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Abstract—Recently, the mobile agent-based paradigm has received more attention especially in distributed systems where it
provides multiple solutions to several problems which can’t be resolved by the object-based paradigm. Unfortunately, this paradigm
lacks the interconnection with semantic web standards such as the language OWL (Ontology Web Language) which make it far from
profiting from research results and advances in this area. We try in this paper to bridge the gap between the two domains by proposing
an integrated approach for modeling mobile agent-based software systems using a transformation of mobile class diagrams into OWL
ontologies. The developed approach allows interconnection of mobile agent and Semantic Web technologies can be used in a mobile
agent-based application where such interconnection is needed. We use the meta-modeling and graph grammars tool AToM3.
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l. INTRODUCTION

Mobile agent-based software systems are increasingly very
complex; actually the development of such systems is a
difficult task since the great number of constraints that are
evolved during the development process such as the mobility
and security. Modeling and designing of mobile agent-based
software systems have received important attention in the last
years to deal with previous problems [18]. M-UML [19] has
been introduced as an extension of UML [7] for modeling
mobile agent-based systems [26]. Researchers have tried to
relate mobile agent paradigm to the object oriented paradigm
using the standard of object oriented modeling to model mobile
agents by introducing to it the appropriate artifacts in order to
support the new paradigm.

In other side, the ontologies provide explicit and formal
specifications of shared conceptualizations; they are described
formally using description logics implemented in OWL
language. The knowledge generated from an M-UML diagram

during the software development process is a valuable asset in
particular in the analysis and design tasks. In order to profit
from it, they must be represented and stored in ontologies and
will be used for reasoning on mobile agent based software
systems.

In this paper, which extends our previous work [20], we
propose a set of rules for transforming mobile class diagrams
into ontologies described in OWL language in order to profit
from the power of ontologies. So, the knowledge described by
those diagrams can be reused, shared and linked with other
information. The meta-modeling tool AToM? is used to create
meta-models for mobile class diagram and OWL models. A
graph grammar is proposed for automatic transformation
between the two formalisms.

The rest of the paper is organized as follows. In Section 2,
we present some related works. In Section 3, we present some
basic notions about M-UML, OWL, and graph grammars. In
Section 4, we describe our approach of transforming M-UML
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class diagrams to OWL ontologies. In Section 5, we illustrate
our approach through an example. Finally concluding remarks
and perspectives are presented in Section 6.

Il. RELATED WORKS

Several works exist in the literature in the context of
extracting ontologies from UML diagrams. In [14] the authors
have proposed a transformation of UML towards DAML by
showing similarities and differences between the two parts of
the translation. In [15] the authors have proposed a
transformation of a profile UML OUP (Ontology UML Profile)
towards an ontology OWL. In [6], the OMG remarks the
interest of such subject, it then immediately proposed the ODM
which provides a profile for writing RDF and OWL within
UML. The ODM also includes partial mappings between UML
and OWL. It should be noted that several works are performed
as answer to the call of the OMG and gathered in the ODM
and it is impossible to evoke all of them here. In [9], an
implementation of the ODM using ATL language is presented.
In [5], the author has applied a style sheet on a XMl file which
represents a model of a class diagram to generate an ontology
OWL DL represented as RDF/ XML format. In [16], a detailed
comparison between UML and OWL has been developed.

On the other hand, AToM? has been adopted to be a very
powerful tool which the meta-modeling and the
transformations between formalisms. In fact, in [21] the
authors have proposed a formal framework and a tool for the
specification and verification of G-Nets models using graph
transformation. In [20] the authors have developed an AToM?3
based approach for the automatic generation of OWL
ontologies from UML diagrams. In [23], the authors have
developed an approach for modeling and analysis of mobile
agent-based software systems by transforming M-UML
statecharts models to nested nets models. In [22], an approach
for transforming mobile activity diagrams to nested Petri nets
models has been proposed. Also in [1, 2, 3, 17, 18, and 25] we
can found treatment and translation of multiple UML diagrams.
In these works the Meta modeling allows visual modeling and
graph grammar allows the transformation among them.

