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Abstract

This paper describes the OWL ontology explorer ONTOXPL. It is available
as a web server based on the tomcat architecture. Standard HTML browsers
can be used to interact with ONTOXPL. At least three potential user groups are
targeted by ONTOXPL’s design: (i) users with a limited background of ontologies
and OWL; (ii) ontology developers that are OWL experts; (iii) users interested
in understanding and reusing existing ontologies. ONTOXPL is intended to com-
plement existing ontology editors and does not offer any editing support. The
current implementation of ONTOXPL is based on the OWL DL reasoner RACER
and uses RACER’s extensive query interface in order to support the exploration
of OWL ontologies.

1 Introduction

Practical description logic systems play an ever-growing role for knowledge represen-
tation and reasoning research. In particular, the semantic web initiative [3] is based
on description logics (DLs) and defines important challenges for current system im-
plementations. Recently, one of the main standards for the semantic web has been
proposed: the Web Ontology Language (OWL) [17]. OWL is based on two other stan-
dards: Resource Description Format (RDF [10]) and its corresponding “vocabulary
language” RDF Schema (RDFS) [4]. In recent research efforts, these languages are
mainly considered as ontology representation languages (see e.g. [1] for an overview).
The languages are used for defining classes of so-called abstract objects. Now, many
applications start to use the RDF part of OWL for representing information about
specific abstract objects of a certain domain. Graphical editors such as OILED [2] or
PROTEGE [14] support this way of using OWL quite well.

State-of-the-art description logic (DL) inference systems such as RACER allow for
interpreting OWL ontology documents as T-boxes and A-boxes [8]. Racer accepts
the OWL DL subset [17] (with the additional restriction of approximated reasoning
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for so-called nominals and no full number restrictions for datatype properties). De-
scriptions of individuals are represented as A-boxes by the RACER System (for details
see the RACER User’s Guide [7]). Viewing the RDF part of OWL DL documents as
A-boxes provides for query languages supported by DL systems. Furthermore, graph-
ical interfaces for description logic inference systems can be used to inspect OWL
ontologies.

User interfaces are very important for practical work with description logic infer-
ence systems. An increasing number of graphical interfaces are available for existing
DL systems. One class of interfaces consists of ontology editors such as OILED [2]
and PROTEGE [14]. With these editors ontologies can be interactively built and they
can be stored, for example, as OWL documents. In addition, the editors can be used
to develop RDF documents for describing information about individuals with respect
to OWL ontologies. Applications using these OWL documents require an inference
engine that supports reasoning about individuals. Indeed, OILED and PROTEGE can
be configured to use RACER [6] as an inference engine for classifying ontologies and
for answering simple queries about individuals.

The second class of interfaces offers browsing and visualization capabilities. RICE
[13] supports the input of textual queries and displays the concept/class hierarchy of T-
boxes as outline views as well as the relational structure of A-boxes as directed graphs.
The outline view of classes is usually also supported by ontology editors but RICE
additionally supports the visualization of A-boxes. Other OWL/RDF visualization
tools or editors with visualization capabilities are, e.g., KAON [15], OntoEdit [16],
and OntoTrack [11].

The OWL ontology explorer ONTOXPL presented in this paper is intended to
complement existing ontology editors and visualization tools. It is completely based
on OWL and offers a large variety of information queries. Three potential user groups
are targeted by ONTOXPL’s design: (i) users with a limited background of ontologies
and OWL; (ii) ontology developers that are OWL experts; (iii) users interested in
understanding and reusing existing ontologies. ONTOXPL is available as a web server
based on the tomcat architecture. Standard HTML browsers can be used to interact
with ONTOXPL. Its interface makes heavy use of RACER’s extensive query interface
in order to support users when exploring OWL ontologies. The following sections give
a brief tour on using ONTOXPL and explain its rationale in more detail. Afterwards
ONTOXPL is compared with related work. This paper concludes with an outlook to
possible future work.

2 OntoXpl’s main user interface

ONTOXPL’s design is influenced by OWL (and its foundation on DLs).! Therefore, it
focuses on the three main language elements of OWL, classes/concepts, roles/properties,
and nominals/individuals.

