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Delaunay [2] is a visualization system to display and query object-oriented
databases. It supports DOODLE [1], a visual and declarative meta-language,
with which users can specify the display of quantitative information (such as
bar charts and pie charts) and of qualitative information (such as graphs). The
visual vocabulary available to the user comprises only simple visual primitives
such as box, circle, and line. It also supports constraints as a means of specifying
distances between objects (length constraints) and occlusion between objects
(overlap constraints).

Work in graph drawing has traditionally focused on algorithmic approaches,
which are designed to solve efficiently a limited class of graphs using a particular
drawing. Less common approaches that allow the user to specify what the graph
will look like, instead of how that drawing is going to be achieved are called
declarative. Typically these approaches use constraints and are computationally
inefficient [4].

We concentrate on the capability of DOODLE for specifying the drawing of
graphs declaratively using the Delaunay system that we have been implementing.
Besides addressing efficiency concerns, the solver should also deal with constraint
cycles satisfactorily. For example, the SkyBlue [5] constraint solver actually fails
to solve relatively simple constraints if they contain cycles, which are difficult to
avoid in graph drawing problems.

We have therefore designed and implemented our own constraint solver, based
on the algorithm presented in [3]. In [3], we showed that using DOODLE, we
can specify a variety of drawings for a class of graphs that includes trees, series-
parallel graphs, and acyclic digraphs. Furthermore, we have shown that such
drawings can be achieved in optimal time.

The role of the constraint solver is to calculate the absolute locations and
dimensions of each visual object. The coordinates of these objects are represented
by landmarks , the horizontal or vertical distance between any two landmarks
being represented by a length constraint . The constraint solving strategy is as
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follows. We build a constraint graph where each vertex represents a variable
associated with a landmark, and each edge represents a dependency between
two variables established by a constraint. The edges are directed for a max or
min constraint, and are undirected otherwise for all other length constraints.

First, we need the absolute horizontal and vertical coordinates of an origin
landmark. From these coordinates, the solver attempts to calculate the positions
of other landmarks that share a length constraint with the origin. In subsequent
iterations, the values of the coordinates of the newly positioned landmarks are
propagated, until all variables are instantiated. We have successfully solved con-
straints where cycles are present and efficiency is guaranteed by avoiding dupli-
cation of computations. Like the rest of the Delaunay prototype, the constraint
solver is implemented using Java.

We will be presenting details of the implementation, DOODLE programs
that implement a variety of drawings (e.g., planar upward, containment, and
H-V drawings of trees, ∆-drawings of series-parallel digraphs), and drawings as
obtained by Delaunay.
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