In contrast to all these previous works, we have the first
who think to relate the modeling of mobile agent-based
systems and semantic web by translating a profile of UML
class diagram for mobile systems into the OWL.

I1l.  BACKGROUND

The main contribution of the paper is to develop an
integrated environment based on meta-modeling and graph
grammars for modeling and analysis of mobile agent based
software systems which are modeled as a set of mobile class
diagrams. We recall here some notions about M-UML and
OWL.

A. Mobile Class Diagram

A M-UML Class Diagram [19] has been introduced to
describe the static structure of a mobile system by showing all
relationships between different types of classes. Mobile
objects/agents are created by the instantiation of a mobile class
shown with a box (M). A class inherits the mobility by the

relation of inheritance while not necessarily true by
aggregation relation. An affected class shown with a dashed
box (M) is a class that contains methods (behavior) which
communicate with other mobile classes. A remote class shown
with a dashed box (R) is a class that contains methods
(behavior) which communicate with a remote mobile
object/agent. A mobile object/agent invokes methods which
will be labeled depending on the location of it with either (M)
or (R) and a class that includes the two types will show with
dashed boxes (M) and (R). Figure 1 [19] shows an example of
a mobile class diagram.

IME———

WM

- 1 (Mt )
M
o (R} RequesiLogLiss() | |
o A R
Logger ~ . .
(TR Mg

! | n i;lmmqwm;. -
Fig. 1. A mobile class diagram.

B. OWL

OWL (Ontology Web Language) is a language for
representing ontologies by defining the concepts of a domain
and the relations between them what will allow automatic
reasoning about the domain knowledge using their formal
semantics. OWL1 offers three sublanguages with increasing
expression oriented for specific communities of developers and
users: OWL Lite, OWL DL, and OWL Full [10] whereas
OWL2 defines three new profiles: OWL2 EL, OWL2 QL, and
OWL2 RL [13].

C. Graph Grammars

Graph transformation was largely used for the expression of
model transformation [4]; particularly, transformations of
visual models can be naturally formulated by graph
transformation, since the graphs are well adapted to describe
the fundamental structures of models [17]. The set of graph
transformation rules constitutes what is called the model of
graph grammar. A graph grammar is a generalization, for
graphs, of Chomsky grammars. Each rule of a graph grammar
is composed of a left hand side (LHS) pattern and of a right-
hand sided (RHS) pattern. Therefore, the graph transformation
is the process to choose a rule among the graph grammar rules,
apply this rule on a graph pattern that matches the LHS pattern
to produce the RHS pattern, and reiterate the process until no
rule can be applied [4]. We have adopted the AToM? tool [1]
which is a visual tool for model transformation to implements
our approach. In the next sections, we will discuss how we use
AToM?® to meta-model mobile class diagrams and how to
generate OWL models by applying a graph grammar.
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IV. OUR APPROACH

A. Overview

Mobile agent-based software systems are very difficult to
design and to implement, although of this, we are urgently and
still need this type of software systems to resolve some huge
problems in different domains that the object oriented
paradigm could not deal with them. We propose in this paper
integrated approach M-UML class diagram/OWL ontology for
modeling and analysis of mobile agent-based software systems
by direct transformation of the mobile class diagram to OWL
ontology. A mobile class diagram describes statically and in a
very rich way the entities evolved in a mobile agent-based
software system and all relationships among them. This
ontology generated contains the knowledge extracted from the
M-UML diagram and will be used for reuse purpose,
knowledge sharing, conversation, integration and reasoning on
mobile agent-based software systems.

