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ABSTRACT

59

Protégé is one of the most popular tools of the ontology visualization. The “Protégé” tools are being
applied for further development in various disciplines for better understanding of knowledge. These tools
commonly use four methods of ontology visualization, namely, indented list, node-link and tree,
zoomable, and focus+context. The purpose of this work is to present a study on application of these four
methods in the development of different kinds of protégé visualization tools and categorize their
characteristics and features so that it assists in method selection and promotes further future research in
the area of ontology visualization.
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1. INTRODUCTION

An ontology is a conceptualization of a domain into machine readable format [7]. Ontologies
are becoming increasingly popular modelling schemas for knowledge management services and
applications. Focus on developing tools to graphically visualise ontologies is rising to aid their
assessment and analysis. Graph visualisation helps to browse and comprehend the structure of
ontologies. Protégé [21] is one of the most widely used ontology development tools that were
developed at Stanford University. Protégé provides an intuitive editor for ontologies and has
extensions for ontology visualization, project management, software engineering and other
modelling tasks. An ontology, according to the definition in [20] is a formal explicit description
of a domain, consisting of classes, which are the concepts found in the domain. Classes are
organized in a specialization/generalization hierarchy through is-a (or inheritance) links, where
each class is allowed to have zero, one or multiple parent classes. Each class has properties (or
slots) describing various features of the modelled class. Slots are typed, and allowed types are
either simple types (strings, numbers, booleans or enumerations) or instances of other classes
(references); restriction on the value ranges of slots (e.g. integers from 1 to 10) may also be
defined. Finally, instantiation may be applied to classes to produce items corresponding to
individual objects in the domain of discourse (instances). Each instance has a concrete value for
each property of the class it belongs to. Classes, together with instances are said to constitute the
knowledge base. From the definition above, it is evident that the task of visualizing the full set
of ontology features is not an easy one. The properties of ontology are summarized as follows:
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® Hierarchy. A type of organization that, like a tree, branches into more specific units, each
of which is “owned” by the higher-level unit immediately above.

o Properties representation. More than a hierarchy, as it concepts are described by using
restrictions on properties.

e Level of detail. Possibility to choose till which level an ontology to be provided.

® History. The concepts that were chosen in the previous steps.

e Filtering. Ontologies could contain hundreds of properties. The user can be interested in
only the subset of the ontology, based on the central concept and the properties of the
user’s choice.

® Multiple geometrical views. The representation of the graph in different geometrical
models to better understand the structure of ontology.

e Zoom semantic/geometric. 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 provides the possibility to see more/less details of the object by zooming
in/out.

A number of ontology visualizations exist that have been embedded in ontology management
tools (e.g. [23] and [11]) and are used as information retrieval aids in applications that use
ontologies [13]. Evaluations of ontology visualization effectiveness, however, are up to this
point scarce: [14] presents some user experiments focused on tree visualization systems,
whereas [12] reports on preliminary results from a user study involving four visualization
methods. They are indented list, node-link and tree, zoomable, and focus+context. A number of
visualisation techniques have been described over the years, such as spanning tree layouts, tree-
maps [10], fisheye views [4], hyperbolic [15] and 3D hyperbolic layouts [17], aiming to help
comprehend and analyse complex information structures. Preference of visualisation models
vary according to users needs and query context [5]. It is also dependant on the type and extent
of the visualised network. Using a combination of integrated visualisations of various types has
shown to be sometimes beneficial [19][24]. Complex networks of multi dimensional
hierarchies and arbitrary relations are becoming common characteristics of current ontologies.
Tools that discriminate against some of these features, for example by supporting spanning trees
or hierarchical relations only, might not be appropriate for comprehensive ontology
visualisation. Ontologies, together with their Knowledge Bases (KBs), could grow into very
large information networks, especially if aimed at providing scalable services for the Semantic
Web [1]. Visualising large networks has always been challenging [26]. [8] surveyed a wide
range of visualisation techniques and concluded that all existing algorithms have a size limit
afterwhich they cannot cope. [18] and [8] stressed the importance of reducing the visualised
graphs into smaller sized sub graphs that users can browse to visualise other parts of the
network. Ontologies are semantically rich by definition. Ontology visualisers should therefore
turn some of these semanticsmore explicit [26]. Spring-layout algorithms [3] are example
techniques that display semantically similar nodes closer to each other. Such layouts could help
users to quickly recognise dense areas and interrelated objects in their ontologies and KBs. In
this paper we conduct a survey on existing ontology visualization techniques & protégé
ontology tools and present a summary of various features and capabilities of the existing
techniques & tools respectively. The purpose of this work is to assist the researchers of
ontologies to understand more about this domain and to extend their research activities in new
directions.

