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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 set of requirements for the modeling and
visualization of a temporal ontology used as a tool for the
representation of historical information. In accordance to these
requirements, a visualization plug-in was designed and
implemented, featuring a set of tools that enable users to
efficiently examine ontology temporal characteristics such as
class and instance evolution along the timeline.

Index Terms— ontology, time, visualization method, entity
timeline

|. INTRODUCTION

The recent progress in the area of digital libraries and the
semantic web has lead to new ways of digitizing, organizing
and presenting library material, enhanced with the
incorporation of semantics. To this end an ontology can be a
very useful tool, 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 concepts
and relationshipsin ahigh level of abstraction, providing rich
semantics for humans to work with and the required
formalism for computers to perform mechanical processing
and reasoning.

An ontology may be also used for organizing knowledge
related to a gpecific organization or domain. The
representational model it offers may be used for knowledge
classification and indexing, which will be subsequently
exploited for information retrieval, either for educational or
research purposes. Especiadly in the context of a Historical
Archive, an ontology may be used for recording historical
information extracted from the archive documents. In such an
environment an ontology is of particular importance bath for
browsing and querying, since the historical archive material
may either be unavailable in eectronic format or available as
scanned images, hindering thus the use of other computer-
assisted information retrieval methods such as full text
search.

However in such a context a very important factor is the

concept of time. In this case, the material that the ontology
refers to covers a large time span, which can extend to some
decades or even centuries. This fact results in classes,
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 real-world, providing facilities
for designating the time ingtants (e.g. Jan 31, 2000 19:37) or
periods (e.g. [Jan 31, 2000-Feb 17, 2000]) [7] for which each
represented real-world stateisvalid.

Most ontology development methodologies and tools for
ontology management deal with ontology snapshats, i.e. they
model and manage only the most recent version of ontologies,
which is inadequate for contexts where previous versions of
the ontology are required to offer complete information. In
this paper, we present a modeling approach for ontologies
that are evolving over time, its implementation in the Protégé
tool, and a visualization plug-in enabling users to efficiently
explore the ontol ogy evol ution.

The rest of the paper is organized as follows: the next two
sections present related work in the areas of temporal
ontology modeling and visualization, and provide some useful
definitions.  Section  “Historical ~ Archive  Ontology
Requirements’ introduces the reguirements for temporal
ontology modeling, while section “Proposed Approach”
presents the proposed modeling and visualization for the
temporal characteristics of the ontology; useful heuristics for
investigating relations between entities are proposed as well.
Finaly, the last section concludes the paper and outlines
future work.

Il. RELATED WORK

There are severa recent works related to ontology
versoning and evolution. The system PromptDiff [11] has
been developed in the context of a collaborative environment
for managing ontologies, in order to support ontology
versioning. Given two versions of an ontology, it allows users
to: (1) examine the changes between versions visualy; (2)
understand the potentia effects of changes on applications,
and (3) accept or reject changes. PromptViz [16] is a tool
providing advanced visualization using Treemaps to hep
users understand the location, impact, type and extent of
changes that have occurred between versions of an ontol ogy.

In [9], a different approach for reconciling the different
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ontology versons with each other is introduced. The
presented framework, which aims to provide means for
reasoning based on a complete versioning history, includes
the generic notion of a change bridge for describing ontology
resource changes, and a basic set of particular change bridge
types that congtitute the class hierarchy of a change bridge
ontology. Ontology changes are represented as instances of
the change bridge types rdating concepts in successive
ontology versons with each other. The change bridge
ontology is represented using the Resource Description
Framework (RDF). In [3] the changes in an ontology are
handled as database operations and triggers, whereas in [15]
the abgract 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.

Finally, [2] briefly presents requirements for visualizing
changes to ontologies and [5] attempts a comparative
evaluation of ontology editors concerning the subject of
function supporting ontology evolution. A survey of
techniques for visualizing differencesisincluded in [16].

All the previoudy mentioned approaches propase solutions
that deal with either ontology versioning or evolution from
the ontology designer point of view, meaning that the
evolution of the ontology is treated as an issue for the
ontology creators in order to keep track of changes to the
ontology. An ontology for a historical archive however, as it
represents temporally evolving information, should provide
means for modding time information as well. Furthermore,
systems incorporating verson management mostly give the
ability to modify an ontology and save different versions of it,
but do not facilitate version time stamping, browsing and
querying across multiple versions, or tracking of how the
ontology evolved from one version to another. The approach
proposed in this paper attempts to complement the existing
versioning and evolution approaches by treating evolving
ontologies as integral articles, allowing users to fully exploit
the tempora dimension in both querying and browsing. The
modedling constructs are complemented with visualization
aids to further assist the users in their exploration and
browsing tasks.

