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Abstract—Several semantic web-based applications (e.g., e- is needed. For that purpose, we proposed in ourique

commerce, e-government and e-health applications)equire
temporal versioning of ontology instances, in orderto
represent, store and retrieve time-varying ontologis. However,
commercial systems do not provide any support forreating
and updating temporal ontologies. In this paper, weropose a
prototype system, named Temporal OWL 2 Web Ontology
Language Manager ¢OWL-Manager), which implements our
TOWL framework and supports temporal versioning of
ontology instances. It allows (i) creating and vafiating a
temporal semantic web document, by augmenting an OW2
ontology schema with a set of logical and physicahnotations,
and (i) creating and maintaining time-varying ontdogy
instance documents, by generating a new timestampegrsion
of each ontology instance document when updates aapplied.
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l. INTRODUCTION

Due to the dynamic nature of the Web, ontologigs{2
like other components of the Web 3.0 including dases

work [1] a framework, calledOWL, for managing temporal
Semantic Web documents, through the use of a teahpor
OWL 2 extension. In fact, we want to introduce wi@WL
a principled and systematic approach to the tenhpora
extension of OWL 2, similar to that Snodgrass and
colleagues did with their Temporal XML Schema
(tXSchema) [7][8] to the eXtensible Markup Language
(XML) and XML Schema [9].tXSchema is a powerful
framework (i.e., a data model equipped with a softeols)
for managing temporal XML documents, well knowntlire
database research community and, in particulathenfield
of temporal XML [10]. Moreover, in the previous vikdil 1],
with the aim of completing the framework, we augteedn
tXSchema by defining necessary schema change apesati
Being defined as aXSchema-like frameworkyOWL
allows creating a temporal OWL 2 ontology from a
conventional (i.e., non-temporal) OWL 2 ontology
specification and a set of logical (or temporal)l shysical
annotations. Logical annotations identify which gaments
of a Semantic Web document can vary over time; iphlys
annotations specify how the time-varying aspecte ar

and Web pages—evolve over time to reflect and modelepresented in the document. By using temporalrsatend

changes occurring in the real-world. Furthermomyesal

annotations to introduce temporal aspects in theaational

Semantic Web-based applications (like e-commerce, éemantic Web, our framework (i) guarantees logimad

government and e-health applications) require kegpiack
of ontology evolution and versioning with respezxtitne, in
order to represent, store and retrieve time-vargimglogies.

Unfortunately, while there is a sustained interfst
temporal and evolution aspects in the research aotyn
[3], existing Semantic Web [4] standards, stat¢hefart
ontology editors and knowledge representation tdolsiot

physical data independence [12] for temporal ogiel® and
(ii) provides a low-impact solution since it recgsrneither
modifications of existing Semantic Web documents no
extensions to the OWL 2 recommendation and Semantic
Web standards.

Furthermore, while there is a lot of research wasks
managing temporal ontologies [13][14][15][16], ontyo

provide any built-in support for managing temporalresearch tools have been proposed to handle sortieufza

ontologies. In particular, the W3C OWL 2 recomméita
[5][6] lacks explicit support for time-varying ortmies, at
both schema and instance levels. Thus, a Knowl&ipe
Administrator (KBA), i.e., a knowledge engineer ar
maintainer of semantics-based Web resources, nsastd
hoc techniques when there is a need, for exanmplepecify

aspects: Stock Recommendations Aggregation System
(SRAS) [17], which is centered around the aggregatf
stock recommendations and financial data, and CHBSN
[18], which is a reasoner over temporal informafioi©WL
ontologies. Current commercial solutions in the Setic
Web area (Oracle Semantic Technology [19], IBM Siok!

an OWL 2 ontology schema for time-varying ontology Ontology Repository (SOR) [20], and IBM DB2 Resaurc

instances.

On the other hand, in order to handle temporallogjo
evolution in an effective and systematic manner tarallow
historical queries to be efficiently executed andivarying
ontologies, a built-in temporal ontology managensstem
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Description Framework (RDF) [21]) do not includatieres
for supporting time in ontologies.

