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Abstract

This paper presents some of the most important features of a graph visualization framework called Tulip, devel-
oped in order to experiment with tools such as clustering, graph drawing, and metric coloring for the purpose of
information visualization. Tulip’s main characteristics are a graph hierarchy that permits and encourages sharing
of elements, and a general property evaluation mechanism that makes the software reusable and easily extend-
able. We demonstrate the efficiency of our approach by providing a complete program called Tulip which can
display, modify, cluster and automatically draw of graphs with up to 1,000,000 elements on personal computers

with 256MB of memory.

1. Introduction

Information visualization is becoming more and more use-
ful for the correct analysis of existing data sets. This need
results from progress in data acquisition methods, and from
the huge effort made to build computer access to the hu-
man knowledge. As an example, for the human genome data-
base, the raw data acquisition phase seems to be completed;
however, to reach the ultimate goal of providing new med-
ical treatment, it is necessary to understand these data. In
such an application, the information visualization challenge
is to devise tools that give humans understandable views of
the data in order to explore and extend knowledge.

Here we focus on data that can be represented by a graph.
In most of cases a graph structure can be extracted from ex-
isting data sets. The most well-known is the World Wide
Web where links between pages can be considered as edges
and pages as nodes. Another one is the human metabolism
data-set where chemical reactions can be embedded in a
Petri net, literature co-citations are modeled as edges be-
tween nodes of this network, and metabolic pathway are con-
sidered as clusters of the resulting graph.

Systems to visualize graphs have come to the fore during
the last ten years. 17:1219,26,18,6,14.2 Tg our knowledge, no
one provides the following capabilities simultaneously :

e Visualization and navigation in 2 or 3 dimensions.
e Support of huge graphs.
e Support of graph modifications.
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e Management of clusters.

e Management of unbounded number of shared properties
between graphs.

e A mechanism for evaluating internal properties.

e Extension and reuse without recompilation of the soft-
ware.

o Free of use and open source.

To experiment with tools to handle graphs of the size of
those induced by the human genome data set, one needs a
software solution with all these capabilities. That’s why we
decided to build our own graph visualization software that
meets these requirements. Tulip has been developed in C++,
and uses two well-known libraries, OpenGL* and Qt2. The
final program enables visualization, clustering and automatic
drawing of graphs with up to 1,000,000 elements on personal
computer with 256 MB of memory.

After some definitions, this paper presents an overview of
the Tulip data structure. Then it introduces the reader to the
set of properties implemented in Tulip in order to make a
graph visualization program. Subsequently, after a presen-
tation of the software human computer interface, we give a
sample implementation of a plug-in and then we conclude
with a brief overview of existing plug-ins.

2. Definitions

This section introduce some definitions about graphs and the
data structure that we use in what following.
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Definition 1 (Graph) Let V and E C V x V be two sets.
We call graph the structure < V,E >. We note it G(V,E).
Elements of V are called nodes, and elements of E are called
edges. Let e= (u,Vv) be an edge; we call u the source and v
the target.

Definition 2 (Sub-Graph) Let G(V,E) and G'(V',E") two
graphs. G'(V',E) is a sub-graph of G(V,E) if V' c V and
E' CE. We note it G' < G. Respectively, we call G(V, E) an
upper-graph of G' (V' ,E").

Definition 3 (Induced Sub-Graph) Let G(V,E), G'(V',E)
with G' < G, G’ is an induced sub-graph of G iff E' =
{e(u,v) € Elu,veV'}.

Definition 4 (Cluster Tree) A cluster tree is a tree T(V,E)
that represents a hierarchy of graphs. Each node n€ V repre-
sents a graph Gn and for each edge € = (u,v) € E, Gy < Gu.

Definition 5 (Property) Let K1,K» two sets. A property of a
graph G(V, E) is a pair of functions {F, :V — K1,Fg : E —
K2}. Such a property will be denoted by .

The above definition allows one to abstract the concept of
graph attributes without using object programming terminol-

0ogy.

