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Abstract

This paper extends on research by the authors together with Alexan-
der Wolff on point label placement using a model where labels can be
placed at any position that touches the point (the slider model). Such
models have been shown to perform better than methods that allow only
a fixed number of positions per label. The novelties in this paper include
respecting other map features that must be avoided by the labels, and
incorporating labels with different height. The result is an efficient and
simple O((n 4+ m)log(n + m)) time algorithm with a performance guar-
antee for label placement in the slider model. Here n is the number of
points to be labeled and m is the combinatorial complexity of the map
features that must be avoided. Due to its efficiency, the algorithm can be
used in interactive and on-line mapping.

1 Introduction

The automated map labeling problem is a well-known problem for many years
in cartographic and GIS research. Manual label placement is a time-consuming
task and it is natural to try and automate it. This requires a good set of rules
according to which a program can work. Such rules have been given decades ago
by Imhof [9], Alinhac [1], and Yoeli [13]. From the algorithmic community, the
label placement problem has received considerable attention more recently [2],
[5], [11]. Usually, a strongly abstracted version of cartographic label placement
is considered, the only rule surviving being the non-overlap of different labels.
However, simple adaptations to these approaches can yield solutions that also
avoid ambiguity, and have other desirable properties of a good labeling.

In the labeling of topographic maps there are three main types of label: point
labels, linear feature labels, and area feature labels. Labeling a set of points
has been studied more extensively than lines and areas. Point set labeling is re-
garded as an optimization problem, where the criterion is either maximum label
(font) size, or maximum number of labels placed. Both problems are intractable
(in most formulations)[6], and an efficient approximation algorithm is usually
sought. An approximation algorithm computes a labeling that is guaranteed not
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to be much worse than the best labeling possible for the given point set. In prac-
tice the performance guarantee is usually rather pessimistic. The computation
time needed to run the algorithm is an important issue, especially for interactive
and on-line mapping. Label placement is an on-line problem, because usually
label positions cannot be precomputed and stored in the database [7].

The point set labeling problem is: Given a set P of n points in the plane,
and with each point a rectangle (the bounding box of the text), place as many
of the n rectangles as possible such that each rectangle touches its point and no
two of the rectangles overlap.

The map labeling bibliography on the internet [12] lists over fifty papers on
the topic; we’ll only mention a few results and techniques that are most relevant
to our research. Nearly all papers that deal with automated label placement
start out by considering only a finite number of allowed positions for each label.
For example, in the 4-position model, a label may be placed such that one of
the four corners of the bounding box of the label coincides with the point to
be labeled. In the 8-position model, the label may also be such that the point
to be labeled lies in the middle of any of the four edges of the bounding box.
These finite position models give an easy discretization of the solution space,
which facilitates the development of algorithms that actually try to place the
labels without overlap.

Hirsch [8] was probably the first to allow any label position that touches
the point to be labeled. His approach is based on defining repelling forces
between labels, and iterative methods to converge to label positions that have
little overlap. His method, however, doesn’t give any guarantee on the number
of labels that will be placed, nor on the running time. The idea of allowing
any touching label position was pursued further by van Kreveld, Strijk, and
Wolff [10]. They called it the sliding label model, as opposed to the fixed
position model. In that paper it was analyzed how much benefit could be
obtained from the extra flexibility of sliding label positions, both in theory
and in practice. At the same time, that paper showed that a relatively simple
implementation of labeling in the sliding label model is possible. A factor-2
approximation algorithm was given that runs in O(nlogn) time. On the tested
data sets it appeared that the sliding label models allowed more labels to be
placed than the fixed position models. This holds true even if sophisticated,
time-consuming optimization strategies like simulated annealing are used for
fixed position labeling. The simple implementation of the sliding label model
outperformed the simulated annealing approach of Christensen et al. [2] by up
to 10% in number of labels placed, and in orders of magnitude in running time.

