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The in-surface crystallography of the family of three-periodic minimal surfaces (TPMS) consisting of the Primitive, Diamond, and
Gyroid surfaces has been explored in detail in recent decades [1, 2]. We begin by reviewing the underlying group theory and geometry
as well as the relationship between the TPMS and their universal covering space, hyperbolic two-space, the fundamentals of which are
shown in Figure 1(a).

We describe how these methods can be used to tailor the topology and geometry of three-periodic nets realised as embeddings
commensurate with the symmetries of these surfaces [3-5] as shown in Figure 1(b). Using these ideas, we demonstrate how a number
of nets with pre-specified topological properties are readily produced in this manner and assess their relevance for further study in the
context of reticular chemistry and soft matter materials science.

Finally, we present preliminary results on visualisation methods for understanding how these patterns and nets are realised in
simulations of liquid crystals in bulk [6] and confined polymer systems. Using an array of methods from computational geometry, we
visualise these simulations in hyperbolic two-space to facilitate easy comparisons and further analysis as shown in Figure 1(c).

(b) ()

Figure 1. In (a), three renderings of the Primitive, Diamond, and Gyroid three-periodic minimal surfaces in their conventional unit cell. Also shown
is a hyperbolic dodecagon (visualized using the Poincaré disk model of hyperbolic two-space) corresponding to the primitive unit cell of these
surfaces. In (b), a ten-connected net with symmetries commensurate with the surfaces in (a) is “lifted” to a three-periodic net in euclidean three-space
by embedding the net on a TPMS. In (c), a structure emerging in a simulation of a bulk polymer system yielding a Gyroid-like film for the minority
polymer components and a representation of this pattern in hyperbolic two-space by way of numerical (quasi-)conformal mapping.
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