Definition 6 (PropertyContainer) We call a PropertyCon-
tainer of a graph G(V, E) the structure < L, P,F >. L is a set
of labels, P is a set of properties and F is a function from L
to P. For each T € P, Gj = G or G < Gj. We note it 1°.

This definition is also given in order to abstract the concept
of PropertyContainer, in the following we will discuss how
the set of properties and labels are built, and we describe
precisely how the function F maps labels to properties.

Definition 7 (SuperGraph) We call SuperGraph the struc-
ture < G(V, E), MC,C >. Cis a Cluster Tree in which the
root node represents G.

Definition 8 (Graph View) Let G'(V/,E") < G(V,E). We
call graph view the structure < G'(V/,E'),N% , Sg,n >. S
is a SuperGraph, n is the node in the cluster tree of Ss that
represents G' (V' E').

3. Data structure.

We want to handle graphs having 1,000,000 of elements
(nodes and edges). In this case, memory management is a
crucial factor for building an efficient framework. In order
to limit memory swapping and the processor cache faults,
one must put a special emphasis on the trade-off between
memory space and processor time use. Furthermore, to our
knowledge the best size bounds of grid layout algorithms are
O(n?)15. Thus, taking into account resolution of computer
screens, it is hard to give understandable view of graphs with
more than 1,000 nodes. Therefore, for huge graphs, we must
provide clustering mechanisms for reducing manually or au-
tomatically the size of data during the visualization process.

3.1. Graph hierarchy

In Tulip, clustering is done by using the SuperGraph and
GraphView structures introduced above. Viewing a graph hi-
erarchy through a cluster tree and a set of subgraphs allows
us to have only one graph in memory and to provide access
to it through views. Thus, a view can be considered as a fil-
ter on the graph stored in memory. In the figure 1, one can
see a graph G and a set of clusters {G1, Gz, G3, G4, Gs}. In
this example, clusters are sub-graphs induced by the nodes
inside colored boxes. The figure 2 is the cluster tree that rep-
resents the hierarchy of graphs of the figure 1. On the tree
edges of the figure 2, boxes represent adjustable filters. The
idea of adjustable filters is to store in memory a minimum
of information in order to rebuild clusters dynamically. For
instance, for the filter F2 it is better to store the difference
between G, and G if one wants to minimize the memory us-
age. At the contrary, for the filter F3 it is better to store all
nodes and edges of Gg.

G G2

G4

Gl

Figure 1: A clustered graph

G2

1

Gl

Figure 2: The cluster hierarchy

To maintain the coherence of the data structure one must
add some precision on the modification operations. When
one wants to add a node or edge in a cluster, this node or edge
must be inserted into all upper-graphs of the cluster. When
one wants to delete a node or edge in a cluster, this node or
edge must be deleted from all the sub-graphs of the cluster.
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In practical cases of graph visualization, the processor time
cost due to the management of the hierarchy coherence is
offset by reduction in memory use and by the improvement
of important operations such as graph cloning or element
sharing.

3.2. Graph attributes

We now introduce attribute management in Tulip. An at-
tribute is a value attached to a node or an edge. In a graph
visualization framework we can divide the attributes in two
types, the ones predefined in the data or set by the user and
the ones computed by algorithms provided by the frame-
work. For instance, when we load a labeled graph, the
nodes’ labels are predefined attributes, and when we com-
pute a graph layout, the nodes’ coordinates are computed
attributes. It is easy to see that in both cases, we can ab-
stract the attributes with the Property definition introduced
above. In Tulip, this abstraction allows optimization of the
memory use. For instance, setting to zero all elements of a
graph G(V, E) is equivalent to building a property (Fy : N —
{0},Fe : E — {0}). It also enables one to include useful
mechanisms such as buffered evaluation of recursive func-
tions. To include such an improvement we construct prop-
erties called proxies which use other properties. Information
about proxies can be found in the Design Pattern book writ-
ten by Gamma and al”. The plug-in code example presented
in section 6 illustrates the utility of such a mechanism.