The research in [10] mainly focused on the comparison of the different label-
ing models, and whether sliding models are to be preferred over fixed position
models. Therefore, two important practical aspects of sliding label models were
not considered. Firstly, all labels were considered to consist of text with the
same height. In other words, different font sizes were not allowed. Secondly, it
was assumed that the point set to be labeled was free of context. No features
needed to be shown other than the points and their labels. For the labeling of
geostatistical data in scatterplots, these restrictions may be valid, but for most
other point labeling problems one has to deal with different font sizes and other
objects to be visualized than only labels and points. This paper addresses both
of these extensions to [10].



When there are other map features to be avoided, it is very useful to have a
sliding label model, because it can easily happen that none of the four positions
in a 4-position model can be used without overlap. This can be seen from
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Figure 1: Enlarged example of labeling in the sliding label model with obstacles.

the cities South Bend and FErie in Figure 1. In the figure, one can see that
label positions haven’t been optimized for preference positions, aesthetic criteria
haven’t been used, and ascenders and descenders of the letters haven’t been
considered. This would be necessary in a real application.

In Section 2 we assume that a point set to be labeled is given, together with
a set of line segments that may not be intersected by the labels. For statistical
applications, the line segments can be the two axes of a regression analysis plot
together with the regression line. For cartographic applications, the set of line
segments can be administrative boundaries like the boundaries of the States of
the U.S.A. We present an algorithm that ensures that none of the labels intersect
the line segments in the given set (and of course, they won’t overlap each other).
At the same time, the method ensures that a point and its label will be on the
same side in the case of a regression line or State boundaries. The algorithm is
in fact a simple preprocessing step that runs in O((n+m) log(n+m)) time for n
points to be labeled, and m line segments to be avoided. After the preprocessing,
one could select a few label positions and run a fixed-position labeling method,
or one could use the algorithm of van Kreveld, Strijk and Wolff for sliding
labels. In either case, a factor-2 approximation algorithm is obtained that runs
in O((n + m)log(n + m)) time overall. The method automatically extends to
avoiding whole regions (including interior) instead of only line segments. At the
end of the section we give some sample output of our algorithm.

In Section 3 we consider how the sliding label algorithm from [10] can be
adapted to incorporate labels of different height. If r different label heights are
used, the algorithm we present takes O(rnlogn) time. However, this algorithm
is of restricted interest. A label number maximization approach tends to choose
small (short and not high) labels over bigger ones. So labels in big fonts may
be the first to be omitted, although common sense tells that these are more
important.

Section 4 discusses ways to resolve the problem just mentioned. Three ap-
proaches may come to mind. Firstly, we could try and place the larger labels at



the expense of the smaller labels after the standard algorithm has completed.
Such a patching up approach is not very elegant. Secondly, we can place labels
in the order of decreasing height. We run one of the existing algorithms for all
labels of the largest height, and add these as obstacles for the next run of the
algorithm. In Section 2 we already discussed how to handle obstacles. Thirdly,
we can adapt the sliding label algorithm and make different choices when the
next label is chosen. The last two approaches are compared to each other on
two test sets. The conclusions of this paper can be found in Section 5.

2 Point labeling amidst obstacles

In this section we are given m segments s1, ..., S;, and n points p1,...,p,, each
with a bounding box of its text. This bounding box is called the label. The seg-
ments may only touch at their endpoints. We want to determine for each point
feature all label positions belonging to that point feature that don’t intersect the
segments S1,...,Sy. Once this is known, one of the existing label placement
algorithms can be used. As in van Kreveld et al.[10], the label positions are
represented as the positions of a reference point on the label. We choose the
lower left corner of the label as the reference point. All positions of the label
that touch its point are represented by four segments on which the reference
point should lie. The idea of point labeling amidst obstacles is to precompute
all positions of the reference point that cannot be used due to the line segments
$1,...,8m. This implies truncating the segments on which the reference point
must lie. We first give a brute force O(nm) time solution, then we improve it
to O((n 4+ m)log(n 4+ m)) time.

