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An important and challenging task in cartography is the labeling of maps—
attaching text to geographic features. Usually, the features to be labeled are
regions, lines, and points on a map. One of the traditional formulations of the
problem of labeling points is the point-feature-label placement problem, where
we are given a set of points in the plane, and an axis-parallel rectangular label
associated with each point, and the problem is to place each label with one corner
at its associated point such that no two labels overlap. [KIm88|[FWa9Tl, MSh91!
KRa92| This problem is known to be NP-complete. There are approximation
algorithms when the problem consists of scaling the labels.

In this paper we propose an alternative where each label is a rectangle with
fixed area, but varying height and width. The elastic labeling problem is to choose
the height and width of each label, and the corner of the label to place at the
associated point, so that no two labels overlap.

The elastic labeling problem is useful when the goal of placing a label at a
given point is to associate with the point some text consisting of more than one
word. In this case we can write the specified text inside the label using one, two,
or more rows, as long as the label is placed at the specified point.
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Fig. 1. An Elastic Label.

Our main result is a polynomial time algorithm for the special case of the elas-
tic labeling problem when the given points lie on the boundary of our rectangular
map. This “rectangle perimeter labeling problem” arises when the perimeter of
the map is labeled with information about objects that lie beyond the boundary
of the map, e.g. where the roads lead to, etc. This problem is likely to be relevant
in GIS as maps are displayed dynamically on a computer screen using clipping,
panning, and zooming.

To solve the rectangle perimeter labeling problem, we first tackle two sub-
problems where the points lie on only two sides of the rectangle, either two
adjacent sides or two opposite sides. We call the case where the points lie on two
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Fig. 2. A decomposition.

adjacent sides of the rectangle the two-axis labeling problem, and the case where
the points lie on two opposite sides of the rectangle the two-parallel lines labeling
problem. Our polynomial time algorithm for the two-axis labeling problem was
presented in [[Lu97b).

Here, we present a polynomial time algorithm for the two-parallel lines label-
ing problem, and we show how to solve the rectangle perimeter labeling problem
in polynomial time using algorithms for the two subproblems.

For the two-parallel lines labeling problem we use a greedy approach, adding
elastic rectangles from bottom to top, keeping the most recently added rectangles
elastic, and fixing the earlier ones. To solve the rectangle perimeter labeling
problem, we show that for any instance of the problem it suffices to consider
a polynomial number of decompositions of the rectangle into regions in which
labels from only two sides of the rectangle compete for space. (It is intuitively
clear that near a corner of the map, for example, only the labels from two sides
of the map are relevant.) Thus we can apply our algorithms for the special cases
in these regions. The dashed lines in Figure Blillustrate one such decomposition.
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