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Number of Crossings
A point corre-
sponds to the
number of cros-
sing of one drawing
computed by the al-
gorithm indicated by the
color. The catagorization
by graph classes shows that
stress minimization has par-
ticular problems in optimizing
the number of crossings in the
graph class TRIANGULATION+X.
The plot suggests that edge inserti-
on computes drawings with the smal-
lest number of crossings. Our statisti-
cal test indeed confirms this observati-
on with a significance level of α = 0.05.

Crossing minimization is an active field of rese-
arch. While there is a lot of work on heuristics for

topological drawings, these techniques are typical-
ly not transferable to the rectilinear setting. We

introduce and evaluate three heuristics for rec-
tilinear crossing minimization. The approaches

are based on the primitive operation of mo-
ving a single vertex to its crossing-minimal

position in the current drawing Γ. In an ex-
perimental evaluation, we demonstrate that

our algorithms compute straight-line dra-
wings with significantly fewer crossings

than energy-based algorithms, though
at the cost of a higher running time.

Conclusion: EI has the lowest number of
crossings but a high running time. If time is cruci-
al, EP is the best choice.

Theorem Let G = (V,E) be a graph with
a degree-k vertex v ∈ V and a straight-
line drawing Γ of G. A crossing-minimal
position for v can be computed in
O
(
(kn+m)2 log (kn+m)

)
time.

crossing-minimal
position of v

to
move

current
drawing

Vertex Insertion (VI) We identify a sequence T =
〈v1, v2, . . . , vk〉, k ≤ n, so that the induced subgraph GP of
V \ V (T ) is a planar subgraph of G. We iteratively remo-
ve the vertex with the highest crossing number from a
drawing Γ of G until Γ is planar. We reinsert the verti-
ces in reverse order at their crossing-minimal positions.

Edge Insertion We start with a maximal planar
subgraph of G and iteratively reinsert edges
e into the previous drawing. We modify each
drawing so that we can add the edge e with
a small number of crossings. We evaluated
two strategies, (i) either only moving the
endpoints of e (EP), or (ii) moving ver-
tices incident to edges crossing e (EI).

100 randomly selected graphs per class.
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EP - Edge Insertion (only Endpoints)
EI -Edge Insertion (Endpoints + Crossed Edges)
Stress Minimization

VI - Vertex Insertion
VM - Vertex Movement

E
xtract P

lanar S
ubgraph

&
C

om
pute

Initial D
raw

ing

at
insert

at
insert

insert &

repos.
endpoints

insert &

repos.
endpoints

0

100

#

100 200

259.5 260.0 260.5

0

100

#

100 200

0

100

#

n+m

230 240

0

100

#

v

Let Γ [v 7→ p] be the drawing obtained from a drawing Γ
where v is moved to p. A crossing-minimal position p? of
v corresponds to a drawing Γ [v 7→ p?] with a minimum
number of crossings.

A cell
corresponds to
a set of edges
crossed by .

Intersection of
visibility regions for
all pairs of and .

and cross if
and only if is
moved into .

Initial
Drawing

Vertex Movement (VM) Let S = 〈v1, v2, . . . , vk〉, k ∈ N, be a sequence of ver-
tices of G and let Γ0 be an arbitrary straight-line drawing of G. The drawing

Γi is obtained from Γi−1 by moving vertex vi to its crossing-minimal position.
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Running Time
The high
running ti-
me is due to
precise geome-
tric operations.
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