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Thesis Description: Graphs embedded on surfaces are among the most important objects in several
application domains (e.g. Computer Graphics), as they correspond to the combinatorics underlying 3D
meshes. This internship focuses on the problem of efficiently processing and visualizing toroidal meshes:
in particular we aim to study toroidal Schnyder woods (which are a special decomposition of the mesh
edges into three vertex spanning trees) and to apply them in order to draw genus 1 graphs.
Drawing toroidal graphs (in the flat torus): related works. We consider the problem of devising a
linear-time algorithm that computes a crossing-free layout of a graph with small integer coordinates (see
pictures below): for the toroidal case a natural requirement is to ask the planar layout to be xy-periodic
(in the flat torus). The existing solutions are either quite involved [3], and thus of mainly theoretical
interest, or are restricted to a specific class of graphs (toroidal triangulations).
Goal of the internship: algorithms for drawing 3-connected toroidal graphs. In this internship
we consider the more general case of toroidal 3-connected graphs (whose combinatorics correspond to
general polygonal meshes). The main goal is to generalize the computation of crossing Schnyder woods [1]
to the case of graphs which are not necessarily triangulated and to adapt the region-counting method
devised for drawing toroidal triangulations [2]. We aim to draw general 3-connected toroidal graphs on a
grid with small vertex coordinates: our hope is to improve the known bound on the grid size (currently
O(n

3
2 × n)) and to achieve for the first time the optimal bound O(n× n) for a graph of size n.
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Schnyder drawing on a gridplanar triangulation G

with 9 vertices of size 13× 13
Toroidal drawing on a grid

of size 28× 46

3D triangle mesh of genus 1

with 16 vertices
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