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Inflation ideas in
the Bell scenario




Pirsa: 23030076

Causal structure Parameters

Px1sA
Py |TA

=¥

Pxy|sT = XA Px|saPy|TAPA
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Causal structure Parameters

Px1sA
Py |TA

=¥

Pxy|sT = XA Px|saPy|TAPA

Examples of causal compatibility constraints:

PxsT = Px|s
Py st = Py

Pirsa: 23030076 Page 4/62



Causal structure Parameters

Px1sA
Py |TA

=¥

Pxy|sT = XA Px|saPy|TAPA

Examples of causal compatibility constraints:

PX|ST — PX|S % Zm:y PXY|ST($?J‘OO) + % Zm:y PXY|ST($U‘01)
PyisT = Py|r : D a—y Pxvy)s7(zy[10) + : D ary PxyisT(zy[ll) < 1

Clauser, Horne, Shimony and Holte, Phys. Rev. Lett.23, 880 (1967)
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(X,Y)

I KN R K

Oand O 43% 7% 7% 43%

(S T) 0and 1 43% 7% 7% 43%

43% 7% 7% 43%

1and 1 7% 43% 43% 7%
Violates the

CHSH Inequalities
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Bell model M Inflated model M’

(O Px|sa
Py 17
() PA

&)

Pxo1SoA
PX1|Sl/\
Py, 1A

Py, i1 A
Pp

Pxolson = Pxy181A
Py imon = Py A

irsa: 23030076 Page 7/62



Bell model M Inflated model M’

o

i 2ney Pxvis(2y]00) + 5 >0, Pxy|sr(xy|01) 1 2ney Pxovolsoo (2Y]00) + 3 35, Pxova|s,m (2y]01)
i Z:J::;r,r P)(Y|ST(;L‘y|1(}) + % Za:#y PXY|ST("-I’.y|11) S % i Eﬂ:‘:'y PX1Y0|51TD (.’L’y'lO) Sp i Zx;’:y PX1Y1|31T1 (mylll) S %
Causal compatibility inequality in M Causal compatibility inequality in M’
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Consider any distribution over 4 variables QX0X1Y0Y1

The marginals @ x,v,, @xovi> @ X1y @Xovi satisfy

Pirsa: 23030076

% Zw:y QXOYO (:By) + % Zw:'y QX{)Yl (iL'y)
1 Lamy Qx1%0 () + § 2oy @i (wy) < §
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Inflated model M’

Take QX0X1Y0Y1(°) = PX0X1Y0Y1|8081T0T1("0101)
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Inflated model M’

XoYo L 517115070 = Px,v,|8,T05:T2 = Px0v0|80T0

XoY1 L 5170|5011 = Px,vi|SeTosi Ty = Pxovi|SeT:

X1Yy L SoT1|51T0 = Px,v,(S0T05: Ty = Px1Y015: T

X1Y1 L SoTo|S1Tt = Px,vi|SoTosiTs = Pxivi sy

i Za::y PXOY()lSOSlTOTl (my|0]’01) _I_ % Zm:y PXOY]_|SOS]_TOT1 ($y|0101)
i z:]E:Z‘y PX1Y0|SOSITOT1 (fL’lelOl) —|_ i Zm;ﬁy PX1Y1|8081T0T1 ($y|0]—0]—) S %

i Yooey PxovolsoTo (£y]00) + 7 Do Pxov;|som (2y|01)
1 Damy Px1 701570 (2Y110) + 3 D7y Pxyvyps,m (zy]11) < 4
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Bell model M Inflated model M’

o

i 2n—y Pxvisr(ey]00) + 5 >0, Pxy|sr(xy|01) I Loy Pxovesomo (y|00) + 3 30, Pxovi s, (2y]01)
i Z:L‘:;r,r PXY|ST(;L‘y|1(}) + % Za:#y PXY|ST("-Ey|ll) < % i Eﬂ:‘:'y PX1Y0|51TD (.’L’y'lO) Sp i Zx;’:y PX1Y1|31T1 (mylll) S %
Causal compatibility inequality in M Causal compatibility inequality in M’
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Bell model M
(O Px|sa

Py 1A
© P
)

Pxy|sT = 2A PxisaPy|TaPA

Pxy|sT
compatible with M
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Inflated model M’