1. DEFINITIONS

According to [5], an ontology is an explicit specification of
a conceptualization. The term “conceptualization” is defined
as an abdtract, smplified 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 the relations that hold them. The term “ontol ogy”
is borrowed from philosophy, where an ontology is a
sysematic account of Existence. For knowledge-based
sysems what “exists’ is exactly that which can be (and has

been) represented.

Therefore, as defined in [12], an ontology is a formal
explicit description of concepts, or classes in a domain of
discourse. Properties -or dots- of each class describe various
features and attributes of the class, and restrictions on slots
(called facets or role descriptions) state conditions that must
aways hold to guarantee the semantic integrity of the
ontology. Each dot has a type and could have a restricted
number of allowed values. Allowed classes for dots of type
Instance are often called arange of adot. An ontology along
with a set of individual instances of classes constitutes a
knowledge base.

A more mathematical definition can be found in [1] and
may be adapted to the terminology used by Protégé as follows:

Anontology isatriple O = (C, S, isa) where:

1) C={cy Cy..., Cy} iSaSat of classes, where each class ¢
refersto a set of real world objects (class instances),

2) S={s,S,.., S} isaset of slots, where each dot 5 could
refer to:

a  aproperty of a class, which for example may be an
Integer or String

b. a binary typed role i.e. the representation of a
relation between classes.

3) isa ={isa, isa, ..., isa} is a set of inheritance
relationships defined between classes. Inheritance
relationships carry subset semantics and define a partial
order over classes, organizing classes into one or more
tree structures.

In order to accommodate the individual instances, this
definition can be extended with afourth dement | = {iy, iy,...,
iq}, Where every i, is an instance of some class ¢, 1 C Each
instance i, includes a concrete value for every slot s,
associated with ¢, or its ancestors (as defined by the isa set).

Ontologies can be represented as directed graphs where
nodes correspond to classes and instances and links to roles
and isa relationships.

Ontologies may be enriched with axioms and production
rules [4]. Axioms modd sentences that are always true. They
are included in an ontology for several purposes, such as
congtraining its information, verifying its correctness or
deducing new information. Production rules follow the
structure If... Then... and are used to express sets of actions
and heurigtics which can be represented independently from
the way they will be used.

Regarding the accommodation of changes in the ontology,
if a system maintains a record of al states of the knowledge
base content, then history support [7] 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 [17].



IV. HISTORICAL ARCHIVE ONTOLOGY
REQUIREMENTS

As previously mentioned, an ontology is a structure
inherently more complex than a hierarchy of concepts, as
each class has its dlots and it may be related through them
with other classes or it may have more than one parents. A
number of basic requirements can be identified for ontology
management tools including fundamental ontology editing
(adding, deleting and modifying classes, properties, relations
and instances), browsing and querying mechanisms for
locating information of interest to the users, and ontology
visualization for more effective identification of patterns or
relations in the ontology. Support for various ontology
formats can be useful for interoperability purposes, whereas
groupware editing facilities (version check-in and check-out,
version reconciliation ec) can prove vauable in
environments where more than one person are involved in the
ontology development process.

The previoudy mentioned functions are more or less
offered by most ontology editors. However, thisis not the case
with functionality related to the representation of the
temporal characteristics of an ontology. Although there is a
number of ontology editors like Protégé [14] that support
versioning and ontology comparison, whereas other editors,
like Kaon [8], include support for ontology evolution, they do
not offer the functionality required for modding and
visualizing an ontology with temporal characteristics i.e. an
ontology that contains the history of itsindividual classes and
instances. The purpose of the present work is to provide a
comprehensive mode for modding and visualizing class and
instance evolution and integrate this modd into an ontology
management tool, formulating thus an environment for
definition, querying, browsing, updating and visualizing
snapshot and temporally-enriched ontologies alike.

A. Ontology Evolution Operations

In order to compile a set of requirements concerning the
management of the time aspect of an ontology, besides the
bibliographic resources employed [3, 7, 9, 10, 11, 13, 14, 16],
structured interviews were conducted with the University of
Athens Historical Archive personnd and users. The purpose
of these interviews was to provide useful insight as to how
users search or browse the material, and what their needs are
regarding time issues. The results of these interviews are till
being analyzed and have not been published yet, however
some first insight as to how historians search the available
material and how they conduct their research has aided the
identification of the requirements presented in the following
sections.