The architecture of the proposed approach (Figure 2) is
based on meta-modeling and graph grammars. For the
realization of this application, we have to propose a meta-
model of mobile class diagrams that allows us to edit visually
mobile class diagrams on AToM?3 canvas. In addition, we have
to develop a graph grammar made up of several rules which
allows transforming progressively all what is modeled on the
canvas towards an OWL ontology in RDF/XML format stored
in a disk file. The graph grammar is based on transformation
rules; each rule deals with some constructs in the left hand side
(LHS) to transform them to others constructs in the right hand
side (RHS). For ontology, the choice among OWL profiles is
made on OWL DL because it places certain constraints on the
use of the structures of OWL such as separation between
classes, data types, data type properties, object properties,
annotation properties, ontologies properties, individuals, data
values, and integrated vocabulary [11][12].

M-UML class diagram M-UML class diagram profile

| 2

Knowledge
Storage

Rule(i) =(LHS,RHS) i i

OWL ontology

Py,

S

Rule(1) =(LHS,RHS)

Fig. 2. Architecture of the proposed approach.

B. Transformation rules

We propose a set of rules to transform classes,
enumerations, associations, roles, dependencies, association
classes, and all the elements of a mobile class diagram that are
important to store in the OWL ontology. For lack of space, we

have presented class (and their extensions) transformation rules
in table 1.

Concerning the transformation of data types, all data types
used in M-UML are transformed into XML schema (XSD) data
types because OWL uses the majority of the datatypes
integrated into XML schema. The calls of these data types are
done through data type URI address reference
http://www.w3.0rg/2001/XMLSchema[11]. The instances of
the primitive types used in M-UML itself include: Boolean,
Integer, String, Unlimited Natural[7].

TABLE I. TRANSFORMATION RULES.

M-UML to OWL

Remote Class

<owl:DatatypePropertyrdf:ID="isRemote">
<rdfs:domainrdf:resource="#Remote-ClassName"/>
<rdfs:rangerdf:resource="http://www.w3.
0rg/2001/XMLSchema#boolean'/>
</owl:DatatypeProperty>

I R

“~ClassName

<owl:Classrdf:ID="Remote-ClassName">
<rdfs:subClassOf>

<owl:Restriction>

<owl:onPropertyrdf:resource= "#isRemote"/>
<owl:mincardinalityrdf:datatype="http://www.w3.
0rg/2001/XMLSchema#nonNegativelnteger>1
</owl:mincardinality>

</owl:Restriction>

</rdfs:subClassOf>

</owl:Class>...

A remote class is represented by a data type property and a class OWL. A
remote class can contain behaviors affected by multiple remote mobile
agent, we use the restriction mincardinality to indicate this.

Mobile Class

<owl:DatatypePropertyrdf:1D="isMobile">
<rdfs:domainrdf:resource="#Mobile-ClassName"/>
<rdfs:rangerdf:resource="http://www.w3.
0rg/2001/XMLSchema#boolean"/>
</owl:DatatypeProperty>

<owl:Classrdf:ID="Mobile-ClassName">
<rdfs:subClassOf>

<owl:Restriction>
<owl:onPropertyrdf:resource= "#isMobile"/>
<owl:cardinalityrdf:datatype="http://www.w3.
0rg/2001/XMLSchema#nonNegativelnteger">1
</owl:cardinality>

</owl:Restriction>

</rdfs:subClassOf>

</owl:Class>...

M
ClassName

A mobile class is represented by a data type property and a class OWL. A
mobile class can contain exactly one property concerning the mobility of
their objects.

Affected Class
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<owl:DatatypePropertyrdf:ID="isAffected ">
<rdfs:domainrdf:resource="#Affected-ClassName"/>
<rdfs:rangerdf:resource="http://www.w3.
0rg/2001/XMLSchema#boolean"/>

1 </owl:DatatypeProperty>

M
...... i <owl:Classrdf:ID="Mobile-ClassName">
ClassName <rdfs:subClassOf>
<owl:Restriction>

<owl:onPropertyrdf:resource= "#isAffected"/>
<owl:mincardinalityrdf:datatype="http://www.w3.
org/2001/XMLSchema#nonNegativeInteger">1
</owl:mincardinality>

</owl:Restriction>

</rdfs:subClassOf>

</owl:Class>...

