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Abstract. We present INTERACTIVEGIOTTO, an interactive algorithm 
for orthogonal graph drawing based on the network flow approach to 
bend minimization. 

1 I n t r o d u c t i o n  

The last fifteen years have seen an impressive growth of the number of existing 
graph drawing algorithms. Most of them have been devised with the implicit 
assumption of being used in "batch mode" and are not well suited for being a 
component of an interactive system. In fact, the typical use of an interactive sys- 
tem consists of the repetition of the following phases: the user is presented with a 
drawing of a graph (the current drawing); he/she performs a slight modification 
(an update) of the drawing, by inserting/deleting some vertices and/or edges; a 
graph drawing algorithm is executed to obtain another drawing (the new draw- 
ing). It is important that the new drawing be as similar as possible to the current 
one, in order to preserve the mental map the user has of the drawing [3, 7]. Mo- 
tivated by this type of application, various results on interactive graph drawing 
algorithms have been recently presented. See, for example, [1, 2, 4, 6, 8, 9, 13]. 

We focus our attention on interactive orthogonal graph drawing algorithms. 
We recall that in an orthogonal drawing, each vertex is represented as a rectan- 
gle and each edge is represented as a chain of alternating horizontal and vertical 
segments. Papakostas and Tollis [12] describe four scenarios for interactive or- 
thogonal graph drawing, and present algorithms for two of them. The results 
of an extensive experimental study comparing the performances of two of those 
scenarios are reported in [10]. Biedl and Kaufmann [1] present a linear time in- 
cremental algorithm for orthogonal drawings, where the vertices are given one 
at a time and their position cannot be changed after the initial placement. 

In this paper, we present INTERACTIVEGIOTTO, an interactive algorithm for 
0rthogonal graph drawing based on the network flow approach to bend mini- 
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mization. Our algorithm does not appear to fit into any of the scenarios de- 
scribed in [12]; in particular, the general shape of the drawing is preserved, as in 
the Relative-Coordinates scenario, but the coordinates of some vertices and/or 
edges may change by more than a small constant after each update. 

The rest of the paper is organized as follows: Section 2 describes INTER- 
ACTIVEGIOTTO, Section 3 illustrates the features of INTERACTIVEGIOTTO with 
two examples, and Section 4 outlines plans for future work. 

2 A Brief Description of InteractiveGiotto 

In this section we first describe GIOTTO, then we present the innovative features 
of INTERACTIVEGIOTTO, and finally we discuss how these features are realized. 

GIOTTO [16] is a successful general-purpose algorithm for producing orthog- 
onal drawings of graphs, and has been widely used in software visualization 
systems. It is composed of three steps: 

Planarization The input graph is, in general, non-planar, i.e., it cannot be drawn 
in the plane without edge crossings. In this step the graph is converted into 
a planar graph by replacing each edge crossing with a fictitious vertex. A 
heuristic is used to reduce the number of edge crossings. 

Orthogonalization In this step, GIOTTO constructs an orthogonal representation 
of the planarized graph. This representation consists of a description of the 
bends along each edge and of the angles between consecutive edges around 
each vertex. In particular, G~OTTO uses the algorithm described in [15], 
which produces an orthogonal representation with the minimum number 
of edge bends by means of a reduction to a minimum cost flow problem. 

Compaction In this step an orthogonal drawing is constructed out of the orthog- 
onal representation. The total length of the edges is minimized, again using 
a reduction to a minimum cost flow problem. 

Compared to traditional orthogonal graph drawing algorithms, INTERAC- 
TIVEGIOTTO can  preserve the following properties of the current drawing during 
an update: 

- the embedding of the graph, i.e., the circular ordering of the edges around 
each vertex; 

- the edge crossings; 
- the edge bends and, for 90 ° edge bends, also their type (left or right); 
- for each vertex, if R is the rectangle representing the vertex, the number of 

corners of R between any two consecutive edges. 

Examples illustrating these properties are presented in Section 3. In addition, 
our implementation of INTERACTIVEGIOTTO has morphing capabilities that al- 
low the transition from the current drawing to the new one to gradually take 
place on the screen. This gives the user a better idea of the modifications that 
axe taking place in the drawing. 

We now discuss how the previous properties are preserved. INTERACTIVE- 
GIOTTO is composed of three steps, similarly to GIOTTO: 
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Planarization The input to the planarization step is no longer a combinatorial 
description of a graph, as in GIOTTO, but rather a drawing of a graph. 
Accordingly, GIOTTO'S planarizer has been replaced by an algorithm that 
replaces each edge bend and edge crossing with a fictitious vertex. Edge 
crossings are detected using a segment intersection algorithm on the set of 
segments representing the edges of the graph. The embedding and the edge 
crossings of the current drawing are preserved in this step. In the implemen- 
tation we make use of LEDA, the Library of Efficient Data Structures and 
Algorithms [5]. 