Furthermore, the query log of the historical archive
(containing queries submitted by researchers to the historical
archive personnel for retrieval of documents relevant to the
researchers’ interests) was surveyed, since it also congtitutes a
useful source of information as to what kind of queries an

ontology related to the archive material should support.

After investigating user needs, several conclusions were
drawn concerning the requirements that a temporaly
enhanced ontology should satisfy. Firstly, the content of the
knowledge base, i.e. the ingtances, may evolve aong the
timeinein the following ways:

1) New class instances may be created (eg. a new
University Department is founded).

2) Exigting instances may cease to be valid (e.g. a Professor
retires).

3) A sgngle insance may aso be split into two distinct
instances (e.g. a department is split into two)

4) Two instances may be merged into a single one (e.g. two
chairs are merged to form a department).

5) The vaue of instance slots may change. Besides changes
of smple 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 instances
(e.g. the value of the relationship “Chairman” between
an instance of “Department” and an instance of “Faculty
member”), as well as changes in multi-valued slots.

Complementary to changes on instances, changes on the
structure (or schema) of the ontology may also occur, in order
to reflect the changes to the represented universe of discourse
with the passage of time. The following list summarizes the
types of changes that may occur in an existing ontology,
adapted from the change types presented in [10] after taking
into account the results of structured interviews.

1) Creation of a new class C. The dass is simply
incorporated into the schema. For example, at some point
the profession of “Calligrapher” was incorporated in the
University Organization

2) Deletion of a cdlass C. This happens when a class is no
longer valid. At some point the “Calligrapher” dassisno
longer valid as this professon becomes obsolete.
However, there have been cases in the university history
that a class ceasesto bevalid at some point and reappears
after a certain time period.

3) Moadification of a class C. This case includes changing
the name of the class or adding, removing or changing its
dlots. It may also mean moving the class to another part
of the hierarchy. As a simple example, the “e-mail
address’ dot has to be added to the “Person” dlass,
although it was not valid for this dass until a few
decades ago.

4) Merge dasses Cy, C,, ..., C, into Cp.e.g. the classes
“Chair Professor” and “Chair Assistant” may be merged
into asingle class “Teaching and Research Staff”.

5) Split adass C, in severa dasses Cy, C,, ..., C, eg. the
class “Podgraduate student” may be split into “MsC
student”, “Doctoral student” and “Postdoctoral student”.



B. Higorical Archive Ontology Visualization Tools
Requirements

Regarding the Historical Archive users needs for
information retrieval and visualization, most commonly cited
in both structured interviews and the user queries was found
to be the need for extracting information reevant to the
evolution of a class or instance in the university. The
biography of a person or the history of a department were
common queries posed by many researchers. Another point of
interest to researchers is the set of events that took place in a
specific date or period, for example “how many professors
were elected during a specific year” or “which structura
reforms took place in a designated period”.

In order to gain further insght into which time-reated
ontology operations are required, an experiment was
conducted [18]. One of its purposes was to identify what tools
and e ements could be added to an existing ontology editor in
order to accommodate for modeling and presentation of
historical data through the ontology. The experiment setup
and results are briefly presented in the following section.

1) An experiment for user requirement definition

For the experiment we used the context of the University of
Athens Historical Archive. An ontology of the University of
Athens was created with Time instants and Time Periods
mode ed as ontology classes [19]. This part of the ontology is
shown in Figure 1. We used this approach because (a) Protégé
does not provide data types for representing dates and periods
and (b) we wanted to investigate if this representation of time
would provide any added functionality to the visualization.

Validity time periods were added to classes and instances.
Historical information concerning the evolution of classes or
instances was presented to the user as comments. For
example, for the department of Chemistry a user could read a
comment like “It was established as the evolution of the
Organic and Inorganic Chemistry Chairs’. In the case of
persons no comments as to their previous roles in the
university were added. This was decided in order to smulate
the fact that it is not aways clear in the context of the
historical archive if two references to a person with a specific
name actually refer to the same person or two distinct persons
with the same name. Our purpose was to see how the users
would handle the queries requesting a person’s biographical
information when a reference to a person existed as an
instance of more than one classes.

Most of the users that participated to the experiment were
sudents of history-rdated departments, and researchers
working in the Department of Informatics and
Telecommunications of the University of Athens. All these
users had some knowledge regarding the concepts of the
“University” domain but a varying degree of computer
expertise. The user group was composed of 5 men and 9
women. Eight of them are students or researchers of computer
science related departments, while the remaining six are
students or researchers that have at least once visited the

Athens University Historical Archive or another Archive for
research purposes.