Px01SoA
PX1|Sl/\
Py, im0

Py, i1 A
Pp

Pxolson = Pxy181A
Py imon = Py A

PxoYo|SoTo = 2N PXo|SoA Yo | ToAEA
Pxovi180T; = 2A PxglsonPyy i APA
Px.vol$1T0 = 2A Pxy15:APyo oA PA
Px.vi18:1 = 2APxq15:APv Ty APA

PxoYo|SoTor PxoY11S0Tr> PX1Y0|$1Tor £X1Y1 |91 T4
where PX@%|S{1} = PXY|ST
compatible with M’
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Consider any distribution over 4 variables QX0X1Y0Y1

The marginals @ x,v,, @xovi> @ x1v0: @Xovi satisfy

Pirsa: 23030076

% Zw:y QXOYO (:By) + % Zw:y QX()Yl (iL'y)
1 Lamy Qx1%0 () + § 2oy @xavi (wy) < §
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All the Bell inequalities for binary settings and outcomes

i Zgg:y PXY|ST($y|OO) + % zac:y PXY|ST($y’01)
% Z.‘I;zy PXY|S’T($QI10) Sl % Z:L‘;éy PXY|S’T($y|11) < %

+ permutations corresponding to the 8 frustrated four-node networks

XX XX
_ N

- - =5 Ly
>\ ~ >\
o——0 - =0 & - % — =0
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Hardy’s version of Bell’s theorem
via the inflation technique
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Hardy-type correlations

Pxy|s7(:]00) = ap[00] 4 ag1[01] + a10[10] + a11[11]
Pxy|s7(:|01) = boo[00] + bp1[01] 4 b11[11]

Pxy|s7(10) = ¢cpo[00] + ¢10[10] + ¢11[11] @
Pxy|s7(1|11) = dgg[00] + dp1[01] + d10[10]
where a;; >0 @
Compatible?
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Hardy-type correlations

(X,Y)

I O IR K K
: . : >0

(S.T) . . 0 . @
. 0 . .
: ()

Compatible?
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Bell model M
(O Px|sa

Py 1A
© P
)

Pxy|sT = 2A PxisaPy|TaPA

Pxy|sT
compatible with M

Pirsa: 23030076

Inflated model M’

Px01SoA
PX1|Sl/\
Py, im0

Py, i1 A
Pp

Pxolson = Pxy181A
Py imon = Py A

PxoYolSoTo = 2 Pxo|sonPyo|TonEA
Pxovi180Ty = 2A PxglsonPyyTiAPA
Px.vol51To = 2A Pxq15:APYo oA PA
Px.vi15:11 = 2APx15:A Py T APA

PxoYo|SoTor PxoY11S0Tr> PX1Y0|$1To £X1Y1 |91 T4
where PX@%|S{1} = PXY|ST
compatible with M’
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Bell model M Inflated model M’

2

Take Qx,x,v,v: (") = Px,x,Yov1|S08: T, (+]0101)

Pxy|s7(:[00) = ago[00] + ag1[01] + a10[10] + a11[11] QXo¥y = ago[00] + ap1[01] + a10[10] + a11[11]
Pxy|s7(-|01) = bool00] + bp1[01] + b11[11] Qx,y; = bool00] + bg1[01] + b11[11]
Pxy|s7(:[10) = co[00] + c10[10] + c11[11] Qx,vy = c00[00] + ¢c10[10] + c11[11]
Pyxy|s7(-|11) = dpo[00] + dp1[01] + d10[10] Qx,v; = dgg[00] + dg1[01] + d10[10]
where a17 > 0 where a11 > 0
compatible with M compatible with M’
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Xg o—— Y

Pirsa: 23030076

Sometimes

1

X1 o

1

o Y

Suppose there is a distribution Q xoX1YoY
with marginals

QxoYy = ago[00] 4 ag1[01] + a10[10] 4 a11[11]
QRx,y; = bool00] + bo1[01] + b11[11]

Qx,vy = €00[00] + c10[10] + ¢11[11]

Qx,v; = dpo[00] 4 dp1[01] 4 d10[10]

where a11 > 0

Always
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Bell model M Inflated model M’

2

Take Qx,x,v,v: (") = Pxox,Yov1|S08: T, (-[0101)

