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Interpretation of quantum mechanics
• The Copenhagen interpretation

• Many worlds interpretation

• De Broglie–Bohm interpretation

• Decoherent histories interpretation

• Quantum Darwinism

• Quantum Bayesianism
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Interpretation of quantum mechanics

• Search for suit physical principles

• Measurement problems

• Interprete the statistics, Born's rule, Lüder's rule

• Interprete the reality of state

• Emerge classical world from quantum mechanics
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Generalized probability theory

• From an experimental point of view, to implement an experiment E, we can 
prepare a large number of indentical states ρ,  and we choose to measure a 
set of measurements                            , by repeating the experiments many 
times, all we can get are some distributions for compatible measurements 

Zhih-Ahn Jia et al., PhysRevA.94.012111
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Generalized probability theory
• bounding the set of quantum correlations in terms of simple physical 

principles
• different principle corresponds to different polytope
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Generalized probability theory
• finite geometry
• convex geometry
• NP problem
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Generalized probability theory
• No-signaling principle(no-disturbance principle)
• Information causuality
• Communication complexity
• Negativity
• Measurement sharpness
• Exclusivity
• et cetera
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Exclusivity principle
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event  1 with probability p(1)

event  2 with probability p(2)

event  3 with probability p(3)

exclusive

exclusive

exclusive
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Exclusive relations



Exclusivity principle
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Exclusivity principle(EP): the sum of probabilities of pairwise exclusive 
events cannot exceed 1.

• strong EP
• weak EP

sharp measurement:
(i) Every measurement is sharp;
(ii) Tensor product of sharp measurements is sharp;
(iii) Coase-graining of sharp measurements are still 
sharp.



Exclusivity principle
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Exclusivity principle(EP): the sum of probabilities of pairwise exclusive 
events cannot exceed 1.

• strong EP
• weak EP

there may exist some exclusive pair of events between two 
very far laboratories!

EarthMars



Exclusivity principle
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Bell experiment•

A. Cabello, S. Severini, and A. Winter, prl  
112,040401, A. Cabello, prl 110,060402,  
B. Yan, prl 110,260406



Exclusivity principle
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Bell experiment•

graph 
parameter

A. Cabello, S. Severini, and A. Winter, prl  
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Exclusivity principle
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• KCBS experiment

A. Cabello, S. Severini, and A. Winter, prl  
112,040401, A. Cabello, prl 110,060402,  
B. Yan, prl 110,260406



Exclusivity principle
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• KCBS experiment

graph 
parameter
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Exclusivity principle
• some test parameters
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Exclusivity principle
• A unified n-cycle form

Phys. Rev. A 88, 022118 (2013)
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Exclusivity principle
• A experiment 
• Correlation or behavior
• Test parameter 
• Graph 
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A. Cabello, S. Severini, and A. Winter, prl  
112,040401, A. Cabello, prl 110,060402,  
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Exclusivity principle
• Dictionary between physical terms and graph terms
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Exclusivity principle
• Effective test parameter and 
effective exclusive graph
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the graph of the exclusivity set has a distinct 
independence number, Lovász number and
fractional packing number, and each graph theoretical term 
coincides with the physical bound of corresponding testing 
parameter, this is equivalent to say that the exclusivity 
graph is a pefect graph,i.e., contains, as induced subgraphs, 
odd cycles on five or more vertices and/or their 
complements
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Monogamy relations of some physical proper P
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A physical proper P can not be shared  by 
many parties, we call P  monogamous 
among these N parties
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A physical proper P can not be shared  by 
many parties, we call P  monogamous 
among these N parties



Monogamy of maximal entanglement
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(Coffman-Kundu-Wootters (CKW) 
monogamy inequality) If Alice and Bob is 
fully entangled then Carrie and Bob must 
be non-correlated:[V. Coffman, J. Kundu, 
and W. K. Wootters,PhysRevA.61.052306]



Monogamy relations of nonlocality
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Zhih-Ahn Jia et.al. PhysRevA.94.012111



Monogamy of Popescu-Rohrlich(PR)-box
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Monogamy relations of contextuality
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Applications of monogamy relations
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Zhih-Ahn Jia et al., preprint
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EP determines the monogamy relations
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EP determines the monogamy relations
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·Example：Monogamy of two KCBS experiments
assume that the triple 1,1',2' are exclusive, viz., 
they can not get 0 outcomes simultaneously, as is 
also the triple 4,5,5'.
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·Example：Monogamy of three Bell experiments
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·Example：Monogamy of three Swetlichny experiments
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EP determines the monogamy relations
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