During the experiment the users were asked to complete a
set of information retrieval tasks ranging form simple ones,
such as finding the establishment date of a department, to
complex ones such as retrieving information about the history
of a department or a person’s biography. Four different
Protégé [14] ontology visualizations were used in order to
also obtain comparative results as to the efficiency of these
visualizations in information retrieval [18]. The users mostly
used browsing for the information retrieval tasks, employing
search only when the visualization permitted it. Task
completion time was recorded, as well as whether the answer
was erroneous or incomplete. User comments and actions
during the experiment were al so transcribed.
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Fig. 1 Themodding of timein the historical archive ontology
The conclusions drawn by the analysis of user comments
and actions are the following:

1) All usersthought that it would be useful to have a direct
connection to previous states of an instance -something
like an entity history- among the instance information, in
order to have direct access to this information. The
implicit reference to the past state of an entity through
the “comment” dlot did not lead the mgjority of the users
to further investigate the instances mentioned in the
comment. As a result, the percentage of incomplete
answers to questions of this type was more than 80%.

2) Many users expected to find useful information in the
“Time’ classes, such as eventsrelated to certain dates.

3) In the case of person biographies where no reference had




been made to previous roles of the person in the instance
information, the way users faced the task falls in two
general categories:

(a) Some users were satisfied by retrieving only one of
the instances related to the person with the given name.
For example, if they located the “ Undergraduate Student”
instance related to the person, they were satisfied with
the result, ignoring the existing “Postgraduate Student”
instance.

(b) Others located all the instances but did not seem to
wonder if these instances represent in fact the same
person. Only a small part of the users, which were the
more experienced history researchers, seemed to wonder
about that point and used the given information, such us
the date of birth, to verify if theinstances actually refer to
the same person. Finaly, two of the researchers
employed a more organized search Strategy, starting their
search from the instances that should correspond to the
first steps of a person in a university and moving up the
hierarchy, for example checking first the “Student”
classes and moving to “Researcher Personnd”,
“Teaching Assigants’ and “Professors’. One researcher
even excluded whole sub-hierarchies of the ontology with
observations of the type “If this person has been a
Lecturer, s/he could not also be a Secretary”.

4) Browsing aone seemed insufficient in al the
visualizations used. All the users commented on it and
thought that it would be really useful to be able to
combine an ontology visualization with an effective
keyword search.

5) Asafinal point, it should be noted here the enthusiasm
with which history researchers with little computer
expertise viewed the representation of information with
an ontology. They commented very postively on the
organization and concentration of information and the
ability to navigate easily from one part of the ontology to
the other.

2) Historical Archive Ontology Visualization Requirements

For the efficient visualization of an ontology that
accommodates history support, a set of tools that support the
previously listed ontology evolution operations and
information retrieval tasks should be developed. More
specifically, the following requirements can be identified:

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

2) For itemsthat 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 a 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 classes that have split or merged, it should be
possible to identify their predecessors or successors.

4) 1t 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-temporal ontology. This is smilar to
focusing on a specific time instant.

5) Fecilities for extracting a specific “time dice’ of the
ontology, i.e. creation of an ontology which contains the
classes, relationships and instances that are vaid for a
designated time period. The result of this extraction is a
temporal ontology. This is similar to focusing on a
specific time period. This extraction should be made
either by explicitly defining a time period of interest or
implicitly by choosing an ingtance or class the validity
period of which will provide the time frame for the
ontology extraction.

6) A halistic view of the timdine that the archive covers
should be offered. The system should provide an
overview of the time period covered by the ontology with
the ability to zoom in and out and sdlect specific sub-
periods or time points in order to view the corresponding
ontol ogy.

7) Visualization of the “co-evolution” of different class
instances or slots should be provided. A common method
of analysis for historians is to correlate the evolution of
different parameters (e.g. urban population and economic
growth), to extract useful conclusions.

8) Presentation of eventsthat took place on a specific date.

V. PROPOSED APPROACH

In order to address the issues concerning the management
of an higtorical archive ontology, thereisa need for enriching
classes and ingtances with temporal characterisics and
creating a set of tools for presenting the temporal aspects of
an historical archive ontology. The following sections
summarize an approach to augmenting an ontology
management system with functionsrelated to time.

A. Historical Archive Ontology Modeling

As previoudy mentioned, ontology schema evolution is
accomplished if the schema is changed without loss of data.
This means that all operations that transform the schema by
addition, change or ddetion of classes should be performed by
making appropriate changes to the affected instances. In the
case of atemporally enhanced ontology, where class evolution
is of itsdf interesting for the user, the ontology model should
provide the means for expressly representing each type of
change, in order to ensure their availability to the user. To
this end, a number of fields have been added into the ontology
meta-schema, effectively being thus incorporated to all
ontology eements, namely classes, instances and dots. The



new dots are described in the following paragraphs.