2.1 The algorithm

Denote the coordinates of a point p; by (x4, y;), the width of its label by w; and
the height of its label by h;. We only look at the case that the bottom edge of
the label contains the point. The other cases in which the point is on the left,
top, or right edge of the label are handled in a similar way, either by translating
the point downwards or by interchanging x and y coordinates.

The position for the label with its bottom edge containing the point ranges
between two extremes. The left extreme occurs when the bottom right corner
of the label coincides with the point, the right extreme occurs when the bottom
left corner coincides with the point.

Observe that the label always contains the vertical segment v; = {z;} X
[vi,yi + hi]. The first check we make is to test whether there is a segment s;
that intersects v;. If so, we know that the label cannot be placed above the
point feature.

The next step is to determine how far the label can be shifted to the right
starting from the left extreme until it hits a segment to the right of v; (here we
don’t care whether the label intersects a segment to the left of v;). Similarly we
test how far the label can be shifted starting from the right extreme to left until
it hits a segment to the left of v;. We now deal with shifting to the right (shifting
to the left is handled analogously). We distinguish two cases, see Figure 2:

1. The label hits the interior of a segment.



Figure 2: In the left picture the point cannot be labeled above it. In the middle
picture case 1 is shown and the right picture case 2.

2. The label hits an endpoint of a segment.

In the first case the label hits the segment at the top right corner (case la) or
the bottom right corner of the label (case 1b). For each point p; we test for
every segment s; whether we are in case 1a, case 1b, or case 2, and compute the
z-coordinate for each case where it hits the segment. The leftmost z-coordinate
of these is called x;;. Then we determine the leftmost x;; for all segments
51,...,85. This is the z-coordinate where the label first hits a segment to the
right of v;.

After we have computed how far the label can be shifted to the left and to
the right until it hits a segment we know the interval in which the label must lie.
If the length of this interval is less than w; then there is no label position above
the point feature that does not intersect a segment. Otherwise, we determine
the segment representing the valid positions for the reference point of the label.

The running time of this algorithm is O(nm) since for every point feature
we test all segments for restricting label positions. For one segment and one
point these tests can be done in constant time.

When the number of segments m is large we can improve the O(nm) time
algorithm. This is done as follows. We build four data structures. The first
one is used to detect the situation where line segment v; intersects one of the
line segments s;. This data structure is a vertical decomposition of all segments
S1y---,8m, which is preprocessed for efficient planar point location [4]. With
this data structure we can perform the check whether a segment intersects the
segment v; in O(logm) time. We perform a point location query with the point
p; in the vertical decomposition. The top edge of the cell containing p; is the first
segment above p; that intersects the vertical line containing v;. If the segment
intersects v; then we cannot place a label above p;. Building the point location
structure for the vertical decomposition takes O(mlogm) time and O(m) space.
The point location query takes O(logm) time.

The second data structure is used to handle cases 1a and 1b. It is a horizontal
decomposition of all segments s; ..., Sm,, also preprocessed for efficient planar
point location. We do a point location query with point p; and point p; + (0, h;)
in the horizontal decomposition. The right edge in the cell containing p; is the
first segment that is hit by the bottom right corner of the label if it is shifted
to the right starting from the left extreme. Similarly, the right edge of the cell
containing p; + (0, h;) is the first segment that is hit by the top right corner
of the label. Building the horizontal decomposition takes O(mlogm) time and
O(m) space. Point location requires O(logm) for each query.

The third and fourth data structures handle case 2. The third data structure
is used for finding for each point p; the first segment endpoint to the left of v;.