Pxy|s7(:[00) = agg[00] + ag1[01] + a10[10] + a11[11] QXo¥p = ago[00] + ap1[01] + a10[10] + a11[11]
Pxy|s7(-|01) = bpo[00] + bp1[01] + b11[11] Qx,y; = bool00] + bg1[01] + b11[11]
Pxy|s7(:[10) = c0o[00] + c10[10] + c11[11] Qx,vy = c00[00] + ¢10[10] + c11[11]
Pxy|s7(-|11) = doo[00] + do1[01] + d10[10] Qx,v; = dgg[00] + dg1[01] + d10[10]
where a17 > 0 where a11 > 0
incompatible with M incompatible with M’
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Xg o—— Y

Pirsa: 23030076

Sometimes

1

X1 o

1

o Y

Suppose there is a distribution @ xoX1YoY
with marginals

QxoYy = ago[00] 4 ag1[01] + a10[10] 4 a11[11]
Qx,y; = bool00] + bg1[01] + b11[11]

Qx,vy = c00[00] + ¢10[10] + ¢11[11]

Qx,v; = dpo[00] 4 dp1[01] 4 d10[10]

where a11 > 0

Always Always Never

Xo “1\: Yo Xo o 1 Yo X0 o
1 /
X1 o Yy X1 J o Y] Xq 1 1

o—0—o Y7
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Hardy-type correlations

(X)Y)
oo [ om0t
T

SN o [

Hardy, PRL 71, 1665 (1993)
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Bell model M Inflated model M’

2

Take Qx,x;v,v: (") = Pxox,Yov1|S08: T, (-]0101)

Pxy|s7(:[00) = agg[00] + ag1[01] + a10[10] + a11[11] QXo¥y = ago[00] + ap1[01] + a10[10] + a11[11]
Pxy|s7(-|01) = bpo[00] + bp1[01] + b11[11] Qx,y; = bool00] + bg1[01] + b11[11]
Pxy|s7(:[10) = co[00] + c10[10] + c11[11] Qx,vy = c00[00] + ¢10[10] + c11[11]
Pyxy|s7(-|11) = doo[00] + do1[01] + d10[10] Qx,v; = dgg[00] + dg1[01] + d10[10]
where a17 > 0 where a11 > 0
incompatible with M incompatible with M’
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Bell model M Inflated model M’

PXGISO/\
P
P X1[S1A
D D P Fisy
Sl Pyy A
9 o P Pp

&

Pxo150n = Pxq151A
Pyoiron = Pyyima

Px\sT ‘= 2y Pxy|sT Px, 1575 = 2v; Pxyv; 8,1

Py|sT = 2x Pxy|sT Py\s;1; = Lx; Px,v;|s,T;

causal structure implies causal structure implies
Px1s7 = Px|s Px,s,1; = Px;|s,
Pyisr = Py|r P57, = Pyyiz,

Py ~vi97,Px.1q.. Py 1.) Vi, j
(PXY\ST=PX|SaPy|T) ( XiY;|STy + XS5 YJ|TJ) J

compatible with M where Px.v,s,1; = Pxv|sT
Px.s. = Px|s
Pyjiz; = Pyir

compatible with M’
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Bell model M Inflated model M’

Ist(X 1Y) defined by Pxy|g7(:|st) I1(X; @ Y;) defined by PX@%ISz-Tj('|St)
Hg(X) defined by Pxs(:|s) Hy(X;) defined by Px s (:[s)
H(Y) defined by Py 7(:|t) Hy(Y;) defined by Py (-[t)

E.nt.r_opi_c o Entropic
causal compatibility inequality in M causal compatibility inequality in M’
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Bell model M Inflated model M’

Ist(X 1Y) defined by Pxy|g7(:|st) I1(X; @ Y;) defined by PX@%ISz-Tj('|St)
Hy(X) defined by PX|S(-\3) H(X;) defined by PXi|Si('|5)
H(Y') defined by Py 7(:|t) Hy(Y;) defined by Py (-[t)
Lo 28 E DS R oiRS SO UIG R SECT SRS S0 Ioo(Xo : Y0) + I01(Xo : Y1)+ I10(X1 1 Yp) — 111 (X1 1 Y1)
< Ho(X) + Ho(Y) < Ho(Xo) + Ho(Yp)
Causal compatibility inequality in M Causal compatibility inequality in M’
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Recall example of entropic inequality for the triangle scenario