In order to (i) show the feasibility of outOWL
approach [1], (ii) facilitate a KBA when he/she hasreate
a temporal ontology and manipulate its instancad, (@i)
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fill the lack of support noticed in commercial kniedge The tOWL framework allows a KBA to create a
management systems, we propose in this paper atypet temporal OWL 2 schema for temporal OWL 2 instances
system, namedOWL-Manager, which allows a KBA (i) to from a conventional OWL 2 schema, logical annotetjo
create and validateOWL ontology schemata, and (ii) to and physical annotations. Since it is tXSchema-like
create and updateOWL ontology instance documents. framework,7TOWL use the following principles: separation

When modified, instance documents are augmentet wit?€tween (i) the conventional (i.e., non-temporeljesna and
timestamps to support temporal versioning. the temporal schema, and (ii) the conventionabimsts and

With regard to our previous work [1], the curremteo (€ teémporal instances; (iii) use of logical andyptal

focuses on implementing owOWL framework; the result, annotations to specify temporal and physical aspect

OWL-Manager, could be a first step towards prowdin "€SPectively, at schema level. .
:::ommercial gupport for temporal ontolopgies. pro\g Figure 1 illustrates the architecture @©OWL. The

The remainder of the paper is organized as followsT@mework is based on the OWL 2 language [S][6]iolhis

Section |l describes ourOWL framework, previously & W3C standard ontology language for the Semanéb.W

proposed in [1]: the architecture gDWL is presented and allows defining both schema (i.e., entities, axiprasd
details on all its components and support toolsgiven, ~ €XPressions) and instances (i.e., individualsyblogies.
Section Il illustrates the use @©OWL through an example. The KBA starts by creating theonventional schema
Section IV proposes our prototype tod)WL-Manager: its (00X 7), which is an OWL 2 ontology that models the
architecture and some screenshots showing itsifumeg ~ CONcepts of a particular domain and the relatioetveen

are provided. Section V provides a summary of thgepand ~ (NeSe concepts, without any temporal aspect. T eac
some remarks about our future work. conventional schema corresponds a set of convexhifowL

2 instances (box 12). As recommended in the the QWL
II.  THETtOWL FRAMEWORK specification [6],tOWL deals with OWL 2 ontologies with
an RDF/XML syntax [23].
After that, the KBA augments the conventional scaem
with logical andphysical annotations, which allow him/her

In this section, we present ou©OWL framework for
handling temporal Semantic Web documents. We d®scri

the overall architecture ofOWL. Since tOWL is a . - ; . ;
i . to express, in an explicit way, all requirementalishg with
tXSchema-like framework, we were inspired by thethe representation and the management of tempspacts

tXSchema architecture and tools while defining the ; -
architecture and tools ofOWL. More details on our associated to the components of the conventiomansa, as

framework can be found in [1] and [22]. described in the following.

| 0. OWL 2 language | | 1. XML Schema language |
x x x x x x x
‘ 7. Conventional Schema 2. TDSchema 3.TSSchema 4. EntASchema 5. AxiASchema 6. ExpASchema
3 f 3 ¢ 3 :
1 o oo po S i s s sun o e on i
1 1 ! |
X | m=—mm e mmm e ——— | ; |
11 M i g 1 § 1
1 - : H
1 : 11y -l¢ : i [
- - '- = = = 8.Temporal Schema 9. Entity 10. Axiom 11. Expression
- Annotations Annotations Annotations
12. Non-temporal

instances

‘I| Representational Schema

I Generator

1 Temporal

L 14. Temporal Schema r wi ‘
=7 Validator | 13, Representational Schema

Document

.......................................................

Error messages

< Temporal Instances Generator >
i 15. Temporal |

Temporal
Instances
Validator

‘ instances | Error messages

Figure 1.Overall architecture ofOWL.

Copyright (c) IARIA, 2015.  ISBN: 978-1-61208-420-6 57



SEMAPRO 2015 : The Ninth International Conference on Advances in Semantic Processing

Logical annotations [8] allow the KBA to specify) (i
whether a conventional schema component varies\alier
time and/or transaction time, (ii) whether its fiffiee is
described as a continuous state or a single efidnivhether
the component may appear at certain times (andahot
others), and (iv) whether its content changes.

