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Quantum computation is a new computational paradigm, very different from our traditional understanding of what an algorithm is. It requires quantum resources that are not conventional, such as entanglement
and contextuality [HWVE14, JL03]. Understanding the contribution of these resources can provide important information on existing quantum algorithms, and facilitate the design of new quantum algorithms.
A contextual finite geometry is a finite geometry related to quantum contextuality [PGHS15]. We
present several methods to build finite geometries, their implementation and their execution using intensive computing. The goal is to obtain a method of construction of many contextual finite geometries. The
implementations are done in Magma [BCP97] and the calculations are performed on the Franche-Comte
mesocenter. A first method constructs finite geometries from Pauli groups of any size and their tensor
products [PS07]. A second method exploits a correspondence between Grothendieck’s dessins d’enfants
(child’s drawings) and so-called quantum finite geometries [PGHS15]. A third method builds finite geometries from primitive groups of permutations [CdB19]. Particular attention has been given to ensuring that
implementations are as reliable and reusable as possible.

References
[BCP97]

Wieb Bosma, John Cannon, and Catherine Playoust. The Magma Algebra System I: The User
Language. Journal of Symbolic Computation, 24(3):235–265, September 1997.

[CdB19]

Jessy Colonval and Henri de Boutray. Formalisation et validation d’une méthode de construction de systèmes de blocs. In Approches Formelles dans l’Assistance au Développement de
Logiciels, Toulouse, June 2019.

[HWVE14] Mark Howard, Joel J. Wallman, Victor Veitch, and Joseph Emerson. Contextuality supplies the
magic for quantum computation. Nature, 510(7505):351–355, June 2014. arXiv: 1401.4174.
[JL03]

Richard Jozsa and Noah Linden. On the role of entanglement in quantum computational
speed-up. Proceedings of the Royal Society of London. Series A: Mathematical, Physical and
Engineering Sciences, 459(2036):2011–2032, August 2003. arXiv: quant-ph/0201143.

[PGHS15] Michel Planat, Alain Giorgetti, Frédéric Holweck, and Metod Saniga. Quantum contextual
finite geometries from dessins d’enfants. International Journal of Geometric Methods in Modern Physics, 12(07):1550067, March 2015.
[PS07]

Michel Planat and Metod Saniga. On the Pauli graphs of N-qudits. arXiv:quant-ph/0701211,
January 2007. arXiv: quant-ph/0701211.