In graph visualization, one must manipulate several prop-
erties at the same time. For example, if one visualizes a file
system, files name, files size and files type are attributes of
the graph nodes. In Tulip, the PropertyContainer introduced
above is used to manage property sets. It allows one to store
an unbounded number of properties and to modify dynami-
cally the set of properties attached to a graph. For instance, it
makes it possible to store several graph drawing at the same
time.

During clustering, one wants to keep attributes on el-
ements. This is equivalent to sharing attributes between
graphs. For example, in a file system, the files names never
change even during visualization of a sub-directory. How-
ever, one also needs to be able to locally change a property
of a cluster. For instance, if a file system has been drawn with
a tree map algorithm3, it can be useful to change the draw-
ing of a sub-directory by using a tree walker algorithm2. In
this case, one can look at the structure of the sub-directory
instead of the file sizes. In Tulip, both cases are taken into
account by using the PropertyContainer and the Cluster tree.
The mechanism set-up is analogous to those included in ob-
ject languages that permit inheritance, redefinition and dy-
namic change of object structure?. The difference in Tulip
is that we allow the inheritance of data. A complete example
is presented below.

In figure 3 one can see a set of graphs with attributes. G
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is a loaded graph that contains two properties: layout and la-
bels. G1 is a spanning directed acyclic graph (DAG) of G,
due to the inheritance of properties we have directly the lay-
out and the labels of its elements without any cloning of data.
Gy is also a spanning DAG of G that has been redrawn us-
ing a DAG dedicated algorithm. In this case, we redefine the
layout properties locally to G3. Thus, labels are still inher-
ited from G and layout is contained in Gy. In the graph Gg,
one can see that to define the set of inherited properties, we
choose the nearest ones in the cluster tree. Therefore the lay-
out of Gs is the one of G, and not the one of G.

3.3. Extension mechanism

To include new features easily, a plug-in mechanism has
been builtinside Tulip. It works as follows. During initializa-
tion of Tulip data structure, Tulip’s configuration directories
are scanned to find new computed properties. Those found
are added to a property factory. Now, when one asks for a
graph property, if it doesn’t exist (locally or inherited) the
PropertyContainer queries the property factory for a com-
puted property. If one exists, after initialization and calcu-
lability checks, the property is added to the graph. If such
a computed property doesn’t exist then a data property is
created. Tulip includes other plug-ins mechanism in order
to support the addition of algorithms that are not properties.
The existing ones are the import/export of graphs, and the
clustering of graphs.

4. Graph visualization

The data structure presented above efficiently manages hier-
archies of graphs with attributes. In this section, we present
the set of properties provided inside Tulip in order to make
a graph visualization program. All the presented properties
work as the general one introduced above.

4.1. Layout

When visualizing huge graphs, hand-made drawing cannot
be done by the user. Therefore one needs algorithms to au-
tomatically assign coordinates to graph elements. Such al-
gorithms are widely studied in the literature. One can reefer
to the Dorothea Wagner and Michael Kaufmann book6 or
to the annotated bibliography written by Giuseppe Di Bat-
tista and al'© to obtain further informations on this subject.
Few algorithms are briefly presented in the section 6. In
trying to use these algorithms for information visualization
we noticed that using only one kind of drawing for the vi-
sualization is not enough to get inside data. For instance,
force-model algorithms shows up symmetries in the graph
in which it is useful to localize parts of the data which have
the same structure and upward-forward drawing shows up
information about the hierarchy inside the data. Therefore
in Tulip the layout property is the following (R/ :V — R,
Fe : E — [R¥*). To our knowledge this representation en-
ables to represent the results of all graph drawing algorithm.