Orthogonalization This step takes the embedded planar graph produced during 
the planarization and constructs an orthogonal representation preserving 
the edge bends, the type of the 90 ° edge bends, and the number of corners 
between consecutive edges around each non-fictitious vertex. This goal is 
achieved through a new algorithm inspired by that described in [14]. The 
orthogonal representation of the current graph is given by the optimal so- 
lution of a minimum cost flow problem in a particular network associated 
with the current graph. The edge bends, the type of the 90 ° edge bends, 
and the number of corners are preserved by setting a target value for the 
flow in some arcs of the network and solving the constrained minimum cost 
flow problem. Note that new bends may be introduced by the algorithm, if 
needed. 

Compaction Same as in GIOTTO. 

3 Using Interact iveGiot to  

In this section we illustrate the main features of INTERACTIVEGIOTTO through 
two examples, shown in Figs. 1 and 2. 

In the first example, the user incrementally constructs the graph in Fig. 3 
of [11]. The initial graph drawn by the user is shown in Fig. la  using grey ver- 
tices and non-orthogonal polylines. INTERACTIVEGIOTTO is executed and the 
new drawing is shown in Fig. lb using white vertices. Note how all the bends 
are preserved and how all the vertices, except one, are drawn vertically aligned 
to preserve the number of corners. The user draws other four vertices and seven 
edges, and executes INTERACTIVEGIOTTO again. Note how the crossing intro- 
duced by the user is preserved (see Fig. lc). After the next update, a new row 
and a new column are created in the middle and at the bottom of the draw- 
ing, respectively, in order to accommodate two new edges (see Fig. ld). Similar 
updates are performed in the remaining two steps (see Fig. le- lf) .  

In the second example, we describe some other features of INTERACTIVE- 
GIOTTO. This time the initial drawing, shown in Fig. 2a using white vertices, is 
not empty. In the first step, the user adds one vertex and two edges, each contain- 
ing one bend. Note how one of the edges drawn by the user crosses three existing 
edges. In the new drawing, shown in Fig. 2b, one more bend is introduced by 
INTERACTIVEGIOTTO along that edge, in order to preserve the crossings and 
the number of corners. In the next step, the vertices shown in grey in Fig. 2b 
are deleted by the user. In Fig. 2c, the user, without having redrawn the graph, 
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(a) 

(c) 

(b) 

(d) 

7 

(e) (f) 

Fig. 1. Example of use of INTERACTIVEGIOTTO: a n  incremental construction of the 
graph in Fig. 3 of [11]. 

moves the subgraph induced by the five vertices show in grey on the outside of 
the current drawing, reroutes the two existing edges connecting the subgraph 
to the rest of the graph, and adds one new edge. In the new drawing, shown in 
Fig. 2d, the shapes of the subgraph and, more importantly, of the rest of the 
graph are preserved, even though the metric has changed. Note how one of the 
(non-90 °) edge bends introduced by the user is drawn by INTERACTIVEGIOTTO 
as a 180 ° edge bend, i.e., the bend is preserved but its type is not. Finally, the 
user adds three vertices and nine edges. The drawing produced by INTERACTIVE- 
GIOTTO is shown in Fig. 2e. It should be contrasted with the drawing produced 
by GIOTTO, shown in Fig. 2f. The latter has fewer crossings and bends, a smaller 
area, and a smaller total edge length, but its shape does not resemble that of 
the drawing in Fig. 2d at all, thus not preserving the mental map the user has 
of the drawing. 
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(a) (b) 

(c) (d) 

(e) (f) 

Fig. 2. Example of use of INTERACTIVEGIOTTO. 

4 F u t u r e  W o r k  

The system presented in this paper is a first prototype. We plan to improve it 
and expand it in the following directions: 

- As in previous works on interactive orthogonal graph drawing, we consider 
graphs where the vertices have degree at most four. In a future implementa- 
tion, we will allow arbitrary degree by using a vertex expansion mechanism. 

- Currently the edge bends, the type of the 90 ° edge bends, and the number 
of corners are always preserved; this may be too restrictive. In a future im- 
plementation, it will be possible to choose whether to favor the preservation 
of the drawing or the reduction of the number of bends. In particular, the 
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user will be able to interactively specify those portions of the drawing whose 
restructuring is acceptable, and those portions of the drawing whose current 
shape should be preserved. 
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