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III.5 ON THE EINSTEIN PODOLSKY ROSEN PARADOX*

JouN S. BELLYT

. Introduction

THE paradox of Einstein, Podolsky and Rosen [1]} was advanced as an argument that quantum mechanics
could not be a complete theory but should be supplemented by additional variables. These additional vari-
ables were to restore to the theory causality and locality [2]. In this note that idea will be formulated
mathematically and shown to be incompatible with the statistical predictions of quantum mechanics. It is
the requirement of locality, or more precisely that the result of a measurement on one system be unaffected
by operations on a distant system with which it has interacted in the past, that creates the essential dif-

ficulty. There have been attempts [3] to hat even withont such ‘rability or locality require-

ment no ‘‘hidden variable’’ interpretation These attempts have been
examined elsewhere [4] and found wanting. Srpretation of elementary quan-
tum theory [5] has been explicitly construc n has indeed a grossly non-
local structure. This is characteristic, act Y here, of any such theory which
reproduces exactly the quantum mechanical |




LOCALITE




LOCALITE




LOCALITE




LOCALITE

DETERMINISTE




LOCALITE




LOCALITE




HIERARCHIE DE
NON-LOCALITE




HIERARCHIE DE
NON-LOCALITE




HIERARCHIE DE
NON-LOCALITE




HIERARCHIE DE
NON-LOCALITE




T Ao T A Rk PRI RN e Y RSt e T JEmm : : y A= ' A P . Oy AL 3 AR
. s 2 2 ; 3 b . : A o

e AT POA el — » X Py 5 . 1 PSS Ao - 3 % o, . . et A A
PR ARy SR TRl v ¢ : K ) S, o . By g s 4 y AR NI LT

T e — -
B yypo iy N5 s ey
RO 7 R Py




HIERARCHIE DE
NON-LOCALITE




G~ R
B e et
o -y b . \ - % I i ' R AT
DO AN — : : : 2 . : : X - s >

- ; 4 5 < d - A : Y O . / J Zu A5 4 S0
KA SR A Sty . S5 B . i . 3 - . _ . _ & ¥ N AR i A XIS

N

i

s X
PR

e ——
el 6 A e i S g

it P
B i b Ry syt i, iy .

T g
SN




v 3 A 3
B SRS Y
'y
)
23
N
.
b
o
"
.
& 3 o & %
. - - 2




HIERARCHIE DE
NON-LOCALITE




HIERARCHIE DE
NON-LOCALITE







HIERARCHIE DE
NON-LOCALITE




Xi0s Xils Xi2 Yoj» Y1jo Y2i

57 g
X0 D x;; @ X =0
ijeByljeayZ]_ 1

e T e T s e e g » S - SR— - D - ———__
e o e T8 IR S WO e e m— e LTE— . . — 2 —— s . it et P OO g St S0t B e Tt



HIERARCHIE DE
NON-LOCALITE




HIERARCHIE DE
NON-LOCALITE




HIERARCHIE DE
NON-LOCALITE




CLASSES DE COMPLEXITE

MIP>'C = IP
— PSPACE




CLASSES DE COMPLEXITE

MIP>'C = IP
— PSPACE

MIP-Ct = MIP




CLASSES DE COMPLEXITE

MIP>'C = IP
— PSPACE

MIP-Ct = MIP

MIP/'PC) — MIP* = RE




CLASSES DE COMPLEXITE

MIP>'C = IP
— PSPACE

MIP-Ct = MIP

MIP/'PC) — MIP* = RE




CLASSES DE COMPLEXITE ZK

ZKMIP>'C
= SZK




CLASSES DE COMPLEXITE ZK




CLASSES DE COMPLEXITE ZK

KMIP-°: NEXP




CLASSES DE COMPLEXITE ZK

KMIP s NEXP

ZKMIP'PC) — MIPMP®) = R




CLASSES DE COMPLEXITE ZK

KMIP s NEXP




CLASSES DE COMPLEXITE ZK

" 4

7 KMIP-°S NEXP
= MIP-"C
ZKMIPLOC) — MmIp/tPC = R




CLASSES DE COMPLEXITE ZK

=

7 KMIP-°S NEXP
= MIP-"C
ZKMIPLOC) — MmIp/tPC = R




CLASSES DE COMPLEXITE ZK

=

7 KMIP-“< NEXP
— MIPU_@C










R S N

N\
O JLJL.




N\
o

w wC W W W







/.
Y7\

s/
v\\/ J\J\J\—/-J




P
2 TRIEINCTE TN N T
- b/ -y o/ e/ -

o Ui\ L  J I s




o/ 4\\\4 v_/\ -’ ‘e




o/ 4\\\4 v_/\ -’ ‘e




~S 03 0~~0C RN

~S RS0 ~~0C R




V

temp

7

2

o .»"".........l

Stinchcom

>
space







NOTRE APPROCHE




2004
COMPLETUDE

Consequences and Limits Richard Cleve  Peter Hoyer

of Nonlocal Strategies Benjamin Toner  John Watrous



2004
COMPLETUDE

Consequences and Limits Richard Cleve  Peter Hoyer

of Nonlocal Strategies Benjamin Toner  John Watrous



2004
COMPLETUDE

Consequences and Limits Richard Cleve  Peter Hoyer

of Nonlocal Strategies Benjamin Toner  John Watrous



Consequences and Limits Rih dlle

Peter Hoyer
of Nonlocal Strategies Benjamin Toner  John Watrous




Consequences and Limits Richard Cleve  Peter Hoyer

of Nonlocal Strategies Benjamin Toner  John Watrous




2004
OMPLETUDE

Consequences and Limits Richard Cleve  Peter Hoyer

of Nonlocal Strategies Benjamin Toner  John Watrous




Consequences and Limits Richard Cleve  Peter Hoyer

of Nonlocal Strategies Benjamin Toner  John Watrous




COHERENCE ?



