Visualizing a Temporally — Enhanced Ontology
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ABSTRACT

Most ontology development methodologies and tools for ontology
management deal with ontology snapshots, i.e. they model and
manage only the most recent version of ontologies, which is
inadequate for contexts where the history of the ontology is of
interest, such as historical archives This work presents a
modeling for entity and relationship timelines in the Protégé tool,
complemented with a visualization plug-in, which enables users
to examine entity evolution along thetimeline.
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H.3.3 Information Search and Retrieval, H.5.2 User Interfaces —
Graphica User Interfaces (GUI), 1.3.6 COMPUTER GRAPHICS
- Methodology and Techniques— Interaction Techniques.

General Terms

Design.
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1. INTRODUCTION

The recent progress in the area of digital libraries and the
semantic web has lead to new ways of digitizing, organizing and
presenting the material and the incorporation of semantics in
search mechanisms. A very useful tool to this end is an ontology,
which presents an overview of the domain related to a specific
area of interest and may be used for browsing and query
refinement. Ontologies model classes and relationships in a high
level of abgtraction, providing rich semantics for humans to work
with and the required formalism for computers to perform
mechanical processing and reasoning.

ar

According to [3], an ontology is an explicit specification of a
conceptualization. The term “conceptualization” is defined as an
abgract, simplified view of the world that needs to be represented
for some purpose. It contains the objects, concepts and other
entities that are presumed to exist in some area of interest and
ther relations.

Therefore, as defined in [7], an ontology is a formal explicit
description of concepts (or classes) in a domain of discourse,
atributes of each class describing various features and properties
of the class (also called dots), and restrictions on attributes. Each
attribute has a type and could have a restricted number of allowed
values. An ingance of a class has a concrete value for each
atribute of the class An ontology together with a set of individual
instances of classes constitutes a knowledge base.

However, in some contexts, such asthat of aHistorical Archive, a
very important factor is the concept of time. Sometimes the
material that the ontology refersto covers a very large time span,
which could be a few years, decades or even centuries. This fact
results in instances and/or relationships between them that change
with the passage of time. In such cases, the ontology should be
able to reflect the evolution of the red-world, providing facilities
for designating the instants (e.g. Jan 31, 2000 19:37) or time
periods (eg. [Jan 31, 2000-Feb 17, 2000]) [4] for which each
represented real-world state is valid.

Most ontology development methodologies and tools for ontology
management deal with ontology snapshats, i.e. they model and
manage only the mos recent version of ontologies, which is
inadequate for some contexts - such as that of an historica
archive - where the organization ontology will have probably
changed in the time period covered by the archive. In this paper,
we present a modelling approach for ontologies evolving over
time and a visualization tool enabling users to efficiently explore
the ontology evolution. The rest of the paper is organized as
follows: section 2 presents related work in the aress of temporal
ontology modelling and visualization. Section 3 introduces the
requirements for temporal ontology vizualization, while section 4
presents the proposed visudization methodology, including some
information for the modelling of the ontology where appropriate.
Finally, section 5 concludes the paper and outlines future work.
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2. RELATED WORK

There are severa recent worksrelative to the subjects of ontology
versioning and evolution. The system PromptDiff [6] has been
developed in the context of a collaboraive environment for
managing ontologies in order to support ontology versioning.
Given two versions of an ontology, it allowsusersto: (1) examine
the changes between versions visualy; (2) understand the
potential effects of changes on applications; and (3) accept or
reject changes. PromptViz [11] is a tool providing advanced
visualizations using treemaps to help users understand the
location, impact, type and extent of changes that have occurred
between versions on an ontology. In [5], a different approach for
reconciling the different ontology versions with each cther is
introduced. The presented framework, that aims to provide means
for reasoning based on acomplete versioning history, includes the
generic notion of change bridge for describing ontology resource
changes, and a basic set of particular change bridge types that
conditute the class hierarchy of a change bridge ontology.
Ontology changes are represented as instances of the change
bridge types relaing classes in successive ontology versions with
each other. The change bridge ontology is represented using the
Resource Description Framework (RDF). In [2] the changes in an
ontology are handled as database operations and triggers, whereas
in [10] the abstract data type knowledge base is introduced which
contains a description logic representation and a basic set of
operations to work on it. A formalization of operations that
change the knowledge base is presented, in order to support the
evolution of ontologies. The operations can be extended or
changed to satisfy local needs.

Finaly, [1] briefly presents requirements for visualizing changes
to ontologies and [3] atempts a comparative evaluation of
ontology editors concerning the subject of function supporting
ontology evolution. A survey of techniques for visualizing
differencesisincluded in [11].

3. TEMPORALLY —ENHANCED
ONTOLOGY VISUALIZATION
REQUIREMENTS

An ontology may evolve along thetimeline in the following ways:

1. New instances may be created or existing instances may be
deleted. A single instance may also be split into two distinct
instances (e.g. Czechoslovakia is split to the Czech Republic
and Slovakia) or two instances may be merged into a single
one (eg. East and West Germany ae united to form
Germany).