4 D. Auber / Tulip

SuperGraph
PropertyContainer Graph G

Property Property
2 3
4 5
6
GraphView
PropertyContainer SubGraph Gl
Inherited 1
Layout from G 2 3
Labelsfrom G
Local

4 5
6

GraphView

PropertyContainer SubGraph G2
Inherited 1

Labelsfrom G

Layout: 1: (2,0,0)4: (0,2,0) 4

2:(1,1,05: (2,20
3:(31,06: (23,0 6

GraphView
PropertyContainer SubGraph G3

Inherited

Layout from G2
Labelsfrom G
Local

Figure 3: Inheritance of Properties

4.2. Metric

Metrics are used to make measures on graph elements. By
mapping the results of this measures to visual attributes such
as element color one can clearly show very interesting fea-
tures in the data. For instance, flow measures can be used on
graphs representing networks to highlight most used paths
during communication. To our knowledge, complete analy-
sis on how the graph theoretical measure can help to under-
stand complex data structure has not been done yet. In Tulip
the property (F/ :V — R, Fg : E = R) can be easily ex-
tended to new graph measures for studying their impact in
terms of graph visualization.

4.3. Selection

As we cannot picture exactly what the final user is look-
ing for inside data, interaction between user and data repre-
sentation must be addressed. In Tulip the selection property
(v : V — {true, false}, Fe : E — {true, false}) enables
writing of complex selection algorithm. As simple example,
one can select the induced subgraph by nodes at distance k of
a node; by making a cluster with this selection it is possible
to study locally (what is going on near a node) the properties
of a graph. In metabolism data set analysis we use it to vi-
sualize in which reactions an element participates. Selection
algorithms are also used in other algorithms such as graph
drawing. As an example some algorithms need to remove
self loops in the graph. This action is equivalent to building
a cluster using a selection algorithm that selects all nodes
and edges which are not self loops.

4.4, Color

As seen before, colors can be used to highlight information.
However, mapping graph attributes to a color model cannot

be done in the same way regarding to the attributes type and
to the attributes values. For instance, Guy Melancon and al3
posed and solved the problem of mapping real values into
colors. One of the problems is that if one makes a linear
mapping of real values into a color model, if the distribu-
tion of values is not linear users cannot perceive the color
difference. The solution proposed is based on an analysis of
histogram of values. The color property include in Tulip en-
ables to provdie such algorithms.

4,5, Size

Just like color, the size of elements can be used to show up
interesting information. As an example, when working with
two dimensional drawing the height of elements can be used.
By looking to the graph in three dimensions the user is able
to distinguish relevant elements easily. An example is given
on figure 4 where the graph as been drawn with the 2D force
directed algorithm GEM?® and elements size is computed au-
tomatically by mapping an extrinsic metric (predefined in
the data).

4.6. Shape

Until now we have discussed colors, coordinates and size of
elements, however computer graphics also enables to use the
shape of elements. In Tulip we consider a shape as an integer,
the reason of this simplification is that it enables to easily use
rendering acceleration. So to assign shape to an element one
must assign it an integer value. In practice the view module
remaps these integer values to OpenGlI! display lists which
enable a fast displaying of huge set of elements. Just like
color and size the problem of mapping attributes to a set of
shapes needs to be solved; for this reason the Shape property
has been provided to devise new mapping algorithm easily.
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4.7. Label

This property has been provided in order to attach labels to
graph elements. Even so it is hard to display labels when
presenting huge data sets. In practice, after metric computa-
tion which highlight elements the user should, by using the
selection mechanism or an automatic clustering algorithm,
obtain a graph which can be displayed quite well even with
labels.

Figure 4: Example of how visual attribute can show up in-
formation.

5. Tulip software

Carrying out tests with end users and algorithm tuning both
need a complete visualization program. The Tulip program
provides a graphical interface to visualize and edit the data
structure and properties introduced above. In this section we
describe briefly its human computer interface (HCI).

For all of the design of the HCI we have chosen to fol-
low the rules that emerge from image manipulation software.
This choice comes from an analysis of actions that need to be
performed to understand the meaning of data in huge graphs.
If we consider the set of operations the differences are not so
great as we can think. We need to select, to filter, to work
on different graphs at the same time, to cluster, to move, to
rotate, to scale etc... All these operations can be found with
slight differences in an image manipulation program.