This paper is structured as follows: Section 2 gives an overview of protégé and its
services. Next, Section 3 presents the complete survey of different ontology visualization
methods and their usage in the design of protégé tools. A discussion is also presented in Section
4 on comparison of various features and capabilities of different existing protégé tools. Finally,
Section 5 concludes this paper.
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2. PROTEGE

Protégé-2000 [16] is a very popular knowledge-modelling tool developed at Stanford
University. Ontologies and knowledge-bases can be edited interactively within Protégé and
accessed with a graphical user interface and Java API. Protégé can be extended with pluggable
components to add new functionalities and services. There exists an increasing number of plug-
ins offering a variety of additional features, such as extra ontology management tools,
multimedia support, querying and reasoning engines, problem solving methods, etc. Protégé
implements a rich set of knowledge-modelling structures and actions that support the creation,
visualization, and manipulation of ontologies in various representation formats. Protégé gives
support for building the ontologies that are frame-based, in accordance with the Open
Knowledge Base Connectivity protocol (OKBC). The extended version of frame based system
was introduced in 2003 to support OWL with an advantage of semantic web version. There are
various forms such as RDF(s), OWL and XML Schema in which protégé ontology can be
exported. The following are various plug-ins available in protégé.

e JSave - To generate java class defintion stubs for protégé classes
(http://protege.stanford.edu/plugins/ jsave/).
e Protégé Web Browser — Allows users to share protégé ontologies over the intenet .

o WordNet plug-in - An interface to  WordNet knowledge base
(http://protege.stanford.edu/plug-ins/wordnettab/wordnet_tab.html).

e XML  Schema -  Transforms a  protégé knowledge into XML
(http://faculty.washington.edu/gennari/Protege-plugins/ XMLBackend /
XMLBackend.html).

e  UML Plug-in — Generates an XML schema file describing protégé knowledge model
and an XML file (http://protege.stanford.edu/plug-ins/uml/).

¢ DataGenie — Allows reading and creating knowledge model from RDBMS using JDBC
(http://faculty.washington.edu/gennari/Protege-plugins/ DataGenie/index.html).

¢ Docgen - To create reports describing ontologies  (http://protege-
docgen.sourceforge.net/).

e JessTab — Provides a Jess console window to interact with Jess while running protégé
(http://www.ida.liu.se/~her/JessTab/).

e Algernon — Performs forward and backward inference of frame based knowledge bases
(http:/algernonj.sourceforge.net/doc/algernon-protege.html).

e PROMT - Allows to manage multiple ontologies with in protégé.

e OWL-S Editor — Allows loading, creating, managing and visualizing OWL-S
services(http://owlseditor.semwebcentral.org/).

3. ONTOLOGY VISUALIZATION METHODS IN PROTEGE
3.1. The Indented list method

The indented list methods represent the taxonomy of the ontology following the file system
explorer-tree view. These methods are intuitive and simple to implement, representing is-a
inheritance relationships through the indented list paradigm, with subclasses appearing below
their super classes and indented to the right. Users may navigate within the class hierarchy and
expand or retract branches; when a class (or multiple classes) is (are) selected in the hierarchy
pane as also confirmed by the results of a user evaluation [12]. The following figure 1 is
example of the indented list method.
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Figure 1: Protégé Class browser

3.1.1. Protégé Class browser

It is a tool developed by protégé using indented list method. The protégé class browser consists
in its simplicity of representation, and also familiarity to the user. Secondly it offers a clear view
of all the class names and their hierarchy. Thirdly, its retraction and expand of nodes in useful
features specific for focusing on specific parts of the hierarchy, especially for large hierarchies.
Also the open source software is readily available of this. Figure 1 sums up its main
characteristics. However, the protégé class browser has certain limitations. Its technique is that
it can represent a tree and not a graph. Consequently it can display inheritance (is-a) relations,
and not role relations. This does not support visual representation of the role relations. It cannot
expand all and, not retract all buttons in protégé class browser. Above all, there will be
zoomable view and no overview window display.

3.2. Node link and Tree

The node-link and tree methods represent another approach frequently used for ontology
visualization. The ontology is represented as a set of interconnected nodes. They offer a good
overview of the hierarchy and connections, but may produce cluttered displays when used to
visualize more than hundred of nodes. The figure 2 and figure 3 are examples of node-link and
tree method.
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Figure 2: Protégé OntoViz visualization.
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3.2.1. Protégé OntoViz visualization

The Protégé OntoViz is a tool based on the node-link and tree method with 2D view. The
Protégé OntoViz has many merits. It provides an intuitive way for hierarchy representation. The
ontology is presented as a 2D graph. It has the capability of each class to present, apart from the
name, its properties and inheritance and also relations. Its instances are displayed in different
colors. A right clicking on the graph allows the user to zoom-in as well as zoom-out. Another
merit is that it has an overview window display. The above figure 2 represents the Protégé
OntoViz tab visualization. However, the Protégé OntoViz has two serious limitations. It has no
keyword search availability and relation link. Also it has no retraction and expansion of nodes.

