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Fia. 1. Interactions of GDR with its environment.

is the other endpoint of e).

(iv) The graphical interface for GDR is written using simple X11 calls
(no widgets or toolkits). In essence, GDR provides an additional
X11 resource, a graph, that can be manipulated like other re-
sources.

While GDR. does not yet offer some of the sophisticated features of
other graph editing systems, the advantages of those features may be
gleaned by either using GDR with other tools or by developing custom
enhancements to GDR for particular applications.

2. Design of GDR

The current implementation of GDR is a prototype for testing ideas
that may be used in future implementations. Nonetheless it is quite usable
even in its crude present form. GDR was originally intended as a simple
tool to generate input for implementations of graph algorithms, but it has
evolved substantially.

One way to view GDR is as an extendible graph editor. The inter-
actions shown to the left of the dotted line in Figure 1 are analogous to
those of a simple text editor with its environment: a file, created by GDR
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use of GDR as a graph editor to create pictures of graphs for articles
and reports. Possible enhancements fall into three categories (in ease-
of-implementation order starting with easiest): new editing capabilities,
new graph attributes, and automated drawing features.

Examples of new editing features are the ability to align vertices,
options on size of vertices and thickness of edges (with defaults taken
from a configuration file), use of splines for edges that are not straight
lines, and the ability to copy and move user-specified subgraphs. New
attributes include the use of multiple colors (or shadings) for vertices,
edges, and labels and the use of more than two knots. Automated draw-
ing features include such issues as better heuristics for the placement of
labels and knots (the current implementation occasionally places labels
on top of each other or creates a line segment for a new edge on top of
an existing one), and automatic placement of new vertices. Tools that
create aesthetically pleasing drawings from logical descriptions of graphs
(see Di Battista et al. [5] for a survey) could interact with GDR via the
GDR file mechanism described in the next subsection.

4.3. GDR files. GDR communicates with other programs via a
simple ASCII file format that records all attributes of a graph. Pro-
cedures that access or modify GDR files can be written using the same
object-oriented approach that is used for the internal representation of
graphs (GDR itself, without its interactive part, could be used to write
filter programs to modify GDR files).

Further development of the GDR file format and tools that manipu-
late GDR files is motivated by three considerations. First, GDR files can
be used to capture a sequence of stills from the execution of an anima-
tion. The stills can either be viewed later or printed (although a GDR-to-
PostScript translator has not yet been developed). Second, GDR can be
used as an editor of graph drawings for documents. This would probably
require the recording of additional information in GDR files as well as the
development of “style files” to allow customization of such attributes as
thickness of edges. Finally GDR files can serve as a convenient mechanism
for compact storage of graphs and their drawings. This could spur the
development of tools to modify the logical or physical structure of graphs
stored in such files (analogous to the variety of Unix tools for text files).

4.4. Object-oriented approach. While tools written in languages
other than C can interact with GDR via GDR files, direct interaction with
the internal representation of a graph in GDR is limited to C programs
compiled and linked with GDR. This choice was prompted by a need to
develop a working prototype quickly. The original vision, GDR as an
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independent process that interacts with other programs via messages, re-
quires further study. The advantages of such a “pure” object-oriented
approach are clear: animations could be coded in any language as long as
the appropriate message protocol was used, GDR could interact with sev-
eral programs simultaneously, or one program could interact with several
GDR displays (for example, to animate actions on a graph and an auxil-
iary data structure at the same time). The primary disadvantage is the
difficulty of implementing a communication scheme among independent
processes (while still retaining the portability of GDR).

4.5. Portability. The current implementation of GDR, because of
its use of ordinary C and plain X-Windows, can easily be ported to most
Unix-based workstations (so far we have only tested this for DEC and Sun
workstations). A feature of GDR that suggests portability to graphical
user interfaces other than X-Windows is the simplicity of the routines that
access and modify the display of the graph. It is likely that these access
routines could be rewritten for adaptation to, for example, a Macintosh
environment. Some rearrangement of the current code would be desirable
to isolate the parts that interact directly with X-Windows. This would
entail defining a higher-level portable user interface for simple graphical
interactions.

5. Conclusion

We have presented an object-oriented graph editing and animation tool
and illustrated both its present capabilities and future possibilities. A
variety of algorithm animations have been implemented for classroom
use, and GDR has been used as a research tool. GDR’s interfaces with
the user, the programmer, and with other tools have proven to be flexible
and easy to use.

Throughout this overview we have emphasized GDR’s properties as
a tool rather than a system. The overall vision we wish to articulate is
analogous to that of the software tools for text processing developed by
Kernighan and Plauger [8]. As a general-purpose text editor is central to
any collection of text-processing tools, so the graph editing capabilities
of GDR allow it to play an important role in the development of graph-
processing tools. In graph processing, there is the additional need to
visualize operations, and GDR’s animation capabilities serve as a testing,
debugging, and interactive viewing facility for other tools.
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