(PAlolﬂ-PBlCl)PAlBl) é (PA]_Ol)PBlOl) PAlBl) SatiSfy
is a valid set of marginals (A : C1) 4+ I(Cy : By) — I(Ay : By) < H(C))

A
/ \Y (Pa.c. Ppice, Pas.)
2
Xq Y

is compatible with M’
f * :>A1J_Bl :>I(A181)=O

(Pa,cy, PB,cys Pa B, )

is compatible with M’ —> I(A: C1) +I(Ch: By) < H(Ch)

is a causal compatibility

I(Ay: C1) + I(Ch 2 By) < H(CY) inequality for M’
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Consider the joint distribution
PXoX1Y9Y15051ToT1

There are marginal constraints on:
PXoYolSoTo PXoY1|SoT1 EX1YolS1To £X1 Y1181 Ty
Pxo|S0r Px1181:FYo 10> Py |1y
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Inflated model M’

Focussing on the entropies
(Hoo(X0Y0), Ho1(XoY1), H10(X1Y0), H11(X1Y1))

and making use of conditional independences implied by the causal structure

yields the inequality

Ioo(Xo : Yo) + In1(Xo : Y1) + I10(X71 : Yp) — I11(X71 : Y1)
< Ho(Xp) + Ho(Yp)
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Bell model M Inflated model M’

Ist(X 1Y) defined by Pxy|g7(:|st) I1(X; @ Y;) defined by PX@%ISz-Tj('|St)
Hy(X) defined by PX|S(-\3) H(X;) defined by PXi|Si('|5)
H(Y') defined by Py 7(:|t) Hy(Y;) defined by Py (-[t)
{28 EvO)S R o RS BUOR R SIG R SLCT SRS S0 Ioo(Xo : Y0) + I01(Xo : Y1)+ I10(X1 : Yp) — 111 (X1 1 Y1)
< Ho(X) + Ho(Y) < Ho(Xo) + Ho(Yp)
Causal compatibility inequality in M Causal compatibility inequality in M’

Braunstein & Caves. Phys. Rev. Lett. 61, 662—665 (1988)
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Local correlations Pyys7(-|00) = 5[00] + 3[11]
Pyys7(:|01) = 5[00] + 5[11]
Pxys7(:[10) = 5(00] + 3[11]
Pxy|s7(:|11) = 3[00] 4 3[11]

These are consistent with marginals of a single dist’n
PX0X1Y0Y1|3081T0T1('|0101) = [OOOO] -'I- [1111]

so must satisfy all the CHSH inequalities

Ioo(X E Y) +101(X 5 Y)-l— IlO(X 5 Y) — Ill(X ; Y)
< Ho(X) + Ho(Y)

RHS=14+1+4+1-1=2 LHS=141=2

Entropic inequality is satisfied
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PR-box correlations Pyys7(-|00) = 5[00] + 3[11]
Pxys7(:|01) = £[00] + 5[11]
Pyys7(:|10) = 5[00] + 5[11]
Pyy|s7(-|11) = 3[01] + 3[10]

These marginals are incompatible with Bell model
(known to violate CHSH inequalities maximally)

Ioo(X E Y) +101(X 5 Y)-l— IlO(X 5 Y) — Ill(X ; Y)
< Ho(X) + Ho(Y)

RHS=14+1+4+1-1=2 LHS=141=2

Entropic inequality is still satisfied
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Local correlations Pyys7(-|00) = 5[00] + 3[11]
Pyys7(:|01) = 5[00] + 5[11]
Pxys7(:[10) = 5(00] + 3[11]
Pxy|s7(:|11) = 3[00] 4 3[11]

These are consistent with marginals of a single dist’n
PX0X1Y0Y1|3081T0T1('|0101) = [OOOO] + [1111]

so must satisfy all the CHSH inequalities

Ioo(X E Y) +101(X 5 Y)-l— IlO(X 5 Y) — Ill(X ; Y)
< Ho(X) + Ho(Y)

RHS=14+1+4+1-1=2 LHS=141=2

Entropic inequality is satisfied
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Mixture Pyys7(:|00) = 3[00] + 3[11]
Pxys7(:|01) = 2[00] + 3[11]
Pyy|s7(:110) = 5[00] + 5[11]
Pyys7(:111) = (5[0] + 5[1D)(5[0] + 3[1])

These marginals are incompatible

Ioo(X E Y) +101(X 5 Y)-l— IlO(X 5 Y) — Ill(X ; Y)
< Ho(X) + Ho(Y)