The software is composed of two kinds of windows. The
first one is the application window which provides the gen-
eral software tools. The second is the super-graph window,
that gives access to super-graph specific operations. One can
have several super-graph windows at the same time. A snap-
shot of Tulip HCI is given in figure 5.

5.1. Application window

The application window is composed of two parts, the first
being the menu where we find all available import plug-ins.
The menu is dynamically built, thus if one adds new import
plug-ins in the framework they are automatically added to
the menu without any modification and compilation of the
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software. The second part of the application window is a tool
bar where mouse operations are available.

5.2. Super-Graph window

The super-graph window menu bars are dynamically built
by querying the factories. It thus enables one to run the
existing plug-ins and it is updated automatically if new
ones are added. The existing plug-ins types taken into ac-
count are: color, clustering, export, layout, metric, shape and
size. Other features such as the saving in image formats
(eps,bmp,jpg etc) are also available.

Visualization and navigation are available through the
3Dview sub-window. The navigation possibilities are zoom,
rotation and translation. In order to render the graph we use
the OpenGl library. When hardware acceleration is available
it enables one to display graph with about 300,000 elements
at a usable frame rate . However, when rendering is too slow
or graphs too large, we use an incremental rendering method.
The principle is to draw only part of the graph each time in
order to enable user interaction. The choice of the part to dis-
play first is done by using the Strahler metric#. The 3Dview
sub-window also allows one to move, create, delete and se-
lect graph elements in three dimensional space.

A spread-sheet visualization of properties is also provided
through the Property Editor sub-window. It enables one to
edit, create, modify and clone the local and inherited proper-
ties of a graph. Combining both 3D displaying and spread-
sheet displaying of data must be addressed in order to make
the software usable for the final end-user.

Another sub-window called the Cluster Tree window lets
one navigate and modify the cluster tree. The operations
available are those that preserve the < relation between
graphs.

6. Plug-in example

Tulip has been built to be easily extendable, and here we give
an instance of a metric source code. This source program is
the entire code needed to add a metric. One only has to com-
pile it as a shared library and put it into Tulip’s plug-in di-
rectory to make it available. It will be automatically inserted
into menu bars, and all others plug-in will have access to
it by querying the PropertyContainer for a property having
its name (here “Leaf”). This plug-in computes the number
of leaves reachable from a node of a tree. Due to the buffer
mechanism included in the framework, one only needs to
implement the core of the recursive function and the check
function.

#include <Metric.h>

struct LeafMetric:public Metric {

/IProperty context is used to give arguments to the algorithm
LeafMetric(PropertyContext *context):Metric(context){}
~LeafMetric(){}
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Figure 5: The Tulip software HCI

double getNodeValue(const node n){
double result=0;
//\We use iterator pattern to access to graph elements.
Iterator<node> *itN=superGraph->getOutNodes(n);
for(;itN->hasNext();) {
node itn=itN->next();
/[The property that we are computing is recursive,
[ltherefore a buffer is used. If the value of itn has not
I/been already set in metricProxy then the proxy do the recursive
/lcall, else the proxy return the buffered value.
result+=metricProxy->getNodeValue(itn);
}delete itN;
if (result==0) return 1.0; else return result;
}
/[This function is automatically called by the system
/lwhen necessary, it enables to verify that the algorithm
/lcan be performed on the graph.
bool check(string &erreurMsg){
if ('superGraph->isTree()) {
erreurMsg="The Graph must be a tree";
return false;}
return true;
}
}
/I\We call a macro which automatically builds the necessary
/lobject for linking the plug-in with Tulip.
METRICPLUGIN(LeafMetric,"Leaf"," Author","Date","Ver","0","1")

7. Implemented plug-ins

We are already using Tulip for our own research, it per-
mits us to quickly experiment with tools for exploring graph
structure. In this section we present briefly some of the im-
plemented plug-ins.