Geomstry

Figure 3: OntoSphere visualization (a) Root Focus view (b) Tree Focus view.

3.2.1. OntoSphere

The Protégé OntoSphere is another tool using the node-link and tree method with 3D view. The
Protégé OntoSphere has one important merit. It makes three different views available for the
user viz. Root focus scene, tree focus scene and concept focus scene. However there are three
limitations. Overview taxonomy structure cannot be viewed. Properties cannot be visualized and
also there is no overview window display. The figure 3 represents the OntoSphere visualization
tab. The figure 3(a) represents Root focus view and figure 3(b) represents Tree focus view.

3.3. Zoomable method

The zoomable methods present the nodes in the lower levels of the hierarchy nested inside their
parents and with smaller size. The user may zoom-in to the child nodes to enlarge them. Node
nesting is also used for instance-of relationships, thus a class node contains both its subclasses
and its instances; the user may distinguish between the class-type and instance-type nodes
through their color. These methods seem to be successful for browsing to locate specific nodes.
The figure 4 is example of zoomable method.
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Figure 4:. The Jambalaya tab in Protégé with Class Browser on the left.
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3.3.1. Jambalaya

The Jambalaya protégé tool uses the visualization method of zoomable with 2D view. It has the
following merits: it makes all animated transitions available; it uses the ShriMP [Simple
Hierarchical Multi-Perspective] 3D visualization technique; it can display overview window
display; it helps to view the history/ back and forward. Also it has certain limitations. Properties
can be displayed in embedded form only when the selected node is zoomed-in. There will be no
retraction and expansion of nodes. Further movement and / or rotation of graphs are not
available. The above figure 4 shows the Jambalaya protégé tool.

3.4. Focus+Context method

The focus + context methods present the node on the focus in the centre and the
connected nodes around it, usually reduced in size. According to this technique nodes
(classes) repel one another, whereas the edges (links) attract them, thus nodes that are
semantically similar are placed closed to one another. This technique is effective to
provide global overviews, to focus on specific nodes, and for quick browsing.
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Figure 5: Protégé TGVizTab

3.4.1. Protégé TGVizTab

This tool is designed based on focus+Context method. One of its special characteristics includes
interactive and adjust to the user commands as nodes move. It makes animated transitions
available. The figure 5 represents the protégé TGVizTab. It has also some limitations. First
there is no consensus regarding its visualization. Second, it makes a chaotic view of hierarchy.
Next, there is no extraction and retraction view and movement and /or rotation of the graph.
Finally, there is no relational link representation.
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4. DISCUSSION

Tables 1(a) and 1(b) summarize ontology visualization characteristics in protégé tools. In
Protégé class browser, classes are presented as nodes in an indented, expandable and rectangle
tree. Instances are displayed in a separate window. In Protégé Ontoviz, classes are represented
in rectangle nodes with different colors. In OntoSphere, they are represented as spheres. When it
comes to Jambalaya, they are represented as rectangles inside their parent nodes. In Protégé
TGVizTab, classes and instances are represented as labels of different colors. In Protégé class
browser, hierarchy can not be displayed. In Protégé Ontoviz visualization, the child nodes are
placed under the parent ones and linked with an  “is-@” link. In OntoSphere, there are two
views. In tree focus view, child nodes are under their parent. In root focus view, the roots can be
shown. In Jambalaya, lower levels are represented with smaller size rectangles and placed inside
their parent nodes. Finally TGVizTab, lower level nodes are displayed around their parents and
connected with them, with a “sub” link.

Tablel(a): Summary of the ontology visualization characteristics in protégé tools.

L Protégé Protégé .y
Protégé Tool Class OntoViz  |OntoSphere Jambalay Profege
name . .. a TGVizTab
browser visualization
Ontology . .
technique indented list node-link | node-link zoomable | focus+context
and tree and tree
used
Dimension 2D 2D 3D 2D 2D
Classes -
nodes of Represente
indented, Rectangle |Classes and pd as Classes and
expandable | nodes with | instances instances are
Classes & . rectangles
and different color are . . | represented as
Instances inside their
retractable [for classes and|represented labels of
. Parent .
tree. Instances| instances. |as spheres. node different colors.
- in a separate ’
window.
Lower
The child levels are | Lower level
In the Tree |represented| nodes are
nodes are . . .
Focus View|  with displayed
placed under | .. . .
Class . child nodes|smaller size| around their
. Not available.| the parent
hierarchy are placed | rectangles | parent and
ones and . .
. . under their | and placed |connected with
linked with an . . . )
o ay s parent. |inside their| it, witha
isa” link. o e s
parent sub” link.
nodes.
The child
Child nodes . nodeis oy idnodes|  There is a
. The child node] connected .
Multiple are placed |. . . .| are placed | link from the
. . is Linked with| to both its
inheritance under both . |under both | node to both
all the parents.| parents in .
parents. TreeFocus parents. its parents.
View.
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With the case of multiple inheritance, in protégé class browser, child nodes can be placed under