‘»‘

) (@ComrLiTUDE®) (@

COHERENCE



TRANSFERABLE









- ZK A VERIFICATEUR-HONETE






_ TRANSFERABLE



IDEE NOUVELLE






















e
o >




MISE-EN-GAGE ??

w

e



MISE-EN-GAGE




MISE-EN-GAGE




MISE-EN-GAGE

-

.

}' ‘

meg = b - r+ cou



MISE-EN-GAGE

-

.

}' ‘

meg = b - r+ cou



MISE-EN-GAGE

-

.

}' ‘

- '
R\

meg = b - r+ cou




MISE-EN-GAGE

meg .= it ol




MISE-EN-GAGE




MISE-EN-GAGE




MISE-EN-GAGE




MISE-EN-GAGE




MISE-EN-GAGE




MISE-EN-GAGE




MISE-EN-GAGE

LOC=2/3=66.66%

I



MISE-EN-GAGE

\/3 +2

LOC=2/3=66.66% LOC ) = ~71,82%

meg — coul

D =

I



MISE-EN-GAGE




MISE-EN-GAGE




MISE-EN-GAGE




MISE-EN-GAGE




MISE-EN-GAGE




MISE-EN-GAGE




MISE-EN-GAGE




MISE-EN-GAGE

meg -r' —meg' - r

/

coul =




MISE-EN-GAGE

PRINCIPE DE
DEVOILEMENT VIA M-E-G




MISE-EN-GAGE

PRINCIPE DE
DEVOILEMENT VIA M-E-G

DOUBLE-SPENDING
DETECTION MECHANISM







A

meie

noeud avec meme r
fie la consistence.

>
=’
D)
s
Mav!
=
D)
e
-
B
=
D)
-

prouveurs le

0. —

<

eo.
Veri

l

I

I

|

'p

12 | | meg;




%/

B 1 Demander a deux
prouveurs le meme

noeud avec meéme r
veérifie la consistence.

= meg; = meg;

1, [meg,




£

L | Demander a deux

prouveurs le méme
noeud avec meéme r
vérifie la consistence.

= meg; = meg;

| |mes,

noeud avec deux r’s
donne la couleur.

Demander a deux
prouveurs le meme




Demander a deux 1 92
prouveurs le méme

noeud avec méme r
veérifie la consistence.

' v [ F
] = mes=mes; L

prouveurs le meme
noeud avec deux r’s
donne la couleur.

Demander a deuX

n=n AT; F = coulni = meg; + meg;







































COHERENCE MALGRE L’INTRICATION

N
\ \
oy \ \|

“ ) - v V ©

MEGk[ni, r] — (caul + b, r Caul 0, r)

nl’

— —_— —_— e — T — o~ e
\ = 4 y \\_../’ “



COHERENCE MALGRE L’INTRICATION

N
\ \
oy \ \|

“ ) - v V ©

MEGk[ni, r] — (caul + b, r Caul 0, r)

nl’

< — <7 -— v N N - " <N VY 9w
N’ - 4
— —_— —_— e — T — o~ e
\ = 4 y \\_../’ “



COHERENCE MALGRE L’INTRICATION

A
TN A _
[— R \ vy
\\
| n a
- \_/ v v v v - I — o

MEGk[nl-, i 1, Vil = (coul, +b,1; Caulnj |- bnjl’j)

v W o WP NS J . J o J ‘B 4 e

MEGk[nl-, iy W 1] = arpitraire

— — e “~ o~ S
A N /& Wy - I\ N
4 o s/ 4 i N’ o/



COHERENCE MALGRE L’INTRICATION

A
y W y \/ N ~ N J \_..// A W / e

I S

MEGMn.. 1 i, 1] = (caul + b, r caul 0, r)

l’l’ nl’

- . : = sh o = A
| (IYNTN\

__ - = £ N \ | = ”“’  e

J W e W N N S y @ V@ B R SR v o S o

MEGk[n ;. 7] = arbitraire

“MEG[nl, ] — bien-deéfini “

/-\,. A \ /“‘\f
\ ___VV\E ~ \

Vs \\ J g../" J e \._./

35, § :
-/

[W——g | 4
= I S5 o s



COHERENCE MALGRE L’INTRICATION

A
"““/-\“\_—\"" : N -

o oV [P

MEGn;, 1, n 1, 1| = (coul, + bn 5 Caul +D, 75)
MATHON \ T .
MEGk[n i, 7] = arbltralre

MEG|7., ] — bien-defini

COUL[n] — pien-detini “




SIMULATION ZK

1 4




POWERFUL THEOREM

[ e— ) J
b A . o :‘ L
b \
i3 S rp L
[ i\ 3 2
SN : )
4 @ /4
] WR

3asvar -
7/,

Julia Kempe, Hirotada '4 ashi, Keiji Matsumoto, n Toner, Thomas Vidick
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Entangled Games Are Hard to Approximate

» Si PI est cohérente face aux prouveurs locaux
alors PI augmenté grace a 1 prouveur imitant les
premiers est cohérente face aux prouveurs intriqués
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S1 PI est cohérente contre prouveurs locaux/intriqués
alors PI augmente grace a N prouveurs imitant les
premiers cohérente face aux prouveurs Non-Signalants ?

Zero-Knowledge ?
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