Symmetrically the fourth data structure is used for finding for every point p;
the first segment endpoint to the right of v;. Because of the symmetry of the
two subcases we only describe the test for segment endpoints to the left of
v;. The data structure we use is a priority search tree [4]. We would like to
answer for each point p; the following query: What is the rightmost segment
endpoint in the halfstrip (z < 2;) A (v; < y < y; + h;), the area to the left of
v; 7 Since a priority search tree can only find the rightmost segment endpoint
in a strip ¥, < y < y; + h;, we must use a trick. We ensure that at the
query moment the priority search tree only contains segment endpoints with
z-coordinate less than x;. In that way the rightmost segment endpoint of the
strip y; < y < y; + h; is also the rightmost segment endpoint in the halfstrip
(x < z;)) N (y; <y < y; + h;). To ensure that the priority search tree only
contains points with x-coordinate less than z; at the moment we want to answer
the query for p;, we do the following. The points are tested in increasing order
of z-coordinate, and for a point p; we first insert into the priority search tree the
segment, endpoints which have z-coordinate less than z; and were not already
in the priority search tree. This can easily be determined by sorting in advance
the segment endpoints for increasing z-coordinate and keeping a pointer to the
first segment endpoint that was not yet inserted into the priority search tree.
Sorting the points requires O(nlogn) time, and sorting the segment endpoints
takes O(mlogm) time. Inserting a segment endpoint into the priority search
tree takes O(logm) time per point. Since we insert each segment endpoint once
this adds up to O(mlogm) time. Computing the rightmost point in a strip
takes O(logm) time.

The four data structures together answer the question whether a point p;
can be labeled with the label above it, and also the maximum extent left-
wards and rightwards of this label. If the data structures are present, this
takes only O(logm) time for each point in pq,...,p,. So the total query time
is O(nlogm) and the total time needed to construct the data structures is
O(mlogm + nlogn). This results in a solution based on efficient data struc-
tures that takes O((n + m)log(n + m)) time and linear space.

When the maximum extents with respect to the obstacle line segments are
known for each label, there are two ways to proceed. Either we select a fixed
number of candidate positions from the ones still possible and apply a fixed
position method for label placement, or we use the truncated segments for the
reference point directly in the sliding label algorithm.

2.2 Experiments

We implemented the algorithm and tested it on two data sets. The first is a
scatterplot of 75 points in a regression analysis. The obstacle to be avoided is
the regression line. The labels are the sequence numbers of the data points;
labels 24, 36, 49, and 56 could not be placed. See Figure 3. The second data
set consists of the U.S.A. with state boundaries. The method guarantees that
the label of any city appears in the same state as the city. The method also
makes sure that if there is a label position touching the point which doesn’t
intersect boundaries, then that label position is considered in the algorithm.
The point may not be labeled due to other labels, though. Figure 4 shows part
of the U.S.A. with labels. We have not attempted to place the labels at the
best position possible from the aesthetic point of view. If the algorithm is used
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Figure 3: Scatterplot of data points in a regression analysis. The labels are
placed such that they don’t overlap the regression line.

in an application that requires high quality, then a post-processing step must
be included to slide labels from the computed positions into better positions,
taking the descenders and ascenders of the letters into account.

3 Point labeling for point labels of varying height

In this section we describe an algorithm for point feature labeling with sliding
labels. If the number of different label heights of the point features is r then
the running time of the algorithm is O(rnlogn). Since on maps the number of
different label heights usually is less than 10, we can consider r a constant that
doesn’t depend on n.

The algorithm we use is an extension of the algorithm described in van Krev-
eld et al. [10] that computes a labeling with sliding labels when all labels have
the same height. We start by describing the main principles of that algorithm.

The labels must be of fixed height but arbitrary width. We describe an
O(nlogn) time algorithm for the slider model that approximates an optimal
solution in the following sense. If the maximum number of labels that can
be placed is kopt, then our algorithm places at least kopt/2 labels: a factor-2
approximation algorithm. In most data sets, however, we expect to come much
closer to the optimum.
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Figure 4: Map of the south eastern part of the U.S.A. The labels are placed
such that they don’t overlap the state boundaries.
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Given a set of points with labels that have already been placed, and a set
of points that don’t have a label yet, define the leftmost label to be the label
whose right edge is leftmost among all label candidates of unlabeled points and
that does not intersect previously placed labels.

Lemma 1 Given a set of points and with each point, a label of the same height,
the greedy strategy of repeatedly choosing the leftmost label finds a labeling of at
least half the number of points labeled in an optimal solution for the slider model.