Validity Period. Thisisa dot containing one or moretime
periods, representing the periods when the specific class,
instance or slot exists or is meaningful in the context of the
universe of discourse.

Next. This slot is used when an ontology element is no
longer valid and should be replaced by another eement or
edements. For example, if a student named “John Smith”
graduates and starts to work as a researcher, the “Next” field
in the old instance (of class “Student”) is set to point to the
new instance (of class “Researcher”). The “Next” dot may
also be assigned multiple values to alow for modding the
cases that the class, instance or slot was split in two or more;
in such cases the ot valueis a set of references to the classes,
instances or dots that the current element (class, instance or
dot, regpectively) has been split into.

Previous. This dot is assigned a link to the ontology
element (or elements) that the current e ement has replaced.
For example, if a department was previously an
interdisciplinary  undergraduate  study  program, the
“previous’ dlot of the “Department” is set to point to the
“Interdisciplinary Undergraduate Study Program”. Or if the
class, instance or slot was a result of merging two or more
items, then thisfiedd is assigned with a set of referencesto the
classes, instances or slots the current element has originated
from.

In the context of a temporal ontology, the instances may
change the values of some of their dots. For example, the
salary of a secretary or the name of a university department
may change at some point. Thisis also the case with set-typed
dots, 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
concept of temporally enhanced slot has been introduced.
This data type accepts as value a set of pairs of the following
form:

<glot-value;>, <time-period;>

<glot-value,>, <time-period,>

<glot-value,>, <time-period,>

where <dot-value> is the value of the slat, either one of the
smple data types such as String, Integer or Float or an
instance of a class within the ontology, while <time-period>
isthe valid time for this value, which has a starting point and
an ending point. There is a congraint defined so as the
darting point cannot be greater than the ending point.
Temporal slots are subdivided to single-valued temporal dots
and multi-valued temporal dots.

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

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

Department of Informatics and Teecommunications

[1/7/2002 — today]

The absence of overlapping is enforced by an appropriate
congraint.

Multi-valued temporal slots 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]

Sheila White [3/12/2000 — 1/6/2002]

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

For accommodating the evolution of the knowledge base
contents, two design options have been investigated. The first
was to modify the ontology meta-schema in order to include
the following € ements:

1) Classes for representing time instants and time periods at
different granularities (eg. year, month, second) and
cadendars (eg. Gregorian calendar, academic calendar
etc), as shown in Figure 1.

2) A template for single-valued temporal slots. Effectively,
this template maps to a multi-valued attribute with pairs
of the form (slot-value, time-period), plus a congtraint for
non-overlapping of time periods.

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

Figure 2 presents an example of a temporal slot modeled in
the ontology meta-schema. The “Name Evolution” dot
presents changes to the name of the department from the date
of its establishment whereas the “Chairman” slot depicts two
consecutive department chairmen.
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Fig. 2. Examplesof Tempora Slotsfor the“ Department of Informatics and
Telecommunications’ instance.

The second option was to implement these elements as build-

in data types in Protégé. This has lead to the creation of

t-Protégé [20], which isin fact Protégé version 3.1, enhanced
with temporal features, namdly:

1) Data types expressing time quantities — more specifically
dates (individual points in time) and periods (anchored
segments of the time axis). The precision with which the
time point may be specified varies from year-level to the
level of a second. A period is entered as a pair of dates,
enclosed in square brackets ([]) and separated with a
comma. The dates may be expressed in different
granularities, but it is required that the starting date
should be less or equal to the end date.



2) Data types for storing histories of properties of different
types (gtrings, integers, floats, booleans and instances
[i.e. relationships]). These data types implement the
notion of temporal slots as Protégé data types. These data
types are used for both single-vaued and multi-valued
dots, by appropriately setting the “Multiple’ option in
Protégé’ s slot definition screen.

4

[1837-05-22, 1862] Cthonian University
[1862, 1911] Mational University

Fig. 3 Thetemporal dot “name evolution” modeled in t-Protégé

B. Higorical Archive Ontology Visualization

In order to fecilitate the exploration of the tempora
ontology and the exploitation of the meta-data information
concerning time in the context of the archive ontology, there
isaneed for an appropriate visualization tool. Thistool could
allow the user to navigate in the ontology or sdect specific
entities in order to view their coursein time. Protégé [14] was
selected as the ontology management tool the functionality of
which would be augmented. This is due to a number of
advantages it provides rdated to extensibility. It is devel oped
using Java and its source code is available with detailed
documentation for creating plug-ins.