7.1. Metrics Plug-ins

e Tree metrics : Basic tree parameters are implemented in
Tulip: max degree, path length, Strahler 2, number of
leaves etc. These metrics are useful when visualizing data
which can be represented by a tree. For instance, when vi-
sualizing a file system tree (we omit symbolic links), the
arity max parameter, which gives the measure of the max-
imum arity of nodes in a subtree, enables to show direc-
tories which contain too much (more than others) files or
sub-directories even if we are displaying huge file system.

e DAG metrics : Two DAG metrics are available, they are
used more for graph drawing algorithm than for visual-
ization. The barycenter one is used to reduce the number
of crossing in the layout and the layer assignment one is
used to compute y-axis coordinates of layout.

e Graph metrics : Several graph parameters are included in
Tulip, for instance decomposition into strong components
is a parameter which assigns different values to nodes if
they are not in the same strong component. Using it for
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web-graph visualization enables one to show up instan-
taneously which parts of a web site unreachable from an
other. Other metrics such as cluster, and fission are also
available. Another one called Strahler graph* is used to
give information about the complexity of the graph near a
node.

7.2. Layout Plug-ins

Tree Walker : This plug-in implements the so-called tree
walker? algorithm. Its principle is to draw separately each
subtree of a node, the resulting subtrees are moved on x co-
ordinates until the distance between them is minimal without
superposition. The algorithm continues recursively until the
whole tree is drawn. See figure 6.

—_—

—

Figure 6: Tree Walker principle

Tutte layout : It is an implementation of the so-called
Tutte2* algorithm. The principle of this algorithm is to place
the nodes of a face (a cycle in the graph) of the graph on a
circle. The others nodes are placed to the barycenter of their
neighbors until no nodes move. The advantage of this algo-
rithm is that if the graph is 3-connected planar the drawing
is planar (without any edge crossing). See figure7.

Figure 7: Tutte Layout of the C7o molecule

Spring Electrical : This is an implementation of a 3D/2D
force directed algorithm. It replaces each edge by a spring
and puts an electrical repulsion force between unlinked

submitted to COMPUTER GRAPHICS Forum (4/2002).

nodes. Then it lets the system go until there is no move or
the time limit is elapsed. In practice there is a lot of ways to
write such algorithms® and the result is often good especially
for symmetrical graphs. See figure 8.

Figure 8: 3D Soring Electrical of our web site

DAG Layout : This algorithm gives an upward forward
drawing(Ve = (u,v) € G u is over v) of directed acyclic
graphs. The principle is to augment the structure of the orig-
inal DAG to obtain a proper DAG. This augmentation re-
places edges by two dummy edges and one dummy node un-
til the layer assignment metric of two linked nodes is equal
to one. After that it extracts a spanning tree of this DAG.
Then it draws the spanning tree by using a tree algorithm
and restores the original DAG by adding bends correspond-
ing to nodes that have been added during the augmentation
step. To reduce edge crossings in the drawing the tree map
(order of the children of a node) is not chosen randomly. We
use the barycenter metric to choose the map. This kind of al-
gorithm are called Sugiyama? in the literature. In Tulip we
have put a special emphasis on this algorithm in order to run
it on huge graphs and to manage different size of elements.
See figure 9.

General Graph : This algorithm replaces all self loops of
the graph by three dummy edges and two dummy nodes.
Then it extracts a spanning dag of this graph and reverses
the sense of all the edges out of the spanning dag. Like this
it transforms the original graph in an acyclic directed graph,
then it calls the Dag Layout algorithm. After it restores the
original graph by restoring the edges orientation and replac-
ing dummy nodes added for self loops by bends on the orig-
inal edges. See figure 10.