2. The value of ingance attributes may change. Besides
changes of simple values (e.g. an academic’s rank could be
“Lecturer” for the period [Sep 2001-Mar 2004] and
“Assigant Professor” for the period [Apr 2004-now]), this
includes changes in relationships between classes (eg. the
relationship “President” between a “Department” and a
“Faculty member”), as well as changes in multi-valued
attributes.

3. New dasses may be added or deleted, or existing ones may
be modified by adding or removing attributes, changing their
types, changing inheritance relationships between classes,
merging or splitting classes, modifying condraints and so
forth.

Thefirst two items in the list above effectively include changes in
the content of the knowledge base, while the third item refers to
changes on the structure (or schema) of the knowledge base. If a
sysem maintains a record of al staes of the knowledge base
content, then history support [4] is provided. A system
accommodates schema evolution if the schema can be changed
without data loss, while schema versioning is provided if a record
of all schemas is maintained and each (past or current) schema
can be used for browsing and querying [12]. In this paper we will
limit our discussion to visualizing content evolution only. For the
efficient visualization of an ontology that accommodates history
support, the following requirements can be identified:

1. Direct identification of instances, attributes and relationships
that have evolved over time, as opposed to those that have
retained a constant value.

2. For items that have evolved over time, presentation of the
evolution timeline. A common query would be that of
retrieving a person’s biography, i.e. if a certain person was
ever student in the University, when the person graduated,
when the person became professor or employee in the
university, etc. Or, it would be useful to know, in the case of
the University of Athens Historical Archive Ontology, when
the department of Informatics was created and if it originated
from another department.

3. For instances that have split or merged, it should be possible
to identify their predecessors or successors.

4. It should be possible to extract a specific point-in-time of the
ontology, i.e. creation of an ontology which contains the
classes, relationships and instances that are valid for a
designated time instance. The result of this extraction is a
non-tempora ontology. This is similar to focusing on a
specifictimeinstant.

5. Facilities for extracting a specific time period of the
ontology, i.e. creation of an ontology which contains the
classes, relationships and instances that are valid for a
designated time period. The result of this extraction is a
temporal ontology. This is similar to focusing on a specific
time period.

6. A holistic view of the timeline that the archive covers should
be offered. The system should provide an overview of the
time period covered by the ontology with the ahility to zoom
in and out and select specific sub-periods or time points in
order to view the corresponding ontology.

7. Visudization of the co-evolution of different instances or
attributes should be provided. A common method of analysis
for historians is to correlate the evolution of different
parameters (e.g. urban populaion and economic growth), to
extract useful conclusions.

4, PROPOSED APPROACH

In order to address the issues concerning the management of a
temporal ontology, there is aneed for an integrated approach that
will incorporate versioning and evolution while enriching the
ingances with temporal characteristics. The following sections
summarize an approach to augmenting an ontology management
system with functions related to time.

4.1  Managing I nstance Evolution
In the context of a tempora ontology the instances may change
the values of some of their attributes. For example, the salary of a



secretary or the name of a university department may change at
some point. This is also the case with more complex attributes
such as the members of a council that may be different in different
time periods.

In order to record these changes in the instances, the class of
temporally enhanced attribute has been introduced. This data type
offersa set of pairs of the following form:

<attribute-valuel>, <time-period1>
<attribute-value2>, <time-period2>

<attribute-valuen>, <time-periodn>

where <dtribute-value> is the value of the attribute, either one of
the simple data types such as String, Integer or Float or an
instance of a class within the ontology and <time-period> is the
valid time for this value, which has a garting point and an ending
point. There is a congtraint defined so as the starting point cannot
be greater than the ending point. Tempora attributes are
subdivided to single-valued temporal attributes and multivalued
temporal attributes.

Single-valued temporal attributes may have only onevalue a a
given time period — equivalently, the time periods associated with
different attribute values may not overlap. For example, the name
attribute of a university department may be the following:

Department of Informatics [16/06/1989 — 30/6/2002]

Department of Informatics and Telecommunications [1/7/2002 —
today]

The absence of overlapping is enforced by an appropriae
congraint.

Multi-valued temporal attributes may have multiple values for
a single time point. For example, the members of a council may
be defined as follows:

John Black (12/3/2000 - 2/4/2001)
Mary Peterson (5/5/2000 — 5/6/2002)
SheilaWhite (3/12/2000 — 1/6/2002)

As seen from this example there are periods where more than one
person was amember of the council.

For accommodating the evolution of the knowledge base contents,
the ontology meta-schema has been modified, to include the
following elements:

1. Classes for representing time instants and time periods at
different granularities (eg. year, month, second) and
cdendars (e.g. Gregorian calendar, academic calendar etc).

