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A storyline visualization is a two-dimensional drawing of a special kind of
time-varying hypergraph H(t), where the x-axis represents time and the vertices
(also called characters) are x-monotone curves. At each point in time t, the
vertices form a permutation such that groups of adjacent characters in H(t)
occupy consecutive vertical positions to indicate a meeting at time t, see Fig. 1.
Each character can only be part of at most one meeting at each point in time.
This kind of visualization has been introduced for illustrating movie narratives [8],
but is also more generally used in information visualization [6, 11].
Several aesthetic optimization criteria have been proposed [6, 11], including
minimization of crossing, line wiggles, and white-space gaps. While crossing
minimization has been studied from an algorithmic point of view in recent
years [4, 5, 7], minimizing line wiggles, as another important quality criterion,
which is similar to bend minimization in node-link diagrams [9, 10], has not
been investigated on its own. We note that the problem of minimizing corners
or moves in permutation diagrams [2, 3] is related to wiggle minimization, yet
does not include the temporal aspects of storylines with meetings over time and
their induced character ordering constraints. We present the first integer linear
programming (ILP) model for exact wiggle minimization in storyline visualizations
without an initial permutation. We can include crossing minimization into a
weighted multicriteria ILP model and show examples of a first case study.
ILP formulation. A storyline visualization can be encoded as an m × p matrix
with columns for the p time points, where meetings start or end, and m > n rows
for the slots used by the n characters of H(t), where m is chosen large enough to
allow for blank lines between different meetings at the same time points. The
position of character i at time point t is expressed as a binary variable xti,j that
is set to 1 if and only if i uses slot j at time
Pn point t. No two characters can use
the same slot at the same time point ( i=1 xti,j ≤ 1). With this information
about the position of the characters over time it is possible to determine the line
wiggles of a character i by comparing the position of i for two successive time
points t and t + 1. If the position changes, a wiggle is detected. The absolute
value of the difference of the occupied slots at both time points yields the height
of the wiggle, which is identified with the variable zit . Using this height as the
weight of a wiggle we get the following ILP model with the total wiggle height as
objective
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In addition we need to define constraints for correctly representing the character meetings and, for better visual distinction, keeping a blank line between
any neighboring characters that do not meet. For a meeting e with k members
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between time points t0 and t1 we define integer variables jmin
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the variables jmin and jmax for distinct meetings e and e at the same time point
t it is possible to define constraints that require blank lines between e and e0 .
Finally, by using the position variables of any two characters a and b a binary
t
comparison variable ya,b
for this pair of characters can be created which takes
value 1 if and only if a is placed above b at time point t by the constraints
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A crossing between the characters a and b at time point t can be determined
t+1
t
if the equation ya,b
+ ya,b
= 1 is satisfied. If there is no crossing it evaluates to 0
or 2. With this a secondary objective function for crossing minimization can be
added to the ILP, similar to the crossing minimization of Gronemann et al. [4].
Implementation. The ILP model is implemented using Gurobi [1]. Figure 1
illustrates results of a snippet of the movie Inception. Figure 1a shows the result
of pure wiggle minimization with a total wiggle height of 55 (and 26 crossings)
found after 33.37min, while Figure 1b shows the result of minimizing wiggles
and crossings in a weighted multi-objective way with weight 1 for wiggles and
weight 3 for crossings; it has a total wiggle height of 59 and 20 crossings and
was found after 16.65min. The multi-objective seems to produce more appealing
results, yet there is still a need for improvements, especially for larger instances.
We finally note that the ILP can be modified to minimize the number of wiggles
or the maximum wiggle height instead of the total wiggle height.

(a) wiggle minimization

(b) wiggle and crossing minimization

Fig. 1: Example snippets of storyline visualizations for the movie Inception;
meetings are indicated by vertical lines
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