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1 Introduction

We consider a visualization style for hypergraphs that is inspired by schematic metro maps.
Such maps are common for urban citizens, who all know that the stations traversed by the
same colored curve belong to the same metro line. This intuitive understanding of grouping
have been employed to visualize other abstract data forming hypergraphs. For example,
Foo [3] turns personal memories into a metro map, Nesbitt [4] and Stott et al. [10] use the
metro map metaphor to visualize relationships between PhD theses and items of a business
plan, Sandvad et al. [7] for building Web-based guided tour systems, and Seskovec [8] uses it
for visualizing historical events. One of the most popular applications is the visualization of
the movies and movie genres by the creators of the website Vodkaster.

We formalize the problem of constructing such a visualization for given hypergraph as
follows. Let H = (V, E) be a hypergraph with vertex set V and edge set E ⊆ 2V . A metro-map
drawing of H is a graphical representation where each node in V is depicted by a point in the
plane and each hyperedge e ∈ E by an open continuous curve that passes through the points
corresponding to the vertices in e. In case two hyperedges contain the same vertex, their
curves both pass through the point representing this vertex and may either touch or cross at
this point. We call the latter situation a vertex crossing, and we call a crossing of hyperedge
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Figure 1 A metro-map drawing is a visualization of a hypergraph where the metro lines represent
hyperedges and the stations represent hypervertices. (a) A metro-map drawing of a vertex-complete
hypergraph with three hyperedges (violet, red, yellow), (b) a mirrored copy of (a), and (c) a metro-
map drawing of a vertex-complete hypergraph with four hyperedges. The drawing is constructed
recursively by routing the new (blue) hyperedge through a vertex that is only contained the new
hyperedge and then through the concatenation of (a) and (b). The new hyperedge does not contain
any vertex of (a), and it does contain every vertex of (b).

curves that is not a vertex crossing an edge crossing. A metro-map drawing of a hypergraph
is called monotone if all hyperedge curves are monotone with respect to the x-axis.

2 Some Simple Observations

Since both vertex and edge crossing may impair the readability of the metro-map drawing
of a hypergraph, we want to characterize the hypergraphs that can be represented without,
or with a few, vertex and edge crossings. We observe that each hypergraph with at most
four hyperedges can be represented without vertex and edge crossings. We call a hypergraph
H = (V, E) k-vertex-complete for some k ≤ |E| if any subset E ⊂ E of at most k hyperedges
has a distinct vertex in common, that is, there is an injective function f : E → V such that
f(E) ∈

⋂
e∈E e 6= ∅. We call |E|-vertex-complete hypergraphs simply vertex-complete. We

observe that a 2-vertex-complete hypergraph with five hyperedges does not have a metro-map
drawing without vertex and edge crossings. This follows simply from the fact that K5 is
not planar. Next, we consider drawings with vertex crossings but without edge crossings.
We can show that every vertex-complete hypergraph admits a metro-map drawing without
edge crossing. The idea behind the proof is to exploit the vertices to realize the intersections
among the hyperedge curves. For an example, see Figure 1.

3 A Heuristic

For practical applications, we propose a heuristic that constructs a metro-map drawing of a
given hypergraph. The heuristic consists of four steps.

In the first step, we simplify the hypergraph, by ignoring all vertices that belong to a
single hyperedge, and contracting all vertices that belong to the same set of hyperedges.

In the second step, we construct a so-called support graph. A support of a hypergraph
H = (V, E) is a graph G = (V, E) with the property that, for each hyperedge e of H, the
graph G[e] induced by e is connected. A support is path-based if G[e] is Hamiltonian. It is
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Figure 2 A preliminary drawing of the support graph of a dataset

NP-complete to compute a path-based support with the minimum number of edges [2]. We
propose a heuristic algorithm for finding a path-based support for a given hypergraph.