2. A templae for single-vaued temporal attributes. Effectively,
this template maps to a multi-valued attribute with pairs of
the form (attribute-value, time-period), plus an constraint for
non-overlapping of time periods.

3. A template for multi-valued temporal attributes. Effectively,
this template maps to a multi-valued attribute with pairs of
the form (attribute-value, time-period), without any non-
overlapping constraint.

4. A number of attributes have been added to the class
template, to alow tracking of instances that have split into

multiple ones or multiple instances that have merged to a
single one. These dtributes are named “split-to” and
“merged-from”, with their inverses being “split-from” and
“merged-to”, respectively.

4.2  Temporal Ontology Visualization

In order for the user to benefit from dl the available meta-data
information concerning time in the context of the archive
ontology, there is a need for an appropriate visudization tool.
This tool could allow the user to navigate in the ontology or select
specific entities in order to view their course in time. Protégé [9]
was selected as the ontology management tool the functiondity of
which would be augmented. This is due to a number of
advantages it provides related to extensibility. It is developed with
Java and its source code available with detailed documentation for
creating plug-ins. The plug-in, named “ Entity Timeline”, consists
of four parts:

An explorer — like view of the ontology, namely the one provided
by the Protégé Class Browser. Classeswith temporal attributes are
designated by asmall clock next to their description.

An Instance View window were all the instances of a selected
class are presented. Instances that have evolved along the time
axis (any attribute has changed its value) are again designated by
agmall clock next to their instance icon. The user may tune this
indication to appear if any of some selected attributes have
evolved. Theinstance view allowsthe user to select the portion of
the time axis ghe wants to focus on. Note that by changing the
time axis portion, instances may disappear (when their lifeline
ceases to intersect with the displayed portion) or appear (if their
lifeline did not formerly intersect with the selected time axis
portion, but now does). The user may tune the visudization to
grey-out instances that “do not exit” in the selected time axis
portion, rather than totally hide them.
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Figurel. TheInstance View with clocks next to theinstances
that have changed during the selected time period.

A Timeline that is visualized as an horizontally placed bar at the
top of the main visualization window.

The Main Visualization window which offers several options.
The user may select time periods or time points from the Timeline
and view the ontology (or ontologies) that correspond to this
period. When more than one versions are presented, the Main
window is divided in the appropriate number of parts for their
representation and the parts that have changed in a version are
highlighted.

Furthermore, the user may select a class or instance and view its
course over the selected period. This is accomplished with the
Entity Timeline visudization. This visualization is somewhat
smilar to the Lifelines [8] visualization used to represent
information related to a specific person adong a time axis but it
has been adapted to the special characteristics of an ontology. The
user may select which attributes of the selected class or instance
she wishes to investigate on the selected time-period. The simple



type non-temporal attributes like names, dates of birth, etc are
displayed on the Entity Timeline. Temporal atributes of type
“Ingtance’ or “Class” are links to their information.

This is presented in the following example. The user has chosen
to visudize the depatment of Informatics and
Telecommunications for the time period 19802005 and has
checked the attributes “Name’, “Edablishment-Date” and
“Chairman” in the appropriate Attribute Pand which appears
when clicking on “Seect Attributes’. The requested information
isvisualized in Figure 2.

On the upper part the Timeline is presented. The user may
perform actions with it like selecting time points and periods by
clicking on the Timeline. Hisher selections are highlighted. When
needed the Timeline expands or retracts accordingly. The user
may also select an ingance or class and view its lifeling, asin the
figure.
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Figure2. Entity Timelineplug—in Protégé.

The upper part of the table is atimeline of dates (in this example
years) when changes to the selected entity (class or instance)
occurred, within the time period selected by the user. The second
row is the entity name and the following ones contain the selected
attribute values. In this case, the user may see that the department
of our example darted in 1985 as an Undergraduate Studies
Program and became a Department in 1990 named “Department
of Informatics’. S/he may also see tha its name changed to
“Department of Informatics and Telecommunications’ in 2000.
The names of the professors that served as chairmen during this
period are also visible.

Besides the visualization tabs described above, two more
operations are available from the menus, allowing the user to
extract a specific point-in-time of the ontology and a specific time
period of the ontology, respectively. The result of the former
operation is a standard “snapshot ontology” which may be
visualized using any standard Protégé plugin, whereas the result
of the latter operaion is a temporal ontology, on which any
visualization method described above may be applied.

5. CONCLUSIONSAND FUTURE
WORK

This work presents an environment for the definition and
visualization of different ontology versions and changes in
instances that cover a specific time span. It is implemented as a
Protégé plug-in. The current version does not contain the
implementation of a query mechanism supporting complex

queries. As a future step, this mechanism will be implemented.
Furthermore, a thorough evaluation of the system will be carried
out, in order to investigate its efficiency. Incorporation of
ontology evolution and ontology versioning capabilities will aso
be considered.
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