The desgned plug-in, named “Entity Timeine’,
implements this functionality. It consists of five parts: the
Class Browser, the Instance Pand, the Selected Entities
Panel, the Keyword Search Window, and the Visuaization
window.

Class Browser. At the left part of the plug-in window
thereis an explorer—ike view of the ontology, namey the one
provided by the Protégé Class Browser. However, this view
has been augmented in order to represent tempora
characteristics. Classes with temporal attributes are
designated by a small clock next to their description. Classes
that have evolved (through slot addition or deletion, splitting
or merging into other classes) are designated by a moving
clock next to their description, asillustrated in Fig. 4. In this
ontology, the “Personnel”, “Faculty’, “Department” and
“Section” classes contain temporal dots alowing their
instances to evolve, while the “Faculty”, “Department” and
“Section” classes have evolved themselves, in the context of
reforms within the university. It is possible aso for a class to
have evolved but to not contain temporal slots.
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Fig. 4 Class browser with temporal feature indications

Instance Panel. This is a window where al the instances
of aselected class are presented. Instances that have temporal
slots are denoted with a small clock next to their name, while
instances that have evolved along the time axis (any dot has
changed its value) are designated by a small moving clock
next to their instance icon. The user may tune this indication
to appear if any of some sdected slots have evolved. When
the user selects the portion of the time axis ¥he wants to
focus on, 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 visualization to
grey-out instances that “do not exig” in the selected time axis
portion, rather than totally hide them. Note that in Figure 5
al instances belong to the same class, thus they all marked
with “static” clocks, indicating that they have tempora dots;
in cases however that instances of different classes are
displayed, “static” clocks will appear as needed.

INSTANCE BROWSER
Drepai tiveenit
AW oe @ X -
|e Departrert of Bioloay =8
| # Department of Cremistry =8

| # Department of Informatics and Telecommunications ;Q
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| # Departmsrt of Plvysics ng_'

Fig. 5 The Instance View with dlocks next to the instances that have changed
during the selected time period.

Selected Entities Panel. This is a window placed at the
[eft upper part of the Timeline plug-in tab where the user may
place the instances or class s’he wishes to inspect with the
Entity Timeline visualization. The panel has a toolbar which
allows the user to make various configurations concerning the
evolution indication beside the classes or instances or the
disappearance or graying-out of instances or classes that are
not valid at a specific time period.

At the right part of the plug-in window there is a tabbed
pane with two tabs, the Search tab and the Visualization tab.



Keyword Search. At the right part of the plug-in window
there is a keyword search tool (Figure 6), enabling the user to
locate instances or classes. The results are presented in a
tabular fashion, listing for each matching item the class
name, instance name (if appropriate), matched dot(s) and
matched value(s). The user may click on aresult item to view
it in more detail. Users may also constrain the results to a
specific time period, which may be defined with the use of the
time axis.

In some cases it may be interesting for the researcher to
view available information for a specific date or period. This
may be accomplished by providing a date in the search tool.
Thus the user may sdect a date and view, for example, if
departments where established, professors where elected or
books published at that specific date.

Main Visualization. This window visualizes the evolution
of entities along the timeline.

At the upper part aTimelineisvisible. The user may sdlect
the time period of interest through the Timeline and view the
ontology that corresponds to this period. Only classes and
instances that are valid in the selected period are displayed;

[
'|/Search | “isuslization |

the rest are normally invisible, but the user may configure the
plug-in to display them as grayed-out. Severa tools are
available for representing the higtoric information modeled
within the ontol ogy.

Entity Timeline. The user may sdlect one or more classes
or instances and view their course over the sdlected period.
This is accomplished with the Entity Timeline visualization.
This visualization is somewhat similar to the Lifelines [13]
visualization used to represent information related to a
specific person along a time axis but it has been adapted to
the special characteristics of an ontology.
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Fig. 6 The Search Tab in the Protégé Entity Timeline plug-in. A part of the results for the keyword “ Department” constrained in the period 1900 to 2003 are
presented.

The plug-in firstly determines the selected entity's
predecessors and successors by following the “previous’ and
“next” links iteratively, until the timeline ends are reached.
Once the entities involved in the evolution are determined,
they may be visualized using one of the two following
options:

(@) A color—coded table (Fig. 7). The selected entity is
presented with its previous ones on the left and the next ones
on the right. Note that in this example, the chosen entity is
the last in the chain, thus no successors appear on itsright. If
an entity has split, then the table cell corresponding to it will

span across all rows containing its successors in the next
columns (as in the first two columns of Fig. 7), while a
similar technique is employed for entities that have merged
into asingle one (asin thelast two columns of Fig. 7).
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Fig. 7 The Evolution Timdine of the National and Capodistrian University of
Athens as represented with the table visualization

(b) A graph representation (Figure 8). The evolution of an
entity is represented by a graph where the entities involved in
the evolution are the graph nodes. Nodes are connected



through directed links, with direction from the previous to the
next node.