Physical annotations [8] allow the KBA to specifyet
timestamp representation options chosen, such agevthe
timestamps are placed and their kind (i.e., validetor
transaction time) and the kind of representationpéet!.
Timestamps can be located either on
components (as specified by the logical annotaficors

somewhere above such components. Two OWL 2 docsmenbntology

with the same logical information will look veryffdirent if
we change the location of their physical timestamps
Finally, when the KBA finishes annotating the
conventional schema and asks the system to saileethis
work, this latter creates thiemporal schema (box 8) in order
to provide the linking information between the centional
schema and its corresponding logical
annotations. The temporal schema is a standard XM
document which ties the conventional schema, théyen
annotations, the axiom annotations, and the express
annotations together. In th®WL framework, the temporal
schema is the logical equivalent of the conventi@a/L 2
schema in a non-temporal context. This documentagus
sub-elements that associate a series of convehsehama
definitions with entity annotations, axiom annatas, and
expression annotations, along with the time sparingu

concerning the evolution of an ontology based darier Of
A Friend (FOAF). The FOAF [24] project is creatingVeb
of machine-readable pages describing people, thks li
between them and the things they create and do.

Suppose that a Web site “Society-Web” publishes the

FOAF definition for their users and that the webtaa®f
this Web site wants to keep track of the change®meed
on FOAF RDF [25] information. We will focus in this
example on one user whose name is “Khalid Sinan”.

Suppose that on January 15, 2014, the KBA creates a
time-varyingconventional
“PersonSchema_V1.owl” (Figure 2), and a conventiona
“Persons_V1.rdf"

ontology schema,
instance document, named
(Figure 3), which is valid with respect to this eofa. We
assume that the KBA defines also a set of logical a
physical annotations, associated to that convegitecrhema;
they are stored in an ontology annotation docuntigiet
“PersonAnnotations_V1.xml” as shown in Figure 4.
Notice that the conventional (i.e., non-temporahesna

and physicalFigure 1) for the FOAF RDF document (Figure 2)the

kchema for an individual version, which allows uptaand
querying individual versions. The conventional dody

instance document describes, according to the FOAF

ontology, the personal information of “Khalid Sirigfe.,
name and nickname) and the information about himen
accounts on diverse sites (i.e., the home pageeosite, and
the account name of the user). In this example,ony
consider the user account on the “Facebook” Web sit

which the association was in effect. The schematlier
temporal schema document is the XML Schema Defimiti
documeniTSSchema (box 3).

To complete the picture, after creating the tempora
schema, the system createteraporal document (box 14) in
order to link each conventional ontology instanoeusnent
(box 12), which is valid to a conventional ontologghema
(box 7), to its corresponding temporal ontologyesnh (box
8), and more precisely to its corresponding logiaad
physical annotations (which are referenced by ¢mepbral
schema). A temporal document is a standard XML oheou
that maintains the evolution of a non-temporal togp
instance document over time, by recording all ef\ibrsions
(or temporal slices) of the document with theiresponding
timestamps and by specifying the temporal schem
associated to these versions. This document centib-

<rdf:RDF>
<owl:Ontology rdf:about="http://purl.org/
az/foaf#">
<rdfs:Class rdf:about="#Person">
<rdf:type rdf:resource="http://www.w3.org/
2002/07/owl#Class"/>
</rdfs:Class>
<rdf:Property rdf:about="#holdsAccount">
<rdf:type rdf:resource="http://www.w3.org/
2002/07/owl#ObjectProperty"/>
<rdfs:domain rdf:resource="#Person"/>
<rdfs:range rdf:resource="#OnlineAccount"/>
</rdf:Property>
<rdf:Property rdf:about="#accountName">
<rdf:type rdf:resource="http://www.w3.org/
2002/07/owl#DatatypeProperty"/>
<rdfs:domain rdf:resource="#OnlineAccount"/>
X </rdf:Property>
</rdf:RDF>

elements that associate a series of conventionialogy
instance documents with logical and physical artiasta (on

Figure 2. An RDF/XML extract from the OWL 2 FOAFtoiogy.

entities, axioms, and expressions), along withtitme span
during which the association was in effect. Thuse t
temporal document is very important for making etdsy
support of temporal queries working on past veision
dealing with changes between versions. The schemthé
temporal document is the XML Schema Definition doent
TDSchema (box 2).

lll.  ILLUSTRATIVE EXAMPLE
In order to show the functioning of th®WL approach

<foaf :Person rdfiID="#Personl">
<foaf : name>Khalid Sinan</ foaf
<foaf :nick >Khal</ foaf : nick >
<foaf : holdsAccount >
<foaf : OnlineAccount rdf:about="
https://www.facebook.com/Khalid.Sinan">
<foaf :accountName >Khal_Sinan
</ foaf :accountName >
</ foaf : OnlineAccount >
</ foaf : holdsAccount >
</ foaf : Person >