Proof: See proof in [10]. |

Let p1,...,p, be the set of points that has to be labeled. The label of p;
is denoted [;, and the reference point of a label is its bottom left corner. The
possible positions of the reference point of a point p; are represented by four line
segments. Two are horizontal, sj, . and s}, ¢ iom» and two are vertical, s} | ¢
and sijright. Their position is exactly the position of the edges of the label [; if
it were placed left and below p;. The width of [; is denoted w;, and the height
is 1. We can always scale the y-coordinates to this situation.

If a label [; has been placed, then no reference point position inside I; is
possible. The same holds for reference points inside the rectangle I} precisely
one unit below /; since any label extends one unit above its reference point. The
open rectangle that exactly covers /; and I} and their mutual bounding edge is
the exztended rectangle ;. Since labels are placed from left to right, no reference
point positions in nor to the left of I; will be accepted later by the algorithm.
Suppose a subset of the points has already received labels by the algorithm.

The right envelope of all extended rectangles [ for all labels [ outlines all
reference point positions that are impossible, or cannot occur any more, see the
bold line in Figure 5. We call this right envelope the frontier and denote it by
F.



Figure 5: Frontier of the placed labels (dark grey) and their lowered copies (light
grey).

Hright Hjp Vint,right

Figure 6: The sets Hyight, Hint, and Vipt right- The dashed lines in the middle
picture separate the segments of Hj, that are restricted by different segments
of F.

To determine the next leftmost label, we only have to consider the frontier F'
and the segments s, . 5}, pottoms S tefe> A0 55 e Of the points p; to the right
of F' that don’t have a label yet. Given a horizontal segment s; and the frontier
F, there are three possibilities: (i) sp lies completely left of F. Then sj, can
be discarded; a point on it cannot be a reference point for a label that doesn’t
overlap another label. (ii) sy, lies completely right of F. Then the leftmost point
on s, is a candidate for the next leftmost label. (iii) sj, intersects F. Then a
point just right of the intersection point is the candidate. For a vertical segment
Sy, a similar situation occurs. If s, lies left of F', it can be discarded; if s, lies
right of F', any point on s, can be chosen; and if s, and F intersect, then any
point on s, right of F' can be chosen as a candidate.

Let H be the set of all horizontal segments that represent reference points
of the labels. Similarly, let V' be the set of the corresponding vertical segments.
Let Hgne € H be the subset of all horizontal segments that lie completely
right of F, see Figure 6. Let Hj,; C H be the subset of all horizontal segments
that intersect F. Let Hi.se € H be the subset of all horizontal segments that lie
completely left of F' (these cannot give a valid label any more). Let Ving right € V
be the subset of all vertical segments that contain at least some point right of
F.

To maintain the frontier and the candidates for the best reference point



efficiently, we need some data structures. Some of the data structures are used
to find the next leftmost label; other data structures are only used to update
the former ones efficiently. The data structures are red-black trees 7, heaps
‘H, and priority search trees P. These are described in standard textbooks on
algorithms [3] and computational geometry [4]. Using these data structures the
algorithm of [10] labels the points from left to right in O(nlogn) time in total.

3.1 The algorithm

In the version of the labeling problem where r different label heights are allowed,
we have to change the given solution. It is not sufficient any more to use only
one frontier and the corresponding data structures. We describe the adaptations
required next.

Assume we have r different label heights hq, ..., h,.. We partition all points
in classes P; in which all points have labels with height h;. Instead of one
frontier as in the uniform height algorithm we now maintain » frontiers Fj,

which we maintain to treat the points in P;. We also have r sets Hrjight, H .,

and V{7, right that store, respectively, the horizontal segments that intersect the
frontier F}, the horizontal segments that lie completely to the right of F; and

the vertical segments that do not lie completely to the left of F}.

A

Figure 7: Frontier F} of the placed labels (dark grey) and their corresponding
rectangles with height h; (light grey).

The r data structures are capable of giving the leftmost label [; among the
points in P; as described in [10]. So we can determine the leftmost possible
label of all points by taking the leftmost label [ from [y,...,l,. We place this

label [ and the next step is to update all frontiers Fi, ..., F,. and the sets Hrjighw

Hi, and Vil o for j=1,...,7.