In both these cases the user may opt to view the entity
validity period and/or Class name along with the Entity

name. The entities whose valid time does not intersect with

the selected range are omitted or grayed-out, according to the

option the user has selected in the configuration pand.

1837 1850 1863 1878 1589 1902 1915 1028 1941 1954 1967 1980 1993 2006
| | | | | ) | |
(3
| Create Timeline | | Create Graph | [] Show Class Name  [v] Show “alidity Period

Capodistrian University (1911 - 1922)|

/

Cthonian University (1837-05-22 - 1911 )l

MNational University (1911 - 1922)J

Mational and Capodistrian University of Athens (1922 - now)I

.-

Fig. 8 The Evolution Timeline of the National and Capodistrian Universty of Athens along with the Timeline dlider for the selection of time periods of interest. The
“University” Ingtance validity periods are represented along with the Instance name, as the “ Show Validity Period” ischecked.

An important issue here is that of the history of instances.
In the case of instances that the “Previous’ and “Next” dots
have been filled in by the ontology designer it is easy to
extract the entity timeline information. There are however
cases that this information has not been recorded either
because it is not known or because it has not been added by
the ontology designer. It would be useful in this case to
provide semi-automated tools that would aid the researcher in
locating this information. These tools are based on heuristics,
and are described in more detail in section “Heurigtics for
Assging Historical Research”.

Ontology Snapshot or Time Slice Extraction. This is
accomplished automatically when the user selects a time point
or period by displaying only the instances and classes that are
valid in the specific time frame. A shortcut that has proven to
be useful in the context of the Historical Archive was to
provide the user the ability to select an entity and extract the
ontology snapshot corresponding to the selected entity’ s valid
time. This shortcut effectively relieves the researcher from the
burden of noting down the validity time and then setting the
timeline markers (see Fig. 8) accordingly. For example, one
could select as focal instance the “Othonian University”
instance of the “University” class, which is in fact the
Universty which later evolved to the “National and
Capodigrian University of Athens’. When making this
selection the user will be able to view the structure of the
university along with its relevant instances.

C. Example of the Entity Timeline Visualization Usage

This section presents some examples of the usage of the
Timeline plug-in to retrieve information in the context of the
university ontology. The first example (Fig. 9) refers to the
Entity Timeline tool and the next to the presentation of events

that took place at a specific date.
| | |
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Fig. 9 The Entity Timeline of the Physiognostic Department in Protégé

The user wishes to invedigate the history of the

Physiognostic Department, a department that is now obsol ete.
The researcher firgly locates the department and adds it to
the “Selected Entities’ pand. This may be accomplished by

browsing the ontology or through the Keyword Search.

Then, in the Visudization Tab, the user displays the
timeine of the department. The timdine is set to [1900,

1950] using the markers, and the “show validity period”

option is set in order to display the validity period along with

the Instance name.

In this case, the user may see that the department of our
It was created as a
continuation of the three Chairs, the “Chair of Mineraogy
and Petrology”, the “Chair of Paleontology and Geology” and
the “Chair of Geography”. It was split in 1973 into two
departments, namely the “Department of Geology” and the
Department of Biology”. By double-clicking on these Instance
names, the user may investigate the particular details of the

example was founded in 1943.

Instances.

In the example of Figure 10, the user has chosen to view
the related to the University events that took place in 1837.
By typing the date in the “Search” text box, all classes and
instanves related to this date are tracked down. As it is
displayed in the results area, in the year 1837 (which is the
year the Othonian University was established), two faculties

were established and a book was published.

D. Heurigticsfor Asssting Historical Research
A commonly reguested feature in research within historical



archives is a set of automatic or semi-automatic tools that
would aid the researcher in locating instances that probably
refer to the same entity -the same person for example- or are
related to the evolution of an entity, e.g. a laboratory later
becoming a museum. In order to meet these needs we propose
a set of heurigtics that are created to smulate to some extent
the way the historian locates this information. This propaosal
is complemented with related visualizations, to further assist
the user in viewing the entity evolutions and navigating
across involved entities.