An affected class is represented by a data type property and a class OWL.
An affected class can contain behavior (methods) that is affected
(communicating with) by mobile objects, we use the restriction
mincardinality to indicate this.

C. Meta-model of UML Class diagram

To build M-UML class diagrams in AToM3, we have to
define a meta-model for them. Our meta-model is composed of
two classes and four associations developed by the meta-
formalism (CD_classDiagramsV3), and the constraints are
expressed in Python [8] code (Figure 3).

AToM3 v0.3 using: CD_ClassDiagrams¥3 EEx

FileMenu  Madel Meru  Transformation Menu — Layaut Menu  Export Menu

CD_ClassDiagrams'3

IR e S S e

Associatis Package IR
emeaatien [Attributes AssociationClass
e ——— | - name : String
Attributes:
- trzfame ::ESmng /’\_ﬁ;\;}#}{:s Suing
- type num
-rolel  String - at}ntﬂagﬂ Sugt
- rrincardrole : String - role tring

-mincardrole1 : String
<" | - mexcardrole1 " String

Class - role  String

-mincardrole? : String —]

- maxcardrole2 : String
[Constraints:

= rolecardconst
Multiplicities:

-ToClass: Oto N

- From Class: O to M

- maxcardrole? :: String
-role2 : String
-mincardrole2 : String
- maxcardrole? - String
Constraints:
=rolecardconst
——Multiplicities:
-ToClass: Oto N
-FromClass:0to N

JAttributes.

- Abstract :: Boolean
A - Enumeration :- Boolean
- Interface - Boolean

- Methods & List

- Mobility - Enum
- attribs : List
_ __ - name : String
IMultiplicities

- To Association: 0to N

- From Association: 0 to M

- To Generalization: 0 to N

- From Generalization: 0 to M
-To Dependency: Oto N

- From Dependency: Oto N

- To AssociationClass: 0to N

- From AssociationClass: 0to N

4| | 1|

i de_WDL py' (modified) [Editing transt. Nonamed' (not modified) in file Nonamed'

Multiplicities:
-ToClass Oto N
-From Class: 0to N

— Dependency
e

il
-type  Enum
Multiplicities:
-ToClass Ot N
- From Class: O to N

Fig. 3. Mobile class diagram meta-model

After building our meta-model, it remains only its
generation. The generated meta-model comprises the set of
classes modeled in the form of buttons which are ready to be
employed for a possible modeling of a class diagram. Figure 4
shows an example of a mobile class diagram of a mobile voting
system [19] modeled in our mobile class diagram environment.

AToM3 v0.3 using: mmde_META (==
Fi Meru Model Menu  Transformation flenu Layout Menu  Exgort Meru

2-9.4 mmdc_META
Mg&- ﬂ ﬂ New Clasz | New Package | New Association | New Generaization| Nen Dependency| New assaciationClass

-
E M)
I M

ve vM

|Attributes. Attributes

14V typesstring infvalue= 14N type=String intvalue=

glhndg Methods

{5 ist type =string intuallie= contact GetvofersListtype-suing intanle-  |_|
WIS
VB A

P

1M

Mmoo

Vo
Attributes

10 JV0 type=String init.value=

Logger

[Attributes
id_Lggger type=String init value: 48 Methods

Getl/ote type-String inituvalue-|

\og%e{s

Methods
oglListtype=String init.value=

=

| | |

[Editing transf. Honamed (not modifed) in file Nonamed'

mobile_classes_MDL py' (modified)

Fig. 4. Generated tool for mobile class diagram.

D. The Proposed Graph grammar

To perform the transformation between class diagrams and
OWL ontologies, we have proposed a graph grammar
composed of an initial action, ten rules, and a final action. For
lack of space, and because we used python code to specify the
transformation in the condition and action of each rule, we
have not presented all the rules.