. hame>

and how management of temporal ontology docume
versions is dealt with in it, we provide an example

Copyright (c) IARIA, 2015.  ISBN: 978-1-61208-420-6

1
Figure 3. A fragment of Khalid FOAF RDF documentJamuary 15, 2014.
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<?xml version="1.0" encoding="UTF-8"?>
<ontologyAnnotationSet >
<logicalAnnotations >
<item target="/Person/nick>
<validTime kind="state” content="varying”
existence="constant’/>
</ item >
</ logicalAnnotations >
<physicalAnnotations >
<stamp target="Person/nick”
datalnclusion="expandedVersion">
<stampkind timeDimension="validTime”
stampBounds="extent"/>
</ stamp >
</ physicalAnnotations
</ ontologyAnnotationSet

>
>

Figure 4. The annotation document on January 15.20

After that, the system creates the temporal onjolog
schema in Figure 5 (that ties “PersonSchema_V1.antl
“PersonAnnotations_V1.xml” together), which is srin
an XML file named “PersonTemporalSchema.xml”.
Consequently, the system uses the temporal ont@ldggma
of Figure 5 and the conventional ontology documint
Figure 3 to create a temporal document as in Figuithat
lists both versions (i.e., temporal “slices”) of eth
conventional ontology documents with their assecdat
timestamps. The squashed version of this tempor
document, which could be generated by the Tempor
Instances Generator, is provided in Figure 7.

<?xml version="1.0" encoding="UTF-8"?>
<temporalOntologySchema >

<conventionalOntologySchema >

PersonAnnotations_V1.xml) are not changed, the t¢eaip
ontology schema (i.e., PersonTemporalSchema.xml)
consequently not updated. However, the Temporshhces
Generator tool updates the temporal document, deroto
include the new slice of the conventional ontology
document, as shown in Figure 9. The squashed veo$ithe
updated temporal document is provided in Figure 10.
Obviously, each one of the squashed documents ré=igu
7 and Figure 10) must conform to a particular schetmt is
the representational schema, which is generatedthby
Representational Schema Generator from the temporal
schema shown in Figure 5.

is

<foaf :Person rdfiID="#Personl">
<foaf : name>Khalid Sinan</ foaf
<nick_Repltem >
<nick_Version >
<timestamp_ValidExtent
end="now" />
:nick >Khal</ foaf
>

. hame>

begin="2014-01-15"
<foaf :nick >
</ nick_Version
</ nick_Repltem >
<foaf : holdsAccount >
<foaf : OnlineAccount rdf:about="
https://ww.facebook.com/Khalid.Sinan">
<accountName_Repltem >
<accountName_Version
<timestamp_ValidExtent
| begin="2014-01-15" end="now" />
<foaf :accountName >Khal_Sinan
</ foaf :accountName >
</ accountName_Version
</ accountName_Repltem >
</ foaf : OnlineAccount >
</ foaf : holdsAccount >

>

>

<sliceSequenc e>

</ foaf : Person >

»

<slice location=" PersonSchema_V1.owl
begin="2014-01-15" />
</ sliceSequence >

</ conventionalOntologySchema >

Figure 7. The squashed document correponding ttethporal document
on January 15, 2014.

<ontologyAnnotationSet >
<sliceSequence >
<slice location="  PersonAnnotations_V1.xml
begin="2014-01-15" />
</ sliceSequence >
</ ontologyAnnotationSet
</ temporalOntologySchema

>
>

Figure 5. The temporal schema on January 15, 2014.

<?xml version="1.0" encoding="UTF-8"?>
<td:temporalRoot temporalSchemalocation=

;f'oaf: Person rdf:ID="#Personl1">

<foaf : name>Khalid Sinan</ foaf : name>
<foaf :nick >Elkhal</ foaf : nick >
<foaf : holdsAccount >

<foaf : OnlineAccount rdf:about="

https://www.facebook.com/Khalid.Sinan">
<foaf :accountName >Elkhal_Sinan
</ foaf :accountName >
</ foaf : OnlineAccount >
</ foaf : holdsAccount >
</ foaf : Person >

"PersonTemporalSchema.xml ">

<td:sliceSequence >
<td:slice location  ="Persons_V1.rdf
begin="2014-01-15" />
</ td:sliceSequence >

Figure 8. A fragment of Khalid FOAF RDF documentFebruary 08,
2014.

