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I.

EXTENDED ABSTRACT

Bell inequalities[1] form an important part of our understanding of quantum physics, bounding the region between
probability distributions with a local hidden variable scheme, and those that are fundamentally quantum in nature.
Despite being so useful for our purposes, our knowledge of Bell inequalities is quite limited; this is mainly due to the
speed at which the number of extremal inequalities grows as the dimension increases.
We begin with an overview of two main approaches to obtaining Bell inequalities; the first finding the faces of
the local polytope, the set of probabilities describable with a local hidden variable, which are defined by these
inequalities. This method is known as facet enumeration[2, 3], and provides a deterministic method of obtaining all
Bell inequalities. The second is using a linear programming algorithm[4, 5] to minimize the inner product with a
known non-local probability distribution, whilst constraining the value at the extremal local distributions above a
certain value. This method is probabilistic, but practically may be more feasible in certain scenarios.
We then introduce a result of Jones and Masanes[6], who give a complete description of the no-signalling
distributions in the scenario where two non-communicating parties are limited to binary outcomes. Specifically, they
present the extremal distributions of the no-signalling polytope, from which all no-signalling distributions may be
formed.
Our result is to explain how, by applying this knowledge, it is possible to simplify the task of enumerating the
facets - taking advantage of the dual description, where Bell inequalities are instead represented as points, we use the
no-signalling distributions to define a series of smaller, easier to solve problems which overall give us the full solution.
It is also shown how the linear programming approach may also benefit from this knowledge. We also discuss some
practical details of the implementation.
To illustrate our approach, we provide a full list of extremal Bell inequalities for the scenario with two parties,
each of whom have four input choices and binary outcomes. The number of these was already known from [2]. Also
included is an overview of the algorithm we used for this task, and partial results for scenarios with higher dimension.
Finally, a discussion on the problems still faced by this approach and for the overall effort, and suggestions on
how these problems may be tackled. For example, even when we do not have the luxury of knowledge of the
extremal no-signalling points,we may still use a probabilistic approach utilizing entangled quantum states to obtain
new inequalities.
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