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Graph-Approach
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CSW Graph Approac

Exclusivity Graph of a Scenario
CHSH
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Exclusivity Graph of an Inequality
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CHSH Inequality Graph
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S(Geysy) = p0,010,1) + p(1,1[1,2) + p(0,12,3) + p(0,0]3,0)+
+p(1,1]0,1) + p(0,0|1,2) + p(1,0]2,3) + p(1,1]3,0) <3

Independence Number
Non-contextual Bound
Classical Reasoning
Classical Probability Theory



CHSH Inequality Graph

S(Geysy) = P(vy) + p(vy) + p(vy) + p(v3)+
+p(vy) + p(vs) + p(vg) + p(v7)

<3

Independence Number
Non-contextual Bound
Classical Reasoning
Classical Probability Theory



CHSH Inequality Graph

Orthogonal Representation
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S(Geysy) = p(vo) + p(vy) + p(vy) + p(va)+
+p(vy) + p(vs) + p(Ve) + p(v) < X Grygy) =2 +4/2

Lovasz theta Number
Quantum Bound (for the graph)
Quantum Reasoning

Born’s Rule

Lovéasz, IEEE Trans Inf. Theory 25, 1 Cabello, Severini, Winter, Phys. Rev. Lett. 112, 040401



CHSH Inequality Graph

Orthogonal Projective Representation "
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S(Geysy) = p(vo) + p(vy) + p(vy) + p(va)+
+p(vy) + p(vs) + p(Ve) + p(v) < X Grygy) =2 +4/2

Lovasz theta Number
Quantum Bound (for the graph)
Quantum Reasoning

Born’s Rule
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CHSH Inequality Graph

Where are Alice and Bob?
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The Compatibility Graph
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It allows for them!




CHSH Inequality Graph

Another Bell labelling
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How can we demand
their presence!
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CHSH Coloured Graph
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CHSH inequality is essentially encoded on the coloured graph!

Rabelo, Duarte, Lépez-Tarrida, Terra Cunha, Cabello, J. Phys. A: Math. Theor. 47, 424021



CHSH Coloured Graph
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2-Coloured Lovasz Number
G=GsUGpR

0(G)= sup Y p(v)
OPRY e v(G)
Thanks to Tensor Product...

Not a Semi Definite Program (SDP)

A Hierarchy of SDPs, like in NPA

Orthogonal Projective Representation

v IH @ IIP Handle ¥
vy i = T = 0 p(v) = ||H€®H€ll/”2

Navascués, Pironi, Acin, Phys. Rev. Lett. 98, 010401; New J. Phys. 10, 073013 Rabelo, Duarte, Lépez-Tarrida, Terra Cunha, Cabello, J. Phys. A: Math. Theor. 47, 424021



. Pentagonal Bell
Inequalities ...
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Pentagonal Bell
Inequalities .....
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Refreshing

 CSW only sees exclusivities

e Coloured graphs characterise which
part sees each exclusivity

* More restrictions, lower upper bounds



For Pentagons
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For CHSH
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Beyond Numbers
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Quantum Sets



In the case of CHSH

CHSH NC-Inequality CHSH Bell-Inequality

THETA(G) = { (p().v € V(G) | D THETA(%) = {(p).ve V(%) }

Can they be equal??






More than one inequality...

Weighted graphs: (G,w) or (%, o)

®w:v—w,>0

Each weight vector, a new inequality w:p= Z w,p, < a(G,w)
veV(G)

Each weight vector, a different directionin THETA (G) or c¢THETA (?)



A Family of Graphs

With the same Shadow
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Clearly not equal
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More than th
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Wrap up

® We show that the Quantum Set of the
Shadow of CHSH is strictly larger than the
Quantum Set of original CHSH

® There are many coloured graphs in between
CHSH and its shadow

® Are there as many different quantum sets!?

® Or quantum sets of different coloured graphs
can coincide?



Open Questions

® |s there a graph characterisation of
(possibly) removable edges?

® |s it true that @s333C Quypi1y !
® Why??

® To complete the “quasi-empirical”™ version
of here shown results

*in Svozil terms, earlier



Thank you, organisers
and participants!