Initial Action: Ontology header

Role: In the initial action of the graph grammar, we create a
file with sequential access in order to store generated OWL
code. To do that, we used Python. We begin by writing the
ontology header which is fixed for all generated ontologies
(Figure 5).

Etng ATON Kansrint ]

o] oo [y
e | FREn g = -
— o TV SpmteTaft e e Tet ]
rOnRELT

E

) A

i 21

o | s

Fig. 5. Ontology header definition.

Final Action: the end of ontology

Role: In the final action of the graph grammar, we end our
ontology. So, we will have to open our file and to add
‘</rdf:RDF>’ (Figure 6).
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Condition

node = self.getMatched {graphID, self LHS.nodeWithlabel({l))
return not hasattrinode, "rule executed”)

-
[ Tr-s
M a—————————— [

<COPIED>

Brbute s

H
)

Methods

Action

node = self.getMatched (graphll, self.LH3.nodeWithLabel(l])
classname = node.name.getValue ()
node.rule executed = True
mob = node,Mobility.getValue () [1]
ahst = node.lbstract.getValue () [1]
interf = node.Interface.getWValue() [1]
if abst == 1:
{ self.getMatched (graphID,
self,.LH3.nodeWithlakbel (1)) .namwe . sectValue (' ibstract-' +olassname
elif interf == 1:
; Eself.getﬂatchedtgraphID,
self,.LH3.nodeWithlakel (1)) .nawe . secValue (' Interface-' +olassname)
obFichier = open('owlcode.owl','a')
node = self.getMatched (graphID, self.LH3.nodeWithlLakel (1))
classname = node.name.getValue ()
if mob == 1:
i EDbFichier.write(‘<0wl:Class
rdf:ID="'4'"Hobile-'+zlassname+' "' +' /> o'
; Eself.getﬂatched(graphID,
self.LHS3.nodeWithLabel (1)) .name.setValue (' Mobile-'+classname
! elif mob == 2:
i EDbFichier.write(‘<0wl:Class
rdf:ID="'4'"Affected-' +olassname+' "'+ S !
; Eself.getﬂatched(graphID,
self.LHZ.nodeWithLabel(l) ) .name.setValue | Affected-' +olassname)
! elif mob == 3:
i EDbFichier.write(‘<0wl:Class
rdf:ID="'+4'"Eemote-' +olassname+' "' +' /> o'
: Eself.getﬂatched(graphID,
self.LH3.nodeWithLabel (1)) .name.setValue (' Fenote—' 4o lassname

g ATOM3Constraint E
| ot | P | 4 _ _
e P E‘;‘EEE JSEED!X-!H f ST x| 15 Tei b

A = -
shFichier = open(
ohFichier. wric
obFichier.close()
oK Cancel

Fig. 6. End of ontology.

Rule 1: Class transformation

Name: class2class

Priority: 1

Role:This rule transforms an M-UML class (all type of classes)
towards an OWL class (cf. Table 2). In the condition of the rule
we test if the class is already transformed. If not yet, we reopen

the OWL file to add the adequate OWL code of this class in the
action of the rule.

TABLE II. TRANSFORMATION OF DIFFERENT TYPES OF M-UML

CLASSES.

V. EXAMPLE

Let us apply our approach on the mobile class diagram
illustrated in figure 4which is borrowed from [19]. It models a
mobile voting system, where a mobile agent VC (vote
collector) gets a list of voters from a stationary agent VM (vote
manager) and visits the VO’s (voters) stations those already
have the list of candidates to collect votes and return them to
the VM that mandated the VC in action. It should be noted that
this example does not claim to be exhaustive but it gathers
most important elements of a mobile class diagram such as:
mobile class, affected class, remote class, association, attributes
and different types of methods. By applying our graph
grammar on this example, we have first obtained the
intermediate graphs shown in figure7.

