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Generalized Contextuality
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What we want in a notion of
nonclassicality
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Traditional notion of noncontextuality

A given vector may appear in many different measurements
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The traditional notion of noncontextuality:
Every vector is associated with the same x ()
regardless of how it is measured (i.e. the context)
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Problems with the traditional definition of noncontextuality:
- applies only to projective measurements
- applies only to outcome-deterministic hidden variable models

- applies only to models of quantum theory

Page 5/85

Pirsa: 18020073



Problems with the traditional definition of noncontextuality;

- applies only to projective measurements

- applies only to oufcome-deterministic hiddep variable models
- applies only to models of quantum theory
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Problems with the traditional definition of noncontextuality:

- applies only to projective measurements

- applies only to outcome-deterministic hidden variable models
- applies only to models of quantum theory

An operational notion of noncontextuality would determine

- whether any given operational theory admits of a
noncontextual model

- whether any given experimental data can be explained by a
noncontextual model
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Operational theory

p(X|M, P)
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Operational theory
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Ontological model of an operational theory

causally mediates

A € A\ Ontic state space between P and M
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Operational theory
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Ontological model of an operational theory

causally mediates

A € A\ Ontic state space between P and M

P < u(A|P) M & £(XM, A)
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p(X|M, P) = 5\ §(X|M, A) p(A|P)
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An ontological model of an operational theory is noncontextual
if

Equivalent
representations

in the ontological
mode]

Operational equivalence of
two experimental —_—
procedures

RWS, Phys. Rev. A 71, 052108 (2005)
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Operational equivalence
classes of preparations

P~P

VM : p(X|P, M) = p(X|P/, M)
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Difference of
Equivalence class
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Example from quantum theory

Different density op’s
P P
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Example from quantum theory

1 1 1
5’ =3 |0) (O] + > 11) (1]
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Preparation noncontextual
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Preparation contextual
model
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Measurement
Noncontextuality




Operational equivalence
classes of measurements

M~ M’

VP p(X|P,M) = p(X|P,M")
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Example from quantum theory
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I = [ap1) (91| I — 1) (1]
= [¥2) (W2l + [¥3) (W3] = |h) (| + |vh) (W5

Example from quantum theory
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A

Measurement contextual model

* A
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Measurement
noncontextual model
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I = |9Y1) (1] I — 1) (1|
= [¥2) (W2l + [¥3) (Y3l = |h) (b + |vh) (5]

Example from quantum theory
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Example from quantum theory
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I = |¢1) (1] I — |1) (¥
L= [v2) (ol + W) (Wal = |ub) (wh] + [¥5) (v

Example from quantum theory
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Preparation
noncontextuality

P~ P/

> p(AIP) = u(A[P’)
YM : p(X|P,M) = p(X|P',M)

, Measurement
M~ M noncontextuality

~ —_ /
VP : p(X|P, M) = p(X|P, M) > (XA M) = (XA M)

The best explanation of context-independence at the operational level
IS context-independence at the ontological level
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Transformation noncontextuality is defined similarly

The only natural assumption is universal noncontextuality, i.e.

noncontextuality for preparations, transformations and
measurements
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Deriving noncontextuality

Inequalities
using only preparation noncontextuality
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Sources u(\, 5|S)

Y (A sS) =1

S AeEN
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(A, s[S)

Z Z (A s|S) =1

S AeN
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Sources

(A, s[S)

Yo (A sS) =1

S XEN
S
e )= ul(A slS)
P3 »
Preparation
noncontextuality ” /
pgve ~ paye Y u(AS) = u(AS)
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(A, s[S)

Z Z (A s|S) =1

S AeN
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By preparation noncontextuality
Vi, i nge ~ Pg\:e = Vi, p(\S;) = p(\Sy) = v(N)
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By preparation noncontextuality
Vi, i Pg:e ~ PVt = Vi, i u(NS) = p(ANSy) = v(N)
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X Bell's theorem again
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Satisfies the
Bell inequalities
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By preparation noncontextuality
Vi, i 1 P§Y¢ ~ P§° = Vi, i’ p(AS;) = u(NSy) = v(N)
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X Bell's theorem again
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P(X,Y|S,T)
=Y\ P(X|S,N)PY|T,\N)P()N)

Satisfies the
Bell inequalities
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By preparation noncontextuality
Vi, i P%Ve ~ pPgVe = Vi, ' u(NS;) = p(ANS) = v(N)

o . il

S 'Z: 7n,j
X )\ A
& ©

S;)

pr(m;, s;|M;, S;) = Z E(mj| M, X) (s, A
AEN

= Y &(m;| M, M) (s A, Si) (A

AEN

= > &(mj| M, Np(si| A, Sp)v(N)
AEN

S;)

satisfies the Bell inequalities!
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p(success) = %[ p(agree|00) + p(agree|01)
+p(agree|10) + p(disagree|11)]

p(success) < 0.75

Noncontextuality inequality
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Quantum violation
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A
©

The intervening transformation plays the role of the entangled
bipartite state
A unitary channel corresponds to maximal entanglement
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ﬂi;izjf///’_—- T
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No signalling impli {}ﬁg Il%g
O signalling implies B =~ j
gnalling imp 5 5
S=0 S=1

Local causality implies p(AS = 0) = p(A[S =1)
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S a— —
No signalling implies -9 | (A
| ing i | ~
g g imp ®) ®
S=0 S=1

Local causality implies p(AS = 0) = p(A[S =1)

Here, local causality € = preparation noncontextuality = contradiction
Universal noncontextuality subsumes the notion of local causality
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Relation of measurement
noncontextuality to traditional
noncontextuality
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