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• A subset in this vector space that characterize states

• The state space defines a (closed convex pointed) cone in 

the vector space

• A subset of the dual cone characterizes the effectsDual cone
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Quantum theory as 

a GPT: this is not 

the inner product!
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GPT system

Normalized states

Normalized effects
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The Thinker,  Auguste Rodin, 1904
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Prediction of 
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Function
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• Remark 1V: 

These effects are not going to be unique in general

Unit effect acting on a state
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GPT system can have two-state overlaps if

In such a case, a two-state overlap is a map 

such that for any pair of states there exists a pair of effects for which

From the definition, two-state 

overlaps are bilinear in the state 

space.
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Consider any theory where both states and effects can be 

embedded in the same real inner-product vector space, such that 

there is a duality between the action of linear functionals and the 

inner-product

Pre-dual theories

Otherwise this state would define an effect 

(real inner-products are symmetric)

There is at least one state such that
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They construct a subtheory of quantum theory where the state 

space contain all quantum states and all entanglement witnesses of 

trace one.  This implies that
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Non-restricted strongly-self dual

In these theories the cone of states and the cone of effects can be 

embedded in a finite-dimensional real inner-product vector space

The (self-dualizing) inner-product works as a two-state overlap



THEORIES THAT 
CAN HAVE 
OVERLAPS

1) Well defined for all pairs of states, II) empirically accessible and 

inducing a bilinear III) symmetric form (which is taken to be the 

overlap)

PRA 87, 052131 (2013)
Strong 

selfduality
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Bounds on classical overlaps

Classical probabilistic theory

Two-state overlaps between normalized states of classical 

probabilistic theories cannot violate the incoherence inequalities
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An ontological model is a map 

(functor) representing every element 

of the GPT as a substochastic matrix

Probability distribution

Response function
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Empirical adequacy of the ontological model

Probability distribution

Response function

Substochastic matrix
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Caps and cups + diagram preservation
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Well defined in

Substoch



THEOREM

Cannot violate the two-state 

overlap inequalities by 

construction



APPLICATION
Any violation of a two-state overlap inequality is a witness of 

generalized contextuality for quantum theory  (in its GPT 

version)
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