RHS=14+1+4+1-0=3 LHS=141=2

Entropic inequality is violated
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Mixture Pyys7(:|00) = 3[00] + 3[11]
Pxysr(:|01) = 2[00] + 3[11]
Pyy|s7(:110) = 5[00] + 5[11]
Pyys7(:111) = (5[0] + 5[1D)(5[0] + 3[1])

These marginals are incompatible

Ioo(X E Y) +101(X 5 Y)-l— IlO(X 5 Y) — Ill(X ; Y)
< Ho(X) + Ho(Y)

RHS=14+1+4+1-0=3 LHS=141=2

Entropic inequality is violated

Chaves & Fritz Phys. Rev. A 85, 032113 (2012)
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Approaches to Bell arguments that follow essentially
the logic of the inflation technique:

Fine’s proof of Bell inequalities
Hardy’s proof of Bell’s theorem
The Greenberger-Horne-Zeilinger proof of Bell’s theorem
Bell’s theorem by way of Kochen-Specker noncontextuality
Braunstein-Caves entropic inequalities
Symmetric extensions / shareability of local correlations
Etcetera

Page 38/62



Deriving inequality
constraints for the

instrumental scenario




Instrumental model

Pxyiz = 2A Py xaPxzn PN

IZI=1X]=]Y]|=2 Pxy|z(00|0) + Pxyz(01]1) <1

Pxyz(10|0) + Pxy|z(11]1) <1
Pxy|z(00|1) + Pxy|z(01]0) <1
Pxy|z(10[1) 4+ Pxyz(11]0) <1

Pirsa: 23030076
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These can be derived by brute-force quantifier elimination
on the distribution over the latent variable.

It suffices to note that the instrumental DAG is gearable

And the fact that there is only a single latent variable means
that the quantifier elimination problem is linear
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These can be derived by brute-force quantifier elimination
on the distribution over the latent variable.

It suffices to note that the instrumental DAG is gearable

And the fact that there is only a single latent variable means
that the quantifier elimination problem is linear
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Pxyiz = > £,90v19(x)0x|f(2)Prc(fg)
If X,Y,Z are binary, A can have cardinality 16

Pry|z = PXY|Z($y|Z) dfg -— PF,G(fa g)
r,Y,z c {O, ]-} fag = {id,fp,l‘o,l‘l}

P00[0 = Gro,ro T qro,id T Gid,ro T Gid,id
Po1|0 = Gro,r; T Gro,fp T Gid,r; T Gid,fp

16 linear equalities + inequalities
Do linear quantifier elimination on the 16 g's.
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Instrumental model M Interrupted version M’
D Pxiaz
) Py \ax
© @ P
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Instrumental model M

D Pxaz
& Pyinx
@ 1)
Pxy|z(z - |-)

= > PyixaClz)Px za(z] - ) PAC)
A

irsa: 23030076

Interrupted version M’

ny|zx#($ |- z)
=D _ Py x#aClz) Pxiza(] - ) PAC)
A
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Instrumental model M

D Pxiaz
) Py \nx
O ) P

Pxy|z(z - |-)

= > PyixaClz)Px za(z] - ) PAC)
A

Pxy|z
i1s compatible with M

Pirsa: 23030076

Interrupted version M’

ny|zx#($ - | - )
=D _ Py x#aClz) Pxiza(] - ) PAC)
A

some PXHZX# where
Pyy|zx#(x |- 2) = Pxy|z(z - |)

is compatible with M’
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Instrumental model M Interrupted version M’

Pxy|z

P #(xy|z;c) =PXY Z($y|z) anyaz
is compatible with M ] C |

is compatible with M’
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Instrumental model M Interrupted version M’

o
causal compatibility inequality on causal compatibility inequality on
{ny|Z($y|Z)}x,y,z {PXY|ZX#($y|Z$)}$:y=Z

in model M in model M’
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Pirsa: 23030076

To obtain

causal compatibility inequality on
{PXY|Zx#(ﬂ7y|Z$)}m,y,z
in model M’

Eliminate parameters

ny|ZX#(:By|z:E') where ¢ # z/
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Bell scenario