Recall that the frontier of Fj is the boundary of the area where the reference
points of the horizontal and vertical segments of the points P; cannot lie any
more. If a label [ has been placed, then no reference point position inside [ is
possible. The same holds for reference points inside the rectangle !’ that has
the same width as [ but height h; and that is placed immediately below [. If
the reference point of a label belonging to a point in P; would lie in I’ then the

label would intersect [. So the frontier F} is the right envelope of the placed

10



labels and the rectangles that have the same width as the labels but height h;
and that are placed immediately below their labels, see Figure 7.

Figure 8: When the new label is chosen, the frontier F; becomes the right
envelope of fhew and the old frontier. The new label [ is dark grey. The grey
range (light and dark) is the area in which all reference points are removed.

So we must change every F; by extending it with the label [ and the rectangle
I’ below it, see Figure 8. Let fnew be the right edge of [ and I’. Because the way
the fixed height algorithm works does not depend on the height of fhew being a
multiple of the height of [ or h;, we can compute the updated frontier and the
sets Hrjight, Hi{lt, and Viflt’right using the existing data structures for each j.

The running time is only a factor r worse since now we must update the data
structures for the r classes of points instead of just one class. The algorithm
needs linear space because the points are divided in sets Pi,..., P, and the
space needed is linear in the size of each P;.

We conclude:

Theorem 1 Let S be a set of n points in the plane, and for each point a rectan-
gular label with a height and width is given. If only a constant number of label
heights are used, then there is an O(nlogn) time and linear space algorithm
which places the labels according to the greedy sliding method.

3.2 Approximation factor

For the fixed height algorithm we could prove that it was a factor-2 approxima-
tion algorithm. That means that if the maximum number of labels that can be
placed is kopt, then the fixed height algorithm places at least kopt/2 labels.

If we drop the restriction that all labels have the same height, we do not have
the factor-2 any more. But we can prove another approximation factor. Let hpyip
be the minimum height among all the labels, and hp.x the maximum height
among all labels and o = fm2s Then we can prove that the approximation
factor of the algorithm is 1 +a. Note that this is line with the fixed height
approximation factor because in that case o = 1.

The proof relies on the fact that if we place a leftmost label of height Apax
then, instead of this label we could have placed at most a + 1 labels of height
hmin. If we extend this to all labels we get the factor-(aw 4+ 1) approximation.

Note that these approximation factors are only guarantees that in the worst
case we can label at least a certain fraction of the maximum possible. In practice
the algorithm performs much better. For example, the fixed height algorithm
places often more labels than the standard simulated annealing algorithm.
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4 Priority of labels

The algorithm described above tends to choose short labels over longer ones.
Since in general labels with a larger font size also have a longer label, they may
not be chosen although in practice such labels are more important than labels
in small fonts. To resolve this problem we suggest three possible approaches.
Firstly we could use a post-processing approach in which first the algorithm
above is run, and after that, important labels are added by shifting or removing
existing labels. Such an approach is not very elegant because it tries to fix
things afterwards instead of taking them into account in an earlier phase.

In the second method we first run the algorithm only on the labels with the
largest height. The labels of the first run become obstacles for the subsequent
runs. Then the algorithm is run on the labels with the second largest height and
we add the placed labels as obstacles for the next runs, and so on. In Section 2
we already discussed how to handle obstacles. The overall running time of the
algorithm is O(nlogn) if a constant number of different heights are used. A
disadvantage of this method is that labels placed in earlier runs don’t take into
account the possible position of labels in the later runs at all. Placement of
the big labels could result in the placement of only few smaller labels, whereas
many of them would fit if the big labels were placed differently.