7.3. Clustering Plug-ins

e Tree clustering : Three tree clustering algorithms are
available. All of them use the statistical properties of tree
parameters in order to prune progressively the tree®. These
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Figure 9: Dag Layout principle

Figure 10: Hierarchical drawing of our web site

algorithm has been used in order to study trees coming
from a parallel compiler.

e Hierarchical : This algorithm recursively splits in two
parts the set of nodes of a graph depending to the value
of a Metric.

7.4. Selection Plug-ins

As we said before selection algorithms are useful to enable
interaction. Several algorithms are available: induced sub-
graph selection enables one to automatically select edges
between a set of nodes, the reachable subgraph described
above, a spanning DAG selection algorithm, a spanning tree
selection algorithm. Other selection plug-ins such as the se-
lection of all elements with a metric in a given range are also
available and improve the search for information inside data.

8. Comparison and benchmarks

In this section we compare execution time of simple task
on Tulip to two different softwares. The first one is AGD1?

which is based on the well-known LEDA library and is one
of the most famous graph drawing software. The second
one is GraphViz® developed by AT&T research center. The
benchmark test suite can be download at the following url:
www.tulip-software.org. The test has been done on an note-
book running at 800MHz, with 256Mo of memory. For the
displaying, the OpenGl hardware acceleration was disable in
order to limit the difference between the programs.

8.1. Loading

This test consists in measuring loading time of a graph into
memory. For each program, we have used the graph format
specific to the software. For each graph format, the layout of
the graph has been stored inside the file in order to measure
only the loading time. The results are summarized in figure
11. For each kind of graph one can see that Tulip is faster
than others, especially when the size of graphs become huge.

1000

® 100 T
o
c
§ [ Tree 12000
« M Greph B65/1361
E [ Graph S627/10289
S 10 4
GraphViz AGDILEDA Tulip
Figure 11: Loading time of graphs.
8.2. Displaying

In order to test the displaying time, we have chosen to mea-
sure the time between two redisplays after the window resiz-
ing. The results are summarized in figure 12.
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I Graph 865/1361
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Graphviz AGD/LEDA Tdip

o

Figure 12: Displaying time of graphs.
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8.3. Layout

Comparison of layout time is a more difficult task. The rea-
son is that graph drawing algorithms use heuristics in or-
der to solve NP complete problems such as crossing num-
ber minimization. For all the following results we have used
the fastest method proposed in each program in order to lay
out the graph. For tree drawing, the tree walker algorithm
has been used in AGD and Tulip; the drawings are simi-
lar, thus the algorithm implementation should be the same.
For graphs, we have used the Sugyiama layout of AGD and
GraphViz with the fastest options, and the hierarchical draw-
ing of Tulip which is a Sugyiama algorithm optimized for
huge graphs. The results are summarizes in figure 13. For
each kind of graph Tulip is faster than the others. However,
for graph layout one must take into account the quality of the
drawing which seems better on other programs, but during
the visualization process user interaction is the most impor-
tant thing and we cannot wait one hour before the displaying
of the first picture.

10000

1000

I Tree 12000
[l Graph 865/1361
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GraphViz AGD/LEDA Tulip

Figure 13: Layout computing time of graphs.

9. Conclusion

We have presented Tulip, a graph visualization program that
enables researchers to experiment with new tools easily and
obtains good speed results and memory usage. It makes it
possible to implement graph layout algorithms as well as
graph metric algorithms and can be extended to treat any
kind of graph properties. It also permits one to visualize
graphs in two or three dimension and to modify it, and
includes graph clustering function. This program is open
source and free for use under Linux, and only uses libraries
that follow the same rules.

Future work on Tulip will be to improve the tools library.
We are already planning to add graph drawing algorithms
based on topological maps such as the so-called mixed-
model1? algorithm. These algorithms will be used for the vi-
sualization of small graphs obtained with clustering meth-
ods. We are also working on graph clustering algorithms
based statistical graph structure and on a general way to in-
tegrate view tools such as the fish eye in the view modules.
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Tulip software can be downloaded at this URL :
“www.tulip — software.org”
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