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Combinatorics of Venn diagrams

An n-Venn diagram is a diagram in the plane consisting of n simple closed curves, such that every possible
intersection pattern between the curves is represented by exactly one region in the plane. The most familiar
diagram is the one usually drawn in school for n = 3 curves, but interestingly these diagrams exist also for
all larger values of n; see Figure[I] A diagram is called simple, if no three curves intersect in any point.
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(a) n=3
Figure 1. Venn diagrams with (a) 3 curves, (b) 4 curves, and (c) five curves.

The goal of this thesis is to pursue questions such as: Can we count the number of distinct (simple and
non-simple) Venn diagrams for n = 5,6, 7 curves, possibly with computer help (for n = 4 there are exactly
the two distinct diagrams shown in part (b) of the figure)? Can we derive general lower and upper bounds
for the number of distinct diagrams as a function of n? Given a simple n-Venn diagram, is it possible to
add another curve to turn the diagram into a simple (n + 1)-Venn diagram? Are there simple rotationally
symmetric n-Venn diagrams for any n (such as the ones shown in part (a) and (c) of the figure for n = 3
and n = 5, respectively)?

Depending on the taste and background of the student, this thesis can have a theoretical and/or experi-
mental /computational focus. In the first case, the goal would be to derive mathematical results and proofs,
and in the second case, the goal would be to conduct computer experiments to try out different brute-force
approaches/heuristics. Some experience and knowledge in discrete mathematics, combinatorics, optimization
and/or algorithms is desirable.

Contact: Torsten Mitze, tmuetze@mathematik.uni-kassel.de

References

[Rus97] F. Ruskey. A survey of Venn diagrams. Electron. J. Combin., 4(1):Dynamic Survey 5, 10 HTML
documents, 1997. https://www.combinatorics.org/files/Surveys/ds5/VennEJC.html

[RSWO06] F. Ruskey, C. D. Savage, and S. Wagon. The search for simple symmetric Venn diagrams. Notices
Amer. Math. Soc., 53(11):1304-1312, 2006.

[MR14] K. Mamakani and F. Ruskey. New roses: simple symmetric Venn diagrams with 11 and 13 curves.
Discrete Comput. Geom., 52(1):71-87, 2014.

[Win84] P. Winkler. Venn diagrams: some observations and an open problem. In Proceedings of the fifteenth
Southeastern conference on combinatorics, graph theory and computing (Baton Rouge, La., 1984),
volume 45, pages 267-274, 1984.


https://www.combinatorics.org/files/Surveys/ds5/VennEJC.html

