C‘W“ I‘

| \
S€$Sicn ITI. Ccm/)/fyffy (f



Com/)/e xily (lasses:

BPP = c/ecfﬂ‘an /)raé/em; for
which 4 € ¢ Jo, %] and
3 PTM M Stlcé ?%42‘

Vx Pro 6[ M) .carrecf]* >%J’ €

ZQP = decision Wraé/em
Solvable on a QC
n expe cled Po/y— Time.

NB : the answer must be
correct
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Simon ‘s Problem:

Def: {: {o,l}n —» {0, I}m Wﬂ% m>n

is sacd o ée. S—-invarrant
n
if 3 s edet], s#" st

V 2xzx'  Ffoa=ftx') <P x'-x6:

Pra/)/em: Given a Ffunclion f v/if[l
the promise Thatl either

) £ s 1-ted
or Q) f is s-invarianT,

you ¢nust decide which
(and if 2, also produce s)
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51‘man‘s /oroé/em (s Aarc/:

Conr/a/er a PTM M that gqer/'ey
{ on k values and ﬂefg |

A? ‘Dc(r\'.)/ ' f(xk)

CQSC’ 11 A contains ho paz’ry
—> ho l'nfa/ flip coin...

Case 2: A contains >1 pair
—) we Rnow 3, b‘lt..

L
W Only /20 different s
can be ‘“c/ircouefe/” wilh
these 5/730'7’/‘(, Xy - Ty

—y if k= RHA', this s on/)z




Dl’a tda n .

)C cil%cr I~ra-1/5‘~mv.

{ K

OCn) times | Q2o

—

}

Classically - o
Solve X;*S <0
(for S) \

*«=

| _
f(a")}; f(s™)




Quamtum Solution:

Def S /I:L( :) S

)
-8 :
)
Sn
Recall: yccompafaé/e = (J’C
St
HE
. %‘:l U =
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Remar& aboot S :

n
Far- a/b € {O,l} ', a-b s The XOR

of the bitwise prac/a'cf 0F a
and b. (angA)

N

) |
Sn[W.> = .'}V?‘-.___.(-I) [¢D
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Quantum Solution:

R

e . —

On {_: S;‘l U . Sh ‘ ~
Om r : ‘ :
L : .

b

f

0,00 —» Y > lio>

— l_.,-;;. >_'li, fery
T

—b l/ln ,S:, 700‘7!27 flep
N

Che n, we ob serve (S’fana{dr&/ {7455?)

—» | F
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Quantum g@/a?‘/‘m (éonfv)"

Repedf /4 Times (W!‘f4 sam¢é f./)

I?f, f()’,)>, ) [7%/ f()’k)>

Case 4: If f s 1-10-2

—» the |x, fon) are selecled
uniformely Ffrom aff por-
scble | a; £06) >
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Q uanlum Solu lion _ ((d.ﬂf' ):

Cast Q\: § K 5-z‘nmr/’4nl‘

\/ x, Va '?(, f(7)> idenlical 1o
X, f(?65)>

b amplitede ol ()" *

bbf(.‘ this (s

+ Vn-l i f X5 =60
- 3

0 olherwise

.:S:?." MC I’X;,f(;;)> are um’farm/y
fe/c’cffc/ ‘From

{l% {((7)>I X S r-O}
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Quan(‘um §a /a f/‘on (Canlf)‘

[o delecmine W/Jef/:ef F is

[-To-{ or S =-invariani;

':)50/1/6 for s The Y)/rfem
X, S ¢
Xp-§ =
2 c S*

XQ'.S.:O
Where k € O(n)
?
2) test fco™y 2 .f(s*)
yes? —» £ s

s¥ _invariant
ve? — £ s |—To ~|

If cxpecled O(n)

fl'me, Tar/s works.

runm'n?/
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Orag/e ﬂe Sa/f:

ﬁm‘ 1 Xe {0,1}* such Thal
zaP" ¢ Bpp”

Proof: Immedriale wilth X
construcled as follow

Vn: F//'/o a Ta'r corm .

’ an ~to-
He Xt f J?Cm |<to-(

T: X[n_]d-— Rana/am §—-iny
£



