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Abstract

Chord diagrams are a popular method of visualizing relationships between data points.
A chord diagram consists of nodes represented by circular arcs, that partition a circle,
and chords represented by curves that connect the nodes, visualizing their relation to
each other. In a chord diagram with chords drawn as straight-line segments, two chords
cross exactly once if their endpoints alternate on the circle circumference. In practice
however, in most chords diagrams, chords are drawn with Bézier curves or similar smooth
curves, since they are more aesthetically pleasing. This leads to the problem we aim to
tackle in this work. Unlike straight lines, Bézier curves can theoretically cross more than
once and thus contribute unnecessary intersections to the diagram.

In this work, we prove that the edges of a chord diagram can be drawn without un-
necessary intersections as circular arcs, and we show how to place the control points of
quadratic Bézier curves such that they appear to have the same property. Addition-
ally, we experimentally show the advantage of the above mentioned drawing styles over
straight-line segments, and finally, we propose some improvements and additional chord
drawing styles to explore.

Zusammenfassung

Chord-Diagramme sind eine beliebte Methode zur Visualisierung von Beziehungen zwi-
schen Datenpunkten. Ein Chord-Diagramm besteht aus Knoten, die durch Kreisb6gen
dargestellt werden, die einen Kreis bilden, und Sehnen, die durch Kurven dargestellt
werden, die Knoten verbinden und deren Beziehung zueinander visualisieren. Wenn die
Sehnen in einem Chord-Diagramm als Strecken gezeichnet werden, kreuzen sich zwei
Sehnen genau einmal, wenn ihre Endpunkte sich auf dem Kreis abwechseln. In der Pra-
xis werden Chord-Diagramme jedoch meist mit Bézier-Kurven oder dhnlichen Kurven
gezeichnet, wahrscheinlich weil sie dsthetisch ansprechender sind. Dies fithrt zu dem Pro-
blem, das wir in dieser Arbeit angehen wollen. Im Gegensatz zu Strecken kénnen sich
Bézier-Kurven theoretisch mehr als einmal kreuzen, was zu unnétigen Kreuzungen im
Diagramm fiihrt.

In dieser Arbeit beweisen wir, dass die Sehnen eines Chord-Diagramms ohne unnotige
Kreuzungen als Kreisbogen gezeichnet werden koénnen, und wir zeigen, wie die Kon-
trollpunkte quadratischer Bézier-Kurven, die dieselbe Eigenschaft zu haben scheinen,
platziert werden kénnen. Dariiber hinaus zeigen wir experimentell den Vorteil der oben
genannten Zeichenstile gegeniiber Strecken auf und schlagen schliellich einige Verbesse-
rungen und weitere Chord-Zeichnungsstile vor.
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1 Introduction

Data visualization is the important task of presenting raw data and statistics to an
intended target audience with graphics in a digestible way, so that they may easily access
the information. Easily-interpretable graphics can help get a general understanding, a
quick overview and even some deeper insight on a subject where raw numbers and data
would fail. Well-visualized data simplifies the process of identifying clusters, recognizing
patterns and trends, finding outliers and unusual groupings.

A chord diagram is a tool of data visualization that focuses on illustrating binary
relationships and flows between entities. A chord diagram consists of nodes represented
by circular arcs that partition a circle, and edges represented by curves that connect
the nodes, visualizing their relation to each other. To give an example of what a chord
diagram can be used for: say, we have a group of researchers and we want to show
who worked with whom within the group. This is something that a chord diagram
could depict in an easy-to-understand manner. The circular arcs (nodes) represent the
researchers and the curves connecting pairs of arcs represent the pair of researchers that
have worked together. Furthermore, if we wanted, we could also visualize how many
times the researchers collaborated by drawing differently sized connections in proportion
to the number of times a pair of researchers has collaborated. While chord diagrams do
not offer a whole lot of flexibility, their simplicity, as a result, allows to fit a lot of data
in a small graphic that remains interpretable despite how dense it is.

Due to this, chord diagrams are prominently used in health, medicine and biology
[FSHI9, HBS™14, WDW™24], to visualize socio-economic flows such as trade [YSC™25]
and migration [AS14, NOF20, SABS14], and more.

To get a better understanding for what and how chord diagrams are used, we will
consider some real-world use cases from the above mentioned papers.

First, consider the chord diagram in Fig. depicting migration flows around the
world [ASI4]. In this diagram, each node represents a world region, more specifically,
the total migration volume of the corresponding region, immigration plus emigration.
Note that migration within the same region counts “double” since it contributes to
emigration and immigration at the same time. The size of nodes is proportional to said
volume and takes up space on the diagram relative to the total migration volume of
all regions combined. Chords, here, represent the migration volume from one region
to another, with self-chords within the same node, representing migration within the
region. Additionally, since migration is a flow with direction, the chords also have
to show direction. In this diagram, the outgoing endpoint of a chord is closer to the
corresponding node, than the incoming endpoint is to its corresponding node. This
clearly is not a very good method of showing direction, but the consistent use of color
and order of chords makes it a little better. The color of chords is determined by the



color of its startpoint, and chord endpoints are grouped for each node so that incoming
flow is grouped on one side of the node and outgoing flow on the other side.
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Fig. 1.1: Chord diagram of migration flows between and within world regions during 2005 to
2010. Tick marks show the number of migrants (inflows and outflows) in millions.
Only flows containing at least 170,000 migrants are shown. Figure from [AST4].

We now consider another set of chord diagrams. The four diagrams in Figure [L.2
are used to visualize trade volume between countries within a trade network over four
different time periods. By using multiple diagrams, the author of the figure can rather
easily convey how the market has evolved over time. The diagrams in this figure are
very similar in structure to the previous diagram. What sets it apart is that incoming
chords have a sort of arrowhead which makes it easier to identify them as incoming and
the use of color to group the nodes representing countries by world region.

Observing these diagrams, it is rather easy to get some general insight on the subject.
Following individual chords, however, requires attention or is downright impossible for
small chords in the case of the diagrams in Fig. Admittedly, chord diagrams,
especially those with lots of data, are not meant to clearly visualize the exact flow of
every chord. Nevertheless, these diagrams are far from perfect and we are confident that
they could be improved in terms of readability by reducing visual clutter.

We believe the main contribution to visual clutter stems from intersections of chords.



A simple solution to address this problem is to use straight-line chords: a pair of straight-
line chords cross exactly once if their endpoints alternate on the circumference of the
diagram circle, and only then. This is the best outcome for any uninterrupted stroke
that stays within the circle. However, using straight-line segments is not a very elegant
solution because they often lead to small crossings angles, connect at shallow angles with
nodes and generally look aesthetically less pleasing than smoothly bent curves.

So the main goal of this work is to prove that drawing styles other than straight lines
avoid unnecessary crossings and at the same time offer better readability.

In the remainder of this paper we first cover some terms and properties for our pro-
posed solutions. Next, we present the solutions themselves, of which there are two: a
circular-arc drawing style and a quadratic-curve drawing style. Then, we compare those
solutions among themselves and with a straight-line approach. Finally, we conclude with
a summary, provide possible improvements and discuss completely different solutions.
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