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Abstract: <span>Human monkeys are used to thinking about the problem of
choosing from a set of objects according to some desired, biased, probability
distribution. Just think about how you chose your partner(s). Even when it is
easy for you to do such asampling, it can be difficult to do a quantum
sampling (Q-Sampling) of the same distribution. By Q-Sampling | mean the
creation of a coherent superposition of states of such objects whose amplitudes
are the (square roots of) of the specified distribution. In thistalk | will

discuss what we do know about this problem, why it isinteresting, and will
discuss how it can let us achieve tasks with quantum information that are
provably impossible classically.</span>

Pirsa: 13030000 Page 1/47



Pirsa: 13030000



v (e 1)

/%T‘

size. (\) £< siZe(W»?

Pirsa: 13030000



v (e 1wD)

/%r‘

sizo (N) << size (WD) 7

@@@@‘——ﬂﬁbl+s
Q /\if—?nhd‘s

Pirsa: 13030000



i H\/T SUC\/\ Hhat

size (\) = On)

P(TTVIND) = Cot C Y |TTIWD

Pirsa: 13030000



BRERNOULLI FACTORY

]
”EXO.C+ Mon"'e-courb COMMUnﬁy

Pirsa: 13030000



VP SEmma—

BRERNOULLI FACTORY

]
”Exac\' Mon"'e-courb COMMUnﬁy

Pirsa: 13030000



RERNOULLI FACTORY

]
”Exac\' Mon"'e-cour|o COMMUnﬁy

Pirsa: 13030000



"B R R R

Qc)ect
Fhp P'“’"‘S TTT TTH  TuT

/ COA{ hing

@@8

HTH , HTT, THH

\\/ Accept

HHH HHT

Pirsa: 13030000 Page 9/47



Pirsa: 13030000



irsa: 13030000 Page 11/47



irsa: 13030000 Page 12/47



Pirsa: 13030000



Pirsa: 13030000



Chx
0000

0010. 1000 0001.0100
O011. 1010, 1001 0101, 0110, 1100
1110, 1011 1101, 0111

Pirsa: 13030000 Page 15/47



T =0.01010001011

T
(O SA

V— .

irsa: 13030000 Page 16/47



TV =0.01010001011

T
COE S

Y .
O()'"pu+ Head/) ou+|00+ +°-A\5

irsa: 13030000 Page 17/47



irsa: 13030000 Page 18/47



pe(0,'2)

TAEOREM
( keare, O'Bnen, 'qy.)

L) can e ‘wonufadured

LL § conhuvous £ exthec
.-(; 'S congtant, OR

‘dp’:_{k soch tHhak :
M (\0, |-—p)
>
win (€% (-Fp)<)

Pirsa: 13030000 Page 19/47



'c(P):'&P Pe(ol'/-l]

TAEOREM
( keare, O'Bnen, 'qy.)

‘E(P\ con be 'Mavw‘fnd'ur«l)
L€ + onhnuvous L exthec

_(. 'S congtant, OR
9P, 4k soch thak:

M (\0, l-—p)
4
min (£, (—Fcp)*)

Pirsa: 13030000 Page 20/47



KEEV qoING

Pirsa: 13030000 Page 21/47



CNTRODOC (NG QUOINS &

<

P ‘o> (ol + (=PI

V
4

B o> e\




CNTRODOC ING  QUOINIS

<

P ‘o> (ol + (=PI

\V,
4

B o> +-p '




Q- Sam*\mj_

Na= Doultl‘- lo\\O©
AN~z Mke = Alis

ﬂ lowo'%—ﬁ,l 10110> +&'§é\aum> 2

Pirsa: 13030000 Page 24/47



Q- Sam*\mj_

Na= Doultl‘- lo\\O©
ANz Mke = s

J-‘/; lowo'%—ﬁ,l 10110> +&§;\aum> 2

Pirsa: 13030000 Page 25/47



£c. PERMUTATIONS OF 4,2, ...0

D, =G =123 {Pb-: ;\_”_()_‘-:0-‘,}
N, =20,=132% '

