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Introduction. A book with k pages consists of a line (the spine) and k half-
planes (the pages), each with the spine as boundary. In a k-page book drawing
of a graph the vertices lie on the spine, and each edge is drawn as a circular
arc in one of the k pages. The minimum number of edge crossings in a k-page
book drawing of a graph is called its k-page crossing number, which, in general,
is N'P-hard to determine [1]. Multiple heuristic approaches to compute a k-page
drawing with a small number of crossings are available in the literature. On a
very high level, they can be categorized as simple heuristics, those that consist
of a single run, and complex ones, based on neural networks [8,13, 16, 6], simu-
lated annealing and evolutionary techniques [5,9, 14,2, 15]. Notice that a book
drawing consists of two ingredients, an order of the vertices on the spine, and a
distribution of the edges to the pages. Simple heuristics, given in literature, cre-
ate vertex order and edge distribution independently. A complete book drawing
is constructed by either applying a combination of a vertex order and an edge
distribution heuristic, or by applying the mentioned above complex approaches
that use simple heuristics as basis. As a result, the performance of the complex
approaches depends on the performance of the applied simple heuristics. Up to
our knowledge, every attempt to compare the performance of the existing simple
heuristics is limited in some sense. These experiments are either limited to very
few of them [15], or use very specific graph classes as benchmarks, or limit the
experiments to one or two pages [11, 10, 6]. One of the goals of this work is to ex-
tend these experiments. Observe that complex heuristics, using advanced search
patterns, almost always outperform the simple heuristics [15, 6]. But, since they
use simple heuristics in their base, we believe that it is necessary to understand
the relevant performance of the simple heuristics first. Thus, this work focuses on
simple heuristics only. In particular the content of the poster is as follows: 1. We
present several new heuristics and among them several full drawing heuristics,
that create vertex order and edge distribution at the same time. 2. We present
results of our extensive experimental study. The general target of the experiment
was to provide an easy way to access the following information: given a graph
class and the number of pages, which is the best combination of simple vertex
order and edge distribution heuristics? Based on the experiments in the litera-
ture, our experimentation and intuition, we have chosen the most promising 7
heuristics from the literature, implemented them, as well as the new heuristics,
and compared their performance based on the number of crossings they produce
and the running time (complete experiment can be found in [12]).

Heuristics. We start with the vertex order heuristics. The heuristics randDFS



[2] and sm1DgrDFS [7] compute a vertex order based on a DFS traversal choosing
the next vertex randomly and the one with the smallest degree, respectively. We
introduce the heuristic treeBFS, which orders the vertices based on a crossing-
free 1-page book drawing of a computed BFS spanning tree. The heuristic conCro
[3] at each step selects the vertex with the most already placed neighbors and
places it on one of the two ends of the current spine where it introduces the
fewest new crossings. As an extension of this heuristic, we introduce conGreedy
which considers not only the two ends of the spine but any position on it.

The edge distribution heuristics eLen [4], ceilFloor and circ [15] sort edges
in some particular order and distribute them greedily to the page where they
create fewest crossings. eLen and ceilFloor sort them by decreasing length in
linear and circular spine, respectively. circ considers the order inspired by the
construction of the book embeddings of complete graphs on their pagenumber.
slope [11] considers a circular drawing and places the edges with similar slope
to the same page. We introduce the heuristic earDecomp, which constructs the
conflict graph of the edges in a circular drawing, and an ear decomposition of the
conflict graph, and then alternates the vertices of each ear (edges of the original
graph) between two or three pages.

Following the idea by He at al. [10], we extended the vertex order heuris-
tics randDFS, sm1DgrDFS, conGreedy to full heuristics randDFS+, sm1DgrDFS+,
conGreedy+, respectively, which distribute an edge to the best page greedily as
soon as it gets closed, i.e. at the moment its second end-vertex appears on the
spine. In contrast to smlDgrDFS+ and randDFS+, conGreedy+ decides for the
position of a vertex based on the number of new crossings, and thus the order
it computes is different from conGreedy. Thus, conGreedy+ can also be used as
an improved vertex order heuristic by discarding the edge distribution.

Experiment and Discussion. We tested the heuristics on graphs of different
classes, size n and number of pages p. Among others our test suite includes
random graphs of different densities, planar and 1-planar graphs, k-trees, cycle
products and hypercubes. In each case we used 200 instances and measured the
average number of crossings. A digest is given in the poster. The maximal used
number of pages was determined either by the pagenumber of the graph, or when
the best heuristic produced no more than 1 crossing on average.

From our experiments we concluded that the best heuristic combination de-
pends not only on the density of the graphs, but remarkably also on the structural
properties of the graphs. For example, the combination conGreedy+-ceilFloor
performs best on planar and 1-planar graphs, while conGreedy+ , as full drawing
heuristic, performs best on random graphs with the same density.

In general, we observe that the extension of conCro to conGreedy as well as
the full drawing heuristic conGreedy+ often construct book drawings with fewer
crossings, however, with the cost of higher running time, which was also clearly
noticeable in the experiments.

Furthermore, we could observe that conGreedy+-ceilFloor/ eLen achieved
crossing-free book drawings of hypercubes Q4 when p = pagenumber (tested up
to d = 10).
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