The main command pane of ONTOXPL is shown in Figure 1. The filename of
the OWL ontology currently loaded into ONTOXPL and RACER is shown with a sum-
mary of the number of contained concept and role names (see also Section 3 for an

!The DL and OWL vocabulary is used interchangeably in this paper.
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Figure 1: ONTOXPL’s main command pane.

explanation of the example knowledge base). ONTOXPL’s interface offers eight princi-
pal browsing categories (from left to right and top to bottom): file selector, “natural
language” description, structural information, exploration of concept/property ax-
ioms, inspection of concept and role hierarchies, view of statistical information (not
yet implemented), inspection of A-box graph structures, and the interactive use of
RACER’s query language nRQL. In the following the seven implemented categories
are described.

Figure 2 shows a zoom of the first (horizontal) command pane. The left group
of commands is used to load an OWL file and generate a DIG representation of the
loaded OWL file. The middle group of commands applies to concepts, roles, and
individuals. These commands result in displaying the OWL source code (e.g., see
Figure 8) together with a “natural language” description (e.g., see Figure 7). The
“natural language” (NL) description is based on the DL notation and tries to describe
the selected item w.r.t. this notation. These NL descriptions are intended for users
with a limited background on DL and OWL. The information views of concepts (e.g.,
see the window at the left-hand side of Figure 9), roles (e.g., see Figure 10), and
individuals (e.g., see the two windows at the right-hand side of Figure 9) use RACER’s
query interface to display their (inferred) characteristics. Concepts are described by
(i) their relative position in the classification hierarchy (e.g., parent, children), (ii) the
roles occurring in the concept declarations, and (iii) the individuals that are instances
of this concept. By analogy, a role is similarly described but in addition to its position
in the role hierarchy, the concepts are listed that use this role. An individual is
described by (i) its most specific concept names (so-called types) of which it is an
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Figure 2: Zoom of the upper three command menus (from left to right): file selection,
OWL / natural language views, information page views.
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Figure 3: Zoom of the middle two command menus (from left to right): explore
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Figure 4: Zoom of the bottom two command menus (from left to right): A-box
command menu, nRQL Racer Query Language.

instance, (ii) other individuals that are instances of concepts (parents, children, etc)
related to its types.

The two implemented command groups from the middle pane are shown in Fig-
ure 3. The command group displayed on the left allows one to query about equivalent
or disjoint concept names and symmetric, inverse, and transitive roles. The other
group is concerned with concept and role hierarchies. There exist two principal ser-
vices: (i) one can browse the concept or roles hierarchies in an outline view; (ii) a data
file for the SpaceTree tool [5] is generated such that the taxonomies can be graphically
inspected.?

The last two command groups from the bottom pane are shown in Figure 4. They
are dedicated to explore A-boxes. The first command group has several search forms
to retrieve individuals and their known relationships with other individuals, to browse
relationships in an outline view or inspect the A-box structure with SpaceTree. The
second command group allows users to query A-boxes with Racer’s query language

nRQL [9].

2The hierarchy is shown as a pure tree, i.e., edges to more than one superclass are ignored.
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Figure 5: Class (left) and property hierarchy (right) of the “family” KB.
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Figure 6: Graph of the A-box relationships.
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Figure 7: “Natural Language” description of class PERSON.

3 Example scenario

The capabilities of ONTOXPL are best explored interactively. However, in this section
we try to briefly illustrate some of its main features. Let us assume that ONTOXPL is
used to explore an ontology file called “family.ow]” describing knowledge about family
members (e.g., mother, aunt) and their relationships (e.g., has-child, has-sibling). The
structure of the corresponding class and role hierarchies is shown in Figure 5 and the
structure of the A-box in Figure 6. From the T-box graph a user might be interested
in the class PERSON and selects this class for further inspection. Figure 7 shows a
“natural language” (NL) description of this class (the underlined names link to the
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Figure 8: OWL specification of class PERSON.
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Figure 9: Taxonomic information about the class PERSON (left) and the individuals
ALICE (top-right) and BETTY (bottom-right).
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Figure 10: Taxonomic information about the role HAS-CHILD.
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Figure 11: Outline view of class hierarchy (left) and all pairs of disjoint concept names
(right).

corresponding NL views) while Figure 8 displays its OWL specification (using the XML
syntax). The NL and OWL views are directly linked with the corresponding taxonomic
views. Figure 9 displays the taxonomic information about the class PERSON retrieved
from RACER. It lists ancestors, parents, children, and descendants of PERSON. It
also shows the role names used in this class specification and the individuals which
are instances of PERSON.