A prime candidate for locating instances corresponding to
the same real-world entity (e.g. person, department etc) isthe
“Name’ dot. The user may designate the top level class (or
classes) under which search would be conducted, and the
sysem traverses all ingances to locate sets of instances
having identical or similar [6] values for the name dot.
Temporal continuity of instance sets, i.e. an instance within
the set ceases to exist at the exact time point that another

[1837

Constrain Results To:

10

instance within the set begins to exist, is also a good
indication that the instances within a set actually refer to the
same real-world entity.

Similarity of other slots may also be checked, with the user
defining which slots are considered important; for instance if
a search under the class “Person” is conducted, the system
could be asked to check the date and place of birth, parent
names and so forth. As ancther example, consider the case
that a certain Geology “Laboratory” ceased to exist as such at
a certain date, and some time later a Geology “Museum” was
edtablished at the same premises. These known facts can be
combined to deduce that the laboratory was transformed into
a museum, and may give incentive for further investigation to
the researcher. So, for these cases smilarity in the name of
the instance and the fact that certain dates may be consecutive
isin fact an indication of a relation of succession between the
two instances.

| B Search | ® Match Any ) Match Al
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& Roman Laws Biook publishing date 1837
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# Faculty of Theology Faculty creation date 1837

Fig. 10. Presentation of eventsthat took placein the year 1837.

More elaborate criteria involving different slots and
arbitrary value relationships could aso be defined; for
example, if the date that a “Student” named John Smith
graduated from university is later than the date that a
“Lecturer” John Smith was employed in a department, then
thereis little probability that the two instances refer in fact to
the same person.

By applying the heuristics presented above, the system
formulates sets of ontology items that potentially congtitute
the evolution of a single real-world entity. The relationships
between potential predecessors and successors are recorded
into dots introduced for this purpose, namely “possible next”
and “possible previous’ (similarly to the “next” and
“previous’ dlots described in section “Historical Archive
Ontology Modeing”). Each relationship recorded within
these dots is tagged with a confidence metric, which is
effectively a quantification of the similarity computed by the
heuristic. Since these reationships are stored into concrete

dlots, they can be visualized as any standard relationship as
shown in Figure 11 (Protégé Jambal aya visualization).

Fig. 11 Visualizing possible evol utions in the Protege visualization Jambalaya
The entity timeline plug-in may also be employed to
perform the visualization (Fig. 12). Visudization is
performed by means of a graph, which is constructed asin the
case of Fig. 8, but this time the possible next and possible
previous slots are used instead of the next and previous ones.
Moreover, each arc is labeled with the confidence metric that
corresponds to it. In the example shown here, the confidence



of the trangitions between the Physiognostic department and
its successors are high (80%) because (a) the entities are
temporaly continuous, (b) a portion of the name matches
exactly (department) and (c) the rest of the name of the
originating entity (“Physiognaostic’) is a super-concept of the
terms “Biology” and “Geology” that complement the
successor entities names. The super-concept relationship is
determined using Wordnet [21]; athough the Wordnet
database does not include the term “Physiognogtic” it does
include the terms “Natural Science” which has been defined
as a synonym to “Physognostic’ in a domain-specific
thesaurus that complements the ontology. The confidence for
the trandtions from the Chairs to the Physiognostic
department appear lower since no portion of the names
provides an exact match; the confidence on the arc emanating
from the “Chair of Mineralogy and Petrology” in particular
appears even lower because neither of the terms “Minera ogy”
and “Petrology” isincluded in the Wordnet database (and no
synonyms are provided), thus confidence is soldly based on
tempora continuity and class succession information (class
“Department” is known to succeed class “Chair” in the
University context).
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Fig. 12. Visualizing possble evolutionsin TimeLine

The incorporation of such heuristicsin the Entity Timeline
plug-in is currently at the design stage. An issue is to what
extent will these heuristics be predefined or the user may
define them as complex queries. Probably both approaches
should be incorporated in order to provide support both to
inexperienced users and to those that are able to use a more
complex query mechanism.

VI. CONCLUSIONSAND FUTURE WORK

This work presents the requirements, modeing and
implementation of an protptype that contains a set of tools for
the visualization of historica information stored in an
ontology. It attempts to complement existing ontology
versioning and class and instance evolution approaches with
history support, allowing thus users to explore the ontology in
the time dimension as well. It is currently being implemented
as a Protégé plug-in. The current version does not contain the
implementation of a query mechanism supporting heuristics
and complex queries and gtill lacks full implementation and
testing of all of its features. Furthermore, a thorough
evaluation of the syssem needs to be carried out, in order to
investigate its efficiency in answering complex, time-rel ated
gueriesin comparison with existing ontology browsers, and to
verify the extent to which this tool is useful in the context of
an historical archive.
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