</ td:temporalRoot >

Figure 6. The temporal document on January 15,.2014

On February 08, 2014, Khalid modified his nickname|
from “Khal” to “Elkhal” and his account name of Fdmok
from “Khal_Sinan” to “Elkhal_Sinan”. Thus, the sgst
updates the conventional ontology documen

<?xml version="1.0" encoding="UTF-8"?>
<td:temporalRoot temporalSchemalocation=
"PersonTemporalSchema.xml
<td:sliceSequence >
<td:slice location  ="Persons_V1.rdf
begin="2014-01-15" />
<td:slice location  ="Persons_V2.rdf
begin="2014-02-08" />
</ td:sliceSequence >

">

“Persons_V1.rdf” to produce a new conventional gy

</ td:temporalRoot >

document named “Persons_V2.rdf" (Figure 8). Sinke t
conventional ontology schema (i.e., PersonSchemaw
and the ontology annotation document (i.e.,

Copyright (c) IARIA, 2015.  ISBN: 978-1-61208-420-6

Figure 9. The temporal document on February 084201
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<foaf : Person rdf:ID="#Personl">
<foaf : name>Khalid Sinan</ foaf
<nick_Repltem >
<nick_Version >
<timestamp_ValidExtent begin="2014-01-15"
end="2014-02-07" />
<foaf :nick >Khal</ foaf : nick >
</ nick_Version >
<nick_Version >
<timestamp_ValidExtent
end="now" />

. hame>

begin="2014-02-08"

<foaf :nick >Elkhal</ foaf : nick >
</ nick_Version >
</ nick_Repltem >
<foaf : holdsAccount >
<foaf : OnlineAccount rdf:about="

https://www.facebook.com/Khalid.Sinan">
<accountName_Repltem >
<accountName_Version
<timestamp_ValidExtent begin="2014-01-15"
end="2014-02-07"/>
<foaf :accountName >Khal_Sinan
</ foaf :accountName >
</ accountName_\Version
<accountName_Version
<timestamp_ValidExtent
end="now" />
<foaf :accountName >Elkhal_Sinan
</ foaf :accountName >
</ accountName_Version
</ accountName_Repltem >
</ foaf : OnlineAccount >
</ foaf : holdsAccount >
</ foaf : Person >

>

>
>
begin="2014-02-08"

>

Figure 10. The squashed document correpondingettethporal document
on February 08, 2014.

V.

In this section, we describe a prototype systermetha
tOWL-Manager, which implements ot®WL approach and
shows its feasibility. It allows (i) the specificat and
validation of tOWL ontologies schemata, and (i) the
creation and maintenance afOWL ontology instance
documents. Each update operation on an instanaarcot

IMPLEMENTATION

gives rise to a new version of this document with i
corresponding timestamp.

tOWL-Manager is a Java (JDK 1.7) application,
developed in the Integrated Development Environment
(IDE) “Eclipse Helios”, using (i) the OWL Applicah
Programming Interface (API) [26], which is a Javal&and a
reference implementation, for creating and manimga
OWL ontologies, and (ii) the Java Document Objectdil
(JDOM) API for creating and manipulating XML filetn
the following, we first describe the architectufet@WL-
Manager and then provide some screenshots shotsinge.
Notice that these screenshots deal with the sarae@e
presented in Section Ill.

A. Architecture of zZOWL-Manager

The overall architecture aDWL-Manager is depicted in
Figure 11. It is composed of three layers: presiemtdayer,
business layer, and storage layer.

The presentation layer includes an interface for
constructing temporal ontologies and an interface f
creating and updating ontology instances.

The business layer contains two modules: one for
managing temporal ontologies, named “Temporal @qgtpl
Manager”, and the other for managing ontology imsts,
named “Ontology Instance Document Manager’. The
“Temporal Ontology Manager” first generates theedil
corresponding to the temporal ontology schema, ith#ie
conventional schema file and the annotation doctirfilen
from the specifications expressed by the KBA in its
interface. Then, it checks the validity of the gated files
and creates the temporal schema file, which tigetker the
two other files.

The storage layer contains the repository of resources
making up temporal ontologies and associated ins&n
namedtOWL Repository.

Presentation layer

Interface for constructing temporal
ontologies

Interface for creating and updating ontology
instance documents

Business layer
Temporal Ontology Manager Ontology Instance DocumentManager
G ti o Generating a Validating a
etnem lngl a R Validating a temporal version temporal version of
:nT‘zom temporal of an ontology an ontology
ogy ontology instance document instance document
Storage layer

—

TOWL Repository

—-

Figure 11. Architecture afOWL-Manager.