——

S
Ea«S\a’ ass ica (\ “

ONE MET HED

— Choose (€51, '3 oniformly
—_ Comp\)t'a T

.k > oD 1 N
g g 19

irsa: 13030000 Page 26/47



£c. PERMUTATIONS OF 4,2, ...0

D, =G =123 {PL-: ;\_”_()_‘-:0-‘,}
N, 20132 ‘ -
-Ea«Sv' ass ica (\ “

ONE MET HED

— Choose (€51, 13 onformly
—_— Compurc T

A X\ I
" Ar

" Q-SAMPLE.

irsa: 13030000 Page 27/47



Q-SAMPLING X CRAPH ISOMORPHISM

\ 2
X \ +5
ol o 2 {5 O

G:»(Cu\: O Ga(G)= 1O

irsa: 13030000 Page 28/47



Q-SAMPLING X CRAPH ISOMORPHISM

G;(Cu\: |O|

Q"\(G.\t‘o‘ w
G—z(ﬁt\:[\o 'DA

Pirsa: 13030000 Page 29/47



CHASSIE AL g P, =0 (cl)}
CEASM ) n'

00 SAMPLE \—%,Z 1L \TUG))
CEASY) T e

Pirsa: 13030000 Page 30/47



SWAP TEST
D 10O 4D+ (kW)

Bz % (1% \<hledl’)
1

DoES NOT wor Kk FoKk PoO -SAMPLES

(2 <i<oeanl )(S 1519
=0
Even € Q. -CL

irsa: 13030000 Page 31/47



Pirsa: 13030000

WHAT caN BE Q—SAM?LEDJ
ALL B(T STRINGS

Do---oo o --00
Po - o o - - Ol

PO-.-IO O --

o ™
* »

Page 32/47



WHAT caN BE Q-SAM?LEDJ

RECENTLY DISCOVERED POWERFUL CLASSES OF CLASSICAL SAMPLING
ALGORITHMS SOLVING HARD PROBLEMS:

* Ferromagneticlsing (Jerrum, Sinclair)

* Permanents of non-negative matrices (Jerrum, Sinclair and Vigoda)

* Volumes of convex bodies in high dimensions (Dyer, Frieze, Kannan)
* Integration of log-concave functions (Applegate, Kannan)

“«Sel€ Reduc i‘oleu

arXiv.org > quant-ph > arXiv:quant-ph/0208112

Quantum Physics

Creating superpositions that correspond to efficiently integrable probability
distributions

Lov Grover, Terry Rudolph
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WHAT caN BE Q—Skmu;bj

arXiv.org > quant-ph > arXiv:quant-ph/0301023

Quantum Physics

Adiabatic Quantum State Generation and Statistical Zero Knowledge

Dorit Aharonov, Amnon Ta-Shma

© @u\‘n 2.) Q.Q,SU“'S po‘\'e\n ‘Hq\ls Q(Ph'c«..‘o\e

xo non-sel {-reducible Pmlolems.

Pirsa: 13030000 Page 36/47



THEOREM

( eare, O'Brien, ')

‘E(P\ con be (Monu{ud'l)rd) ,\
LC 4 onhnvous L ecthec ‘F(P) = (§p+drp 21.

£ s constant, OR ; >
ﬁplak such that: '

L A i i L L A i i
0 0.1 0.2 03 04 05 0.6 0.7 08 09 1

P

min (P, 1-p)
4
Min (((p)"‘, (t-*FfP))k)

Pirsa: 13030000 Page 37/47



iiiii

: 13030000

TAEOREM

( keare, O'Bnien, "9y )

‘E(P\ con be (Manu{nd-urd)

LL 4 onhnvous L evthec
L vs consgtant, oR

vp, 4k soch that:
n (P, 1- p)

’ Z ipticrp|

min (€%, (-F)<) l't:p ;:,_ (-irp

INFINTELY MOKRG
PowEREUL THAN I

Page 38/47



MUCH Mmo€ FUN TU BE HAD
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