YJ_d S|T — PY|ST :PY|T

Pxys7(00]00) + Pxy|s7(10/00) = Py 7(0|0)
Pxy|s7(01|00) + Pxy |s7(11|00) = Py 7(1|0)
PXY|ST(00|1O) + PXY|ST(1O|10) = Py|T(0|0)
PXY|ST(01‘1O) = PXY|ST(11|10) = Py|T(1|0)

Pxy|s7(11|10) > 0

= Py|7(1|0) — Pxy|s7(01]10) > 0
Pxy|s7(10/00) > 0

= Py7(0|0) — Pxy|s7(00/00) > 0

—> Py|7(0[0) — Pxy|s7(00/00) + Py|7(1]0) — Pxy|s7(01]10) = 0
—> Pxy|s7(00/00) + Pxy|s7(01]10) <1

Pirsa: 23030076
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Instrumental model M Interrupted version M’

is a causal compatibility inequality in
model M’

is a causal compatibility inequality in

Pxy|z(00]0) + Pxy|z(01]1) <1 :: Pxyzx#(00[00) + Pxy |z x#(01]10) < 1
model M
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These can be derived by brute-force quantifier elimination
on the distribution over the latent variable.

It suffices to note that the instrumental DAG is gearable

And the fact that there is only a single latent variable means
that the quantifier elimination problem is linear

Pxy|z = 21,90y |9(x)0x|f(2)Pra(fg)
If 1Z]=3, [X|=|Y|=2, A can have cardinality [X|2[Y|Xi= 2322=32
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Bell scenario S € {0,1,2}

A facet inequality has the form:

y D o=y Pxv|s7(2y|00) + I Doy Pxvy s (2y|01)
i Yooy PxvisT(zyl10) + 3 3. Pxy|sr(zyl1l) —5Pxy|s7(11]20) < 3
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Bell scenario S € {0,1,2}

A facet inequality has the form:

y D o=y Pxv|s7(2y|00) + I D o=y Pxvy|sT(2y|01)
i Yooy PxvisT(zyl10) + 3 3. Pxy|sr(zyl1l) —5Pxy|s7(11]20) < 3

fl> Pxys7(00|00) + Pxy s7(11]01)
+Pxy|s7(01]20) < 1
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Significance:
Quantum violations of CHSH inequalities in the Bell
scenario imply quantum violations of the Bonet inequality in
the instrumental scenario
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Bell scenario S € {0, 1,2}

Bell scenario S € {0,1}

}’(Y|ST = Pxy|ist S e€{0,1} Pxy st
=dxoPyir S= compatible

compatible
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Verma model M Interrupted version M’

@ PD|MC PD|,L1,C#
Pcis C* =c
0 PB|AH PC’|B
e Pa PB|A,U,
Q 0 PM PA
Pﬂ

U
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Verma model M

@ PD|;u,C
0 PB|Ap,

Qee b,

Papcep = (Z PD,u,C'PB|Ap,Pu) Po1Pa

7
= @Bp|AC

Pascp
PcipPa

@BD|AC =

Pasep
is compatible with M
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Interrupted version M’

Ppluc#

Pois

Ppplac# = ZPDWC’#PBMMPM

U

Pascp

P @ =
BD|AC PoisPa

is compatible with M’
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Verma model M Interrupted version M’

(D)

(C
(B
0 &

Onpiac = LABCD.
| PcipPa
Z QBp|ac(bd|ac) = Z QRpp|ac(bdlac’) Ve, Z Pgp|ac# (bd|ac) = Z Pgpjac# (bd|ac’) Ve, ¢
d d d d
Z Qep|ac(bd|ac) = Z Qrpiac(bdlac’) Ve, d Z Ppp|ac#(bd|ac) = Z Pgpjac# (bdlac’) Ve, ¢!
b b b b
in model M in model M’

Verma constraint
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Verma model M Interrupted version M’

(D)
G

(B
@

(&

PaBcp
PcipPa edac) Pgp|ac# (bd|ac)
satisfies Bell inequalities satisfies Bell inequalities

in model M in model M’
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Combining interruption and inflation

Verma model M Interrupted and inflated version M’

(D)
G

(B)
(&

Pascp
——————(bdac
PQBPA(
satisfies Bell inequalities
in model M

equality constraints

in model M’
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Combining interruption and inflation

Verma model M Interrupted and inflated version M’

(D)
(S

(B
(&

Pagcp
——————(bdac
PQBPA(
satisfies Bell inequalities
in model M

equality constraints

in model M’
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