Copyright (c) IARIA, 2015.  ISBN: 978-1-61208-420-6

60



SEMAPRO 2015 : The Ninth International Conference on Advances in Semantic Processing

B. Screenshots of tTOWL-Manager

Currently,tOWL-Manager allows a KBA to perform two ¢
activities: (i) creating and validating temporaltaogies,

and (ii) creating and updating ontology instandes.the « Temporal
following, we illustrate its functioning and shots iuse for
each one of the two activities, via the exampl8edtion Ill. .

1) Constructing and validating temporal ontologies

To construct a new temporal ontology, the KBA has t

perform the following tasks:

ontology;

Representational
representational schema file;
Document: it

Schema: it

the

includes the temporal
document (which is generated automatically);
Temporal Ontology Instance Documents: it contains

all the versions of temporal ontology instance

i) He/she starts by creatingt®@WL project. To this aim, file.

the KBA has to provide a reference to an existiadjdv
conventional ontology schema (definition of an dogy
schema from scratch is not supported in the cuwergion

documents.
 Temporal Schema: it contains the temporal schema

2) Creating and versioning ontology instance doaume
We show in Figure 14 an ontology instantiation. eAft
the KBA has chosen @®OWL ontology schema, he/she can

of tTOWL-Manager). Assume here that the KBA has chosegreate its instances (Figure 14). Finally, he/dheulsl save
his/her work, through the “Save” button. Conseglyerthe

the FOAF ontology.

i) After that, the KBA annotates the new convenéb
ontology schema by some logical and physical atioota

Figure 12 shows the specification of some

annotations on the class “Person” and Figure 13vshbe
specification of some physical annotations on Hmesclass.

Notice that aOWL project is a set of folders:

* Annotations: it contains the file correspondinghe
logical and physical annotation document aOAVL

ontology;

documents;

(2] TOWLMarager e e T T T

File Ontology Instance Document Conventional Ontology Schema

using

the Pellet

reasoner.

system generates an RDF file corresponding to the
conventional ontology instances which have beemtede
logicalSuch a file is generated using the OWL API anddadéd
Furthermore,
automatically updates the temporal document inra@eadd

the system

a new slice corresponding to the new version obtftelogy

instance document.
Moreover, tTOWL-Manager allows keeping track of

ontology instances when they evolve over time. Egul5
« Conventional Ontology Instance Documents: it storegind 16 show an example of maintaining the histdryaro
all the versions of conventional ontology instanceontology instance evolution: first the KBA chooses
“Persons_V1.rdf" as the ontology instance documension
« Conventional Ontology Schema: it includes thethat mustbe updated (Figure 15).
conventional ontology schema file of e@OWL

-y o e

[ﬂ PersonAnnotati

Class hierarchy ‘Object Properties : Person

=] Thing
[ Project
o~ (-] Omline Account

& ElPeryag Logical Annotations

[ [owl:topObjectProperty] |~
o= [T interest

¢~ 7 publications
o 3 workplaceHomepage =|

e [ Do i
o [ Age Add Physical Annotations : S ]‘I::]:Proje(:(
& [ Spaf Show details o 7 knows [

[ Image o 7 currentProject

o 9 workInfoH -

Object Properiy Axioms | Object Praperty Expressions

Data Properties : Person

7 [owl:topDataProperty]
o ] family_name

o (] surname

o (] firstName

o [ plan

n_I»

4]

| Dafa Property Axioms | Data Property Expressions

Class Axioms | Class Expressions

® Show all axioms

) Choice axiom

Axioms

SubClassOf{=<hitp:fixmins. comifoafi. 1/Person= =hitp ixmins.comioafi0. 1/Agent=)

SubClassOf{=hitp:fixmins. comifoafi0. 1/Person= =hitp fiwww. w3.0rg/2003/01/geoiwgsB84_pos#SpatialThing=)

SubClassOf{=hitp:fixmins. comifoafil. 1/Person= =hitp iwww. w3.0rg/2000M1 0iswap/pimicontact#Person=)

DisjointClasses(=hitp:ifxmins.comfoafil. 1iPerson= <hitp:ifkmins.comifoafil. 1iProject-)

