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Abstract. OWL Ontology language can be very expressive. This could
provide difficulty in ontology understanding process. We belief, that an
ontology visualization equipped with intuitive interactions can simplify
this process, and help the user during ontology exploration and develop-
ment.
We introduce an approach representing an ontology with two different
tree visualization techniques: the node-link technique, and the contain-
ment technique. These two representations show the structure of an on-
tology differently. The former, represents an ontology as a graph struc-
ture. This graph structure, based on the ontology hierarchy and proper-
ties, can be explored in different geometries: Euclidean, hyperbolic and
spherical.
The second representation shows only the hierarchical structure. The
design of the containment approach is implemented in a non-standard
way. In place of traditional two-dimensional space-filling techniques, we
elaborate on the sphere-packing approach and make our hierarchy visual-
ization three-dimensional. We augment this technique with the semantic
zoom functionality, where the level of detail is a function of a distance
from the viewer.
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1 Introduction

Currently, scientists have recognized the importance of modeling and represen-
tation their knowledge by means of ontologies. The OWL [1] ontology language,
which is the W3C recommendation, provides the possibility for modelers to make
their knowledge machine understandable, sharable and amenable for reasoning
tools. Currently, there are different tools available for modeling and editing on-
tologies, e.g. Protégé [2] and OntoEdit [3].

Although a lot of work has been done in the field of the ontology modeling,
editing, and reasoning, the area of ontology visualization is still insufficiently
investigated. From a comprehensive survey [4] we can conclude that there is
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no visualization tools available which can visualize a given ontology in differ-
ent geometrical models, instead the visualization is mostly limited to a single
geometry and dimension, e.g. OntoRama [5] is a RDF browser visualizing an on-
tology as a graph laid out in a Poincaré-like Disk (two-dimensional, hyperbolic),
TGVizTab [6] is an ontology visualization plugin for Protégé based on Touch-
Graph [7] technology (two-dimensional, Euclidean), OntoSphere [8] proposes
a node-link visualization build around a selected concept in three-dimensional
space (three-dimensional, Euclidean).

From the survey [4] it also follows that most visualization tools are devoted
to representation of the hierarchical part of ontology. However, most domains
are not so simple that they can be modeled as a taxonomy, because domain’s
concepts can be related to each other by means of other kind of relations, besides
the sub/super class.

In this work we elaborate on our multi-view ontology visualization method [9],
and combine two graph drawing techniques, e.g. node-link and containment. In
the former, the ontology is represented as a graph structure, which is visual-
ized in Euclidean, hyperbolic and spherical geometry. These geometrical models
are visualized in two- and three-dimensional space. Beside the different geome-
try representation, we provide a possibility to visualize a knowledge base with
all properties not restricted to taxonomic sub/super class relations. Each con-
cept can be visualized with different level of depth and with selected subset of
properties.

With the containment approach we visualize the hierarchical tree structure
of an ontology. We drew the inspiration from CropCircles [10], but we base
our visualization on sphere-packing technique instead of two-dimensional space-
filling techniques as it was done in previous methods [10–12]. The visualization
is further augmented with the semantic zoom, where the user by zooming in/our
can control the level of detail (level of hierarchy) in the visualization.

2 Requirements

1. Hierarchy. Because the backbone of an ontology is the hierarchy, a visual-
ization tool should represent the hierarchical structure.

2. Properties representation. Most ontologies are more than a hierarchy.
Frequently the concepts are described by using restrictions on properties.

3. Level of detail. It should be possible to select the level of detail in a visu-
alization. Ontologies from medical and biological domains can be very large
and can require extensive computational and memory resources, this could
slow down the application. Moreover, it can be difficult to understand the
whole ontology shown in one visualization window. In our approach we pro-
vide the possibility to choose till which level an ontology will be visualized.

4. History. The user can return to the concepts that were chosen in the pre-
vious steps.

5. Filtering. Ontologies could contain hundreds of properties, e.g. NCI The-
saurus [13], interconnecting the concepts. The user can be interested in only
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the subset of the ontology, based on the central concept and the properties
of the user’s choice.

6. Multiple geometrical views. The representation of the graph in different
geometrical models can help the user to better understand the structure of
an ontology. The evidence for this assertion is already shown [14].

7. Zoom semantic/geometric. An visualization tool equipped with semantic
and geometric zoom interactions could help the user to see more or less
details during ontology exploration. With the geometric zoom the visualized
object is scaled when the user zooms in/out. The semantic zoom provide the
possibility to see more/less details of the object by zooming in/out. With
our containment approach the user can see the higher/lower levels of the
hierarchy, when zooming in/out.