The last method uses an adapted version of the algorithm given in the pre-
vious section. For each point we have the real label with a certain height and
width. We will also use an imaginary label that has the same height as the
normal label, but its width may be smaller than that of the real label. On an
abstract level, the algorithm in Section 3.1 has two parts. The first is selecting
the leftmost label, and the second is updating the set of reference points that
belong to labels that are still allowed. For the first part we use the imaginary
labels and for the second part the real labels. Thus we use the imaginary labels
for computing the leftmost label. We will make labels with a large height have
a much smaller imaginary label, so they will be chosen sooner than other labels.
For any label chosen, the real size of it is used to update the frontiers F; and
the sets Hgight, Hij;lt, and Vifn,right- Placing a label of a certain point can be
given a higher priority by giving it an imaginary label with a small width. One
can show that this adaptation of the algorithm does not affect the running time
of O(nlogn).

4.1 Experiments

We performed experiments to compare the labelings produced by the second
method and by the last method. The test set consisted of 156 cities of the
U.S.A. Three different fonts were available for the labels. The 6 cities with a
population of one million or more were assigned a label in the largest font. The
15 cities with a population of more than half a million got middle sized labels.
The remainder of the cities (135) were to be labeled with the smallest font.
The imaginary width of the labels was determined by the font size. This width
was 0 for the largest font labels, one tenth of the real label width for the middle
sized font, and the imaginary width equaled the real label width for the smallest
labels. In the first test the map was scaled such that we could place roughly 50
labels. In the second test we scaled the map to allow roughly 100 labels. The
results are shown in Tables 1 and 2.
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labels placed
method total | smallest font | middle font | largest font
font-after-font 50 36 9 )
imaginary width 49 33 10 6

Table 1: Comparison of the two methods on a map with roughly 50 labels.

labels placed

method total | smallest font | middle font | largest font
font-after-font 97 79 12 6
imaginary width 100 79 15 6

Table 2: Comparison of the two methods on a map with roughly 100 labels.

It follows from the tables that the imaginary width method places at least
as many largest font labels as the font-after-font method and moreover, more
middle font labels.

From the Figures 9 and 10 showing the labeling for the 100 label test, one can
see that in the imaginary width method the label of Columbus was placed, but
in the font-after-font method it was not, because the label of Philadelphia was
placed as much to the left as possible, unaware of the future label of Columbus.

[Seattle

ot Fracsd_BOSTON
Fadieed
; et :
[BerkelesjGoncerd Chi
i eme et
San Jose|
Eolorado Spring e T :
[Bakersfield [Las Vegag] [Puebl -
fichin] .
Epringfed
Los Angele sfuem Elbuguerqug ElEoma Sigjrly
Gan Diege]  [Phoeni o Bl [Memphis|fntsvid ol
8 oenix|Mesd - Atlants
g
onmeomar Eavamna
[Dallasihrevepsty [Facksod
1
Housto

Figure 9: 156 cities in the U.S.A.; 97 labels placed (font-after-font method)

5 Conclusions

We have described two practical ways of extending recent research on point
labeling in the sliding label model. The sliding label model allows labels to be
placed anywhere as long as a side of the label touches the point to be labeled.
This additional freedom in placement is known to allow more labels than the
more widely known fixed position models [10].
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Figure 10: 156 cities in the U.S.A.; 100 labels placed (imaginary width method)

The first of the two extensions we have given deals with other map objects
that must be avoided by the labels to be placed.

The second extension to sliding label position computation involved dealing
with labels of different font sizes. We showed that the known sliding label
algorithm can be adapted without much effort for this case. However, the
algorithm will give preference to smaller labels over larger labels when it has
the choice, and hence, to labels in smaller fonts. We presented approaches to
correct this shortcoming, so that the more intuitive idea of giving preference to
larger (more important) labels is used. We tested the font-after-font and the
imaginary label width method on a map of the U.S.A. By giving cities with a
large font a smaller imaginary label width we could place almost all of them.

The extension for avoiding other map objects runs in O((n + m)log(n +
m)) time with n the number of points to be labeled and m the combinatorial
complexity of the map features that must be avoided. The algorithm which
deals with labels of different font sizes runs in O(nlogn) time. Furthermore,
these extensions can be used together without any problem.
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