In the third step, we lay out the support graph in the plane. In doing so, we try to
ensure that all vertices belonging to the same hyperedges lie close by and that the paths
representing the hyperedges have simple shapes. A preliminary drawing at this step is shown
in Figure 2.

Finally in the fourth step, we feed the above drawing into a mixed-integer program (or
some other existing algorithm) that generates a metro map layout [5].

The above steps can be implemented in many possible ways. The performance of our
approach needs to be compared with existing similar approaches [1, 6, 9] experimentally.

References

1 Basak Alper, Nathalie Henry Riche, Gonzalo Ramos, and Mary Czerwinski. Design
study of LineSets, a novel set visualization technique. IEEE Trans. Vis. Comput. Graph.,
17(12):2259–2267, 2011. doi:10.1109/TVCG.2011.186.

2 Ulrik Brandes, Sabine Cornelsen, Barbara Pampel, and Arnaud Sallaberry. Path-based
supports for hypergraphs. J. Discrete Algorithms, 14:248–261, 2012. doi:10.1016/j.jda.
2011.12.009.

3 Brian Foo. The memory underground. http://memoryunderground.com.
4 Keith V. Nesbitt. Getting to more abstract places using the metro map metaphor. In Proc.

8th Int. Conf. Inform. Vis. (IV’04), pages 488–493. IEEE, 2004. doi:10.1109/IV.2004.
1320189.

5 Martin Nöllenburg and Alexander Wolff. Drawing and labeling high-quality metro maps
by mixed-integer programming. IEEE Trans. Vis. Comput. Graph., 17(5):626–641, 2011.
doi:10.1109/TVCG.2010.81.

6 Francesco Paduano and Angus Graeme Forbes. Extended LineSets: a visualization
technique for the interactive inspection of biological pathways. BMC Proceedings,
9(Suppl. 6)(S4):13 pages, 2015. doi:10.1186/1753-6561-9-S6-S4.

7 Elmer Sandvad, Kaj Grønbæk, Lennert Sloth, and Jørgen Lindskov Knudsen. A metro map
metaphor for guided tours on the Web: the Webvise guided tour system. In Vincent Y.
Shen, Nobuo Saito, Michael R. Lyu, and Mary Ellen Zurko, editors, Proc. 10th Int. World
Wide Web Conf. (WWW’01), pages 326–333. ACM, 2001. doi:10.1145/371920.372079.

8 Jure Seskovec. SNAP metromaps. http://metromaps.stanford.edu.

CVIT 2016

http://dx.doi.org/10.1109/TVCG.2011.186
http://dx.doi.org/10.1016/j.jda.2011.12.009
http://dx.doi.org/10.1016/j.jda.2011.12.009
http://memoryunderground.com
http://dx.doi.org/10.1109/IV.2004.1320189
http://dx.doi.org/10.1109/IV.2004.1320189
http://dx.doi.org/10.1109/TVCG.2010.81
http://dx.doi.org/10.1186/1753-6561-9-S6-S4
http://dx.doi.org/10.1145/371920.372079
http://metromaps.stanford.edu


23:4 Set Visualization Using the Metro Map Metaphor

9 Dafna Shahaf, Carlos Guestrin, and Eric Horvitz. Trains of thought: Generating informa-
tion maps. In Proc. 21st Int. Conf. World Wide Web (WWW’12), pages 899–908. ACM,
2012. doi:10.1145/2187836.2187957.

10 Jonathan M. Stott, Peter Rodgers, Remo Aslak Burkhard, Michael Meier, and Matthias
Thomas Jelle Smis. Automatic layout of project plans using a metro map metaphor. In Proc.
9th Int. Conf. Inform. Vis. (IV’05), pages 203–206. IEEE, 2005. doi:10.1109/IV.2005.26.

http://dx.doi.org/10.1145/2187836.2187957
http://dx.doi.org/10.1109/IV.2005.26

	Introduction
	Some Simple Observations
	A Heuristic