A user might be interested in the individual ALICE. Its taxonomic information is
shown in Figure 9, e.g., ALICE is an instance of GRANDMOTHER. This view also
lists instances of concepts that are ancestors, parents, siblings, descendants, or children
of ALICE’s most-specific subsumers (GRANDMOTHER). For instance, BETTY is
an instance of these parent classes. The corresponding information about BETTY is
shown in Figure 9. Figure 10 shows the taxonomic information about the role HAS-
CHILD. The display of inferred information in these windows is intended to help users
better understand the structure of the T-boxes and A-boxes.

In contrast to the hierarchical views displayed by using the SpaceTree tool, ON-
TOXPL also offers its own outline views for concept and role hierarchies as well as



[main]

Please input Individual Name: | Submi t
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Figure 12: Asserted and inferred role fillers of ALICE.

[main]

Please input The Racer Query Language here: [manual]

Query you just input is: (retrieve (?mather 7childl ?child2) (and (?childl human) (?child2 human) (?mother 7childl has-child) {?mother ?child2 has-child)})

(retrieve (?mother ?childl ?child2)
(and (?childl human)
| (?child2 human)
(?mother ?childl has-child)
(?mother ?child2 has-child)))

| Submit Query H reset Query |

Query Result is:

(((?MOTHER ALICE) (?CHILD1 BETTY) (?CHILD2 CHARLES)) ((?MOTHER BETTY) (?CHILD1 EVE) (?CHILD2
DORIS)) ((?MOTHER BETTY) (?CHILD1 DORIS) (?CHILD2 EVE)) ((?MOTHER ALICE) (?CHILD1 CHARLES)
(?CHILD2 BETTY)))

Figure 13: Example nRQL query and its result.

A-box structures. The left-hand side of Figure 11 shows the complete unfolded hier-
archy using an outline view. The disadvantage of this type of view is the repeated
occurrence of classes (or subtrees) that have more than one parent (e.g., FATHER,
MOTHER). The right-hand side of Figure 11 displays all pairs of disjoint concept
names.

Figure 12 displays information about the asserted and inferred role fillers of ALICE
(ordered by individual or role name). Figure 13 shows a complex nRQL [9] query
which searches for children having a common mother. The dialog box displays the
input query and its returned result in a Lisp-like notation.



4 Discussion

Currently there do not exist many stable and usable ontology visualization or explo-
ration tools (and even editors). The lack of suitable tools and their shortcomings were
one of the major motivations to design and implement ONTOXPL. The motivation for
ONTOXPL’s web server based architecture was the ease of use with standard HTML
browsers and the simple adaptation to multi-user environments. To the best of our
knowledge ONTOXPL is currently the only ontology exploration tool that is fully tar-
geted to OWL and relies on RACER’s deductive capabilities for offering users better
exploration capabilities. A detailed description of ONTOXPL and its architecture as
well as a comparison with related work can be found in [12].

Various features of ONTOXPL are also (partly) supported by ontology editors
such as PROTEGE [14] and OILED [2] or OWL/RDF visualization tools or editors
with visualization capabilities such as KAON [15], OntoEdit [16], and OntoTrack
[11]. For instance, PROTEGE also offers users a high-level (DL-like) description of the
definition of concept names if the mouse pointer is moved over these names. However,
this does not seem to be very suitable for longer concept definitions and does not
support the inspection of the occurring OWL elements via hyperlinks. ONTOXPL’s
“NL description” seems to be more readable and carefully supports the inspection of
mentioned entities via hyperlinks. RICE [13] offers visualization facilities for A-boxes
where the complete graph structure of A-boxes is displayed. ONTOXPL is restricted
to a tree-like approximation due to the underlying SpaceTree tool [5] but it works
better for larger A-boxes.

In our experience, ONTOXPL’s cross-referencing capabilities for hyperlinked con-
cept, role, and individual names help users comprehend unknown ontologies faster
than with the support offered by traditional editors.

5 Conclusion

In this paper we briefly introduced ONTOXPL, a first step toward an OWL ontology
exploration tool. ONTOXPL is intended to complement ontology editors or other on-
tology visualization tools. A recently conducted informal experiment, where about
40 students had to design and implement 15 different OWL ontologies with a size of
several hundred concept names, demonstrated that ONTOXPL provides helpful infor-
mation about ontologies that is otherwise not as easily available in ontology editors
such as PROTEGE or OILED. The implementation of the statistics command group is
underway. It is also planned to integrate query results from nRQL such that individu-
als names are recognized as hyperlinks. Another important issue is the optimization of
ONTOXPL performance for larger ontologies containing thousands of concept names.
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