DisjointClasses(<hitp:ixmins. comn’uaﬂD.1#Do:umem>_<mtp:ﬂxmlns comifoafil. 1/Person=)

[7] Logical Annotations : Person

A B
9 Elitem
D target Person/mick
o ] transactionTime
9 [JvalidTime
[ content varying
[ existence  constant
D kind. event

o [ contentvar...

o [ maximalEx...
o (3 cardConstraint
o (] transitionCons..
e [Jiclude

DWW o bW R R

oo

o

DisjointClasses(=hitp:kmins.comifoafi0. 1/0rganization= <hitp:fkmins.comifoafil. 1/Person=)

‘ Save

‘ | Cancel |

Close |

Figure 12. Specifying some logical annotationshendonventional ontology schema.
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File Ontology Instance Document Conventional Ontology Schema

e
E (% i Schema : Person E PersonAnnotations
7 - il Pepasiitis - utrastnt E Physical Annotations : Person
5 = = 5 A B
[ Thing 1 [owl:topObjectProperty] [« [ Object Property Axioms | Object Praperiy Expressions |
[ Project o [ interest ¢ [ stamp
& 7 publications D target Person/nick
- fmﬂq)]ace]lnmepnge E D datalnclusion expandedVersion
o [ pastProject 9 [ stampKind
o 5 img DtimeD\mension validTime
L Em s H [) stampBounds  extent
o
o= (3 currentProject L Hinclude
o [ workInfoH i
Data Properties : Person
[~ [owl:topDataProperty] |=| [ DataProperty Axioms | Data Property Expressions
o [ family_name L
©- [ surname
& [ firstName W 1 <?¥ml version="1.0" encoding="T
¢ 9 plan - Z <ontologyAnnotationSet>
——_ i 3 <logicalAnnotations>
4 <item target="Ferson/nick"> |
Class Axioms | Class Expressions | & <transactionTime /> T
= & <validTime content="varyi
® Show all axioms (0 Cheice axiom L <contentVaryinghpplicabi
e a <fvalidTime>
ubClassOfi<hitp:Memins.comifoafid. 1/Person= <hitp:ikmins.comifoafil. 1/Agent=) 2 <,1FE"'> .
ubClassOfi<http:/imins comifoafi0. 1P erson= <http:iwww.w3.0rgi2003/0 1igeo/was84_pos#SpatialThing=) 10 </logicalAnnotations> =
ubClassOf(<hitp:Memins.comifoafil. 1/Person> <http:iiwww.w3.0rg/i2000M1 Diswap/pimicontact#Person=) 1 7 i i T I_
DisjointClasses(=hltp:iixmins.com/foafil. 1/Person= <hitp.ixmins.com/foafi0. 1/Project=)
DisjointClasses(=hitpiixmins comifoafi0 1/Document= =hitp/ixmins. comifoai/l 1/Person=) O
DisjointClasses(=hitp:/xmins.com/foafil. 1/0 =http:ixmins.comifoafi0.1/Person=)
Save

Figure 13. Specifying some physical annotationthenconventional ontology schema.
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Figure 14. Populating a conventional ontology.
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Figure 15. Showing the chosen conventional ontologiance document version.

Figure 16 shows that the KBA has modified the chose predecessor, the system adds it to the folder “Eotanal
ontology instance document version (by modifying tlick  Ontology Instance Documents” of theOWL project.
and the account name of the Person “Khalid Sinaffius, Moreover, the creation of a new version of an aupl
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ontology instance document. After verifying thatthew temporal document.
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Figure 16. Updating the chosen conventional ontolngtance document version (changing the nickteadiccount name of Khalid).
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V.

In this paper, we have presente®@WL-Manager, a
prototype tool for specifying temporal ontologiesida
temporal instance versioning, in th®WL framework,
demonstrating its feasibility. It helps a KBA toeate [14]
temporal ontologies and manipulate its instances,
overcoming the lack of support detected in statthefart
commercial knowledge management systems and résearc
tools. Thus, it could be considered as a first stepards  [15]
providing commercial support for temporal ontolagie

Our future work aims at extendingWL-Manager to
also support temporal versioning of the scheméf,itsethe
TtOWL framework. Such extension requires, as a fitsp,
the definition of necessary schema change opegtibat is
operations acting on conventional schema, annostind
temporal schema. A subset of these operations bas b
defined in our recent work [27].

CONCLUSION AND FUTURE WORK
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