Further we will describe our visualization approach in context of these require-
ments.

3 Transformation to Visual Representation

In order to represent an ontology in a structure amenable for a visual repre-
sentation we need to transform it to a graph or a tree data structure. In our
approach, the graph structure is the basis for the node-link representation, and
the hierarchical tree structure is the basis for the containment representation.

3.1 Graph Generation

The formal basis for OWL ontologies is provided by Description Logics [15] con-
structors. These constructors can be very complicated. In medical domains, e.g.
NCI Thesaurus, ontology concepts are frequently defined as union of intersec-
tions of other concepts, e.g. C � A � ((∃R1.B1 �B2) � (C1 � ∃R2.C2)). Because
of the diversity and complexity of DL constructors, we need to find a way to
represent both the taxonomy as well as other kinds of connections between the
concepts. In our node-link approach we represent ontology as a graph structure.
We use OWL-API [16] and reasoner services [17] to generate a taxonomy and
infer other kind of relationships between concepts. In this approach the graph
nodes with multiple parents are not cloned, but introduced only once and con-
nected with the parents when it is needed. The transformation to the graph
structure happens as follows:

1. The reasoner finds all subclasses of the given concept C: If B � C then C is
connected to B with a red edge.

2. The reasoner finds all superclasses of the given concept C: If C � B then C
is connected to B with a green edge.

3. Inferring that C and E are related to each other via R requires extraction
of properties from axioms of the concept. Then the reasoner can be asked
whether the concept C � ¬∃R.E is satisfiable, if not then it is necessary for
the class C to have the property R with the filler E.
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This procedure begins with the root concept and recursively calls itself till the
certain level of depth is reached. This level of depth is a parameter of the user
interface. Although the properties make sense in context of individuals, we use
them to describe the classes in an ontology. We can justify our method, because
we choose only the properties which are necessary for the given class.

3.2 Hierarchical Tree Representation

The skeleton for the containment visualization approach is the subsumption
hierarchy that represents subclass relationships between concepts in an ontology.
This hierarchical graph can be generated from the told hierarchy1 or from the
inferred hierarchy2. However, the hierarchy is not a tree but a directed acyclic
graph, because classes in ontologies can have multiple parents. To adapt this
graph structure to the tree representation, we clone each node when it has more
than one parent. The tree generations begins with the root node (Thing). The
procedure visit direct subclasses of Thing and add them to the children set of the
root node. Then, the procedure call itself recursively on each node. When this
walk reach a node that is already visited from some other parent, the node will
be cloned, but the subtree of this cloned node will not be visited/visualized for
the second time. Although the introduction of clones of classes can be confusing
for the user, because the visualization shows more classes than there are actually
present in an ontology, it is unavoidable by this representation.

4 Visualization

Two different visualization techniques represent ontology structure in different
ways. In this section we describe this approaches separately.

4.1 Visualization of Node-Link Representation

The visualized graph data-structure is directly generated from the ontology
(OWL/OBO serialization) by means of the transformation process (see Sect. 3.1).
The graph can be generated for different levels of depth. In the visualization a
user can navigate through the graph and expand each concept. When the con-
cept is expanded, the graph structure for this concept is generated. The level
of depth is the parameter provided by the user interface. During the ontology
exploration the user can return to the previously chosen concepts.

In addition, a simple keyword search interface is provided, where the user can
retrieve the concepts which are syntactical related to the given query term. The
search is implemented as a string comparison between the query and annotated
properties of all concepts in the ontology. The concepts that match the query
1 Told hierarchy reasoning is very simple form of the reasoning, where the subsumption

hierarchy is directly extracted from ontology axioms, this simple reasoner is part of
the OWL-API [16].

2 Inferred hierarchy is generated with the Pellet [17] reasoner.
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term are presented to the user in a list (list box element). From this list a concept
can be chosen (mouse interaction) and the corresponding graph structure for this
concept will be generated.

Because with this method we are visualizing the graph structure, we have
equipped the user interface with a path search functionality. After the user have
inserted two query terms the paths between these terms will be searched in the
ontology. All paths with the length less than 4 will be represented in a list. After
that, the path of interest can be chosen.

4.2 Representations of Views Based on Different Geometry

Fig. 1: Visualization of ontology with Sphere, Disk and Stereographic models.