both parents. When it comes to protégé Ontoviz visualization, the child node can be linked with
all the parents. In OntoSphere, the child node can be connected to both its parents in tree focus
view. In Jambalaya, child nodes can be placed under both parents. In TGVizTab, there will be a
link from the node to both its parents.

Table1(b): Summary of the ontology visualization characteristics in protégé tools.

Protégé Protége Protégé Protégé
Tool name Class .Ont.Osz. OntoSphere| Jambalaya TGVizTab
browser | visualization
Supported
Supported In Concept thrr(())uegr}iigiie
PP They are Focus | PP Links with
through the . . and as
Role . represented |View links| . labels on
. properties . directed
relations . with labelled |are used to| ,. . mouse over
window . links with
links. denote role . are used.
only. . their label
relations. | . .
visible as a
tool tip.
Displayed
. . as an
Displayed in . embedded | Displayed in a
. a Displayed on Not .
Properties . form if the separate
separate the node available. .
. selected window.
window. .
node is
zoomed-in.
Available Possibility
to select the
only for the Only works on
type of the
Keyword already Not the
. Not . searched
Search and |visible nodes . available | . part of the
o . . available. item and .
Filtering | in the class search ontology that is
and instance already visible.
. between the
windows.
results.
No. of 1000 to
nodes 100010 1350 1odes | 10000 |Up to 1000| 1000 to 10000
10000 nodes nodes
supported nodes
Available Open
Available as a asa P Open Source,
Open ey ‘2 source, .
Protégé Protégé . available as a
Software Source, l . available as p
R, . [Protégé plug-in L 2 Protégé
availability | available at . . a Protégé o
. .- |Project] plug- in Pl [Protégé]
[Protégé]. 5 [Protégé] :
in. [OntoSph ; plug-in.
ere]. plug-in.

In Protégé class browser, role relations cannot be viewed. But it is supported through the
property window. In protégé Ontoviz visualization, it can be represented with labelled links. In
OntoSphere, concept focus views are used to denote role relations. In Jambalaya, role relations
are supported through the propertied and as directed links with their label visible as a tool tip.
In protégé TGVizTab, role relations will be displayed when the mouse point is moved over the
node. In protégé class browser, properties are displayed in a separate window. In protégé
Ontoviz visualization, properties are displayed on the node. In Jambalaya, properties are

8
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displayed as an embedded form if the selected node is zoomed-in. In protégé TGVizTab,
properties are displayed in a separate window. But in OntoSphere, the properties cannot be
viewed. In protégé class browser, key word search and filtering option are available only for the
visible nodes. In Jambalaya, key word search and filtering options are supported with the
possibility to select the type of the searched item and search between the results. In protégé
TGVizTab option works only on the part of the ontology that is already visible. In Ontoviz and
OntoSphere key word search and filtering options are not provided. Table 2 gives a summary of
the interaction and navigation support of protégé tools. The protégé tools are available in two
different main versions such as protégé_3.4.4 and protégé_4.1_beta. The main difference is that
the later version supports ontograph feature.

Table2: Summary of the interaction and navigation support of protégé tools.

L Protégé Protégé s
Protégé Tool ) Protégé
Name Class . Ont.onz. OntoSphere | Jambalaya TGVizTab
browser VlSMClllZClthﬂ
Retraction
&Expansion of Yes Yes No No Yes
nodes /
pruning
Movement and
/ or rotation of No No Yes No Yes
the graph
Movement and
/ or rotation of Yes Yes Yes Yes Yes
the view point
Zooming No Yes No Yes Yes
Ov.erVIew No Yes No No Yes
window
History back No No No Yes No
and forward
Anlmat.ed No No No Yes Yes
transactions
5. CONCLUSION

Much work has been done in the field of graph and hierarchy visualization both in
2D and 3D. The visualization of ontologies using protégé tool is a particular sub
problem of this area with many implications due to the various features that an ontology
visualization should present. The current work is an attempt to summarize the research
that has been done so far in this area, providing an overview of the protégé tools and
their main advantages and limitations. As seen from the survey and the information
provided in the tables 1 and 2, it can be concluded, there is no one specific method that
seems to be the most appropriate for all applications and, consequently, a viable
solution is providing the user with several visualizations, so as to be able to choose the
one that is the most appropriate for one’s current needs.
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