We have implemented two Euclidean views; i.e. Sphere and Disk. In the
Sphere visualization, the root concept is placed in the center of the visualization
window. The sub/super classes and related concepts surround the root concept
and are evenly spaced on the imaginary sphere surface (see Fig. 1). Two other
representations, i.e. the Klein Model, and the Poincaré Disk model (see Fig. 2),
are based on the hyperbolic geometry and realize the so called ”focus + context”
techniques [18, 19]. In addition, we have also implemented the Stereographic view
(see Fig. 1), where the graph structure is laid out at the surface of a sphere. All
the views are augmented with the corresponding geometrical transformations.
In Euclidean view the Euclidean transforms are implemented, whereas for the
Klein model the hyperbolic transforms [20] are applied, and in Poincaré model
the Möbius transformations are used.

4.3 Visualization with Containment Approach

The tree skeleton for the containment approach is built as previously described
(see Sect. 3.2). The nodes are places on the surface of a sphere in the hierarchical
layers. The fist layer is formed with the direct children of Thing. The second
layer is formed by the children nodes of the nodes of the first layers. Each node
is represented as are spherical cap, where the spherical cap area depends on
the leaf number of the corresponding node. The children nodes are sorted in
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Fig. 2: Visualization of ontology with hyperbolic geometry. The left figure shows the
Klein model, and the right figure shows the Poincaré model.

descending order on the basis of the leaf number. The corresponding children
caps are nested in the parental cap, and are placed at the surface of the sphere,
which has a bigger radius, to give an impression of a relief in the visualization. We
can compare the nodes of the first layer with the continents on the surface of the
Earth. The nodes of the second layers, then, will represent countries inside the
continents. The nodes of the third layer will represent the provinces or republics.

Semantical Zoom In our approach we introduce the semantical zoom tech-
nique which augments the standard mouse zoom functionality with the semantic
zoom. In the case of the geometrical zoom, when the visualized object approaches
the viewer the representation of that object is not changed, but only scaled. With
the semantic zooming the distance change triggers the activation or deactivation
of the details. In the case of the visualization of a hierarchy, the closer the sphere
representing an ontology is, the more levels of the hierarchy are visualized (see
Fig. 3.) Using this technique the user can explore a hierarchy in a simple and an
intuitive manner.

Fig. 3: Consecutive changes of the levels of ontology during zooming in. The labels of
nodes can be retrieved on demand and are not shown here.
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5 Conclusion and Discussion

In this paper we have described our ontology visualization approach. We have
elaborated on two tree visualization techniques, e.g. node-link and containment,
and combined them in one ontology visualization tool.

Each geometrical representation has its advantages and shortcomings. There-
fore, the question which view fits best for an ontology does have more than one
answer. Representation of an ontology with multiple geometrical views can help
the user to better understand the ontology, because different geometries empha-
size the graph structures differently.

The global information, i.e. what this domain is about, what are concepts in
this domain, is well visualized with the hyperbolic geometries. Alternatively, if
we want to see the local context of the concept of interest, then the Euclidean
views are more suitable.

In Euclidean geometry each graph node needs the equivalent space for its
visual representation. However, the backbone of the graph is a spanning tree
structure, and number of nodes increases exponentially in the tree. This is the
reason why Euclidean views are only sufficient for a small number of layers; from
our experience not more than three.

The hyperbolic views offer a possibility to use more space, because the cir-
cumference of the circle in the hyperbolic plane increases exponentially with the
radius. This is the reason why the hyperbolic geometries are more suitable for
the representation of global visualization of larger structures.

With the stereographic view the user can benefit from 3D representation of
the graph, laid out at the plane, because this graph is mapped at the surface
of the hemisphere with the stereographic projection. This view, however, shares
the disadvantages with the Euclidean view, because the individual nodes in the
deeper layers are difficult to distinguish in a crowd of concepts.

The containment representation in our approach is suitable for representation
of a hierarchical structure of an ontology. We assert this on the basis of the fact
that other containment ontology visualization approaches, like Jambalaya [11]
are very popular in ontology community, however, Jambalaya shows only part of
the hierarchy, and needs multiple interaction steps in order to comprehend the
hierarchy. In our approach the hierarchy of an ontology can be explored intu-
itively, by using standard zoom functionality, which is enhanced with semantic
zoom technique. Although our method is meant to visualize the whole hierarchy,
at this moment it is only suitable for small ontologies. We will work further on
solving this problem.

Our visualization methodology is available on-line [21] for probing and in-
spection as a Java Web Start application.
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