e VETA
i e ey wowcios| | — r— o ——
[»] |
Ve Exaciting GiaphGrammar. Walling fof user 1o manuslly LEFT-CLICK ransdomaticn 1aiget

[P——— clos2elans_ 6. cder: 1]

Ciose.

contact

[rmobile_classes_MDL py” (modfied) [Editing transf._Nonamed (not modiied) i file Nonamed”

Fig. 7. Intermediate graph

Then we have obtained the graph of figure8 after the
termination of execution of the graph grammar.
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AToM3 v0.3 using: mmde_META (=S
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VM type-Stiin
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Remote-Logger
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W_Logger type-5
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Methads Gotyote type=su Y
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\og_e_‘rs
(=)
<] | =

results_WDL py (modified)

[y gg1_GG_mdlpy’

Fig. 8. Class diagram after execution

In parallel, there is an automatic generation of the file
containing OWL code stored on hard disc validated and
visualized using SWOOP [24] (Figure 9, 10, 11):

B 5W00P v2.3 beta 3 (Jan 2006) EEx

Fie Yiew Bookmarks Resource Holder Advanced About

4 »

}&ddvess‘ http://MabileLMLto. OWL# Mobile_CD_Ontalagy

v

a Ontology List

[ show Inherited [T ChangesfAnnatations [ Ediable

Ontalogy Info | Species Yaldation!

OWL Ontolagy: Mobile CD Ontology

Annotations:
rdfs:label : Written by Aissam BELGHIAT

Add Add [F] Add T
ShowInports. [1] Qiames
Class Tree| Property Tree | List
[P] affe tted-yM GetyotersList
[F] affected-v0 Getvote
=[F] contact
[F] Mobile-vC.vms
&[F] Inverse-contact
Affected-VM.vos
&F] Inverse-log
Remate-Logger.vs
=[] Inverse-visit
Affected-vo ves
=[F]log

[F] Mobile-vC.laggers
[F] Mobile-vC.RequestLogList
o rdfs:label

[F] Remote-Logger.LogList
& [P] wisit

[P] Mobile-vC vas

Loskp | | 1 ortolagies?

Advanced Ontology Statistics:

Total Number of Classes: 4 (Definedt: 4, Imported: 0)
Total Number of Datatype Properties: ¢ (Defined: 4, Imparted: 0)
Total Number of Object Properties: 12 (Defined: 12, Imparted: 0)
Total Number of Annotation Properties: 1 (Defined: 1, Imported: 0)
Total Number of Individuals: 0 (Defined:

0, Imparted: 0)

General Statistics

Property Tree Statistics

Satisfiabie Clags Tree Statistice

DL Expressivity: ELIEN(D)
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Max. Dopth of Property Tree:
Min Diepth of Property Tree: 0
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ez Depth of Class Tree: |

#in. Dopth of Class Tree: 1
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Tree 4

#in. Branching Factor of Class
Tree 4
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Fig. 9. The OWL ontology classes.
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Total Number of Object Properties: 12 (Dfinedt: 12, Imparted: 0]
Total Number of Annotation Properties: 1 (Defined: 1, Imparted: D)
Total Number of Individuals: 0 (Defined: 0, Imported: 0)
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Fig. 10. The OWL ontology properties.
VI. CONCLUSION

The objective of this work is to develop an integrated

environment for modeling and analysis of mobile based
software systems by the transformation of M-UML class
diagrams to OWL ontologies.The approach has been
implemented using the AToM?3tool. For the realization of this
application we have developed a meta-model for M-UML class
diagrams, and a graph grammar named “M-UML20OWL”
composed of several rules which enables us to transform a
mobile class diagram to an OWL ontology stored in a hard disk
file. The generated ontology will be used for reuse purpose,
knowledge sharing, conversation, integration and reasoning on
mobile agent-based software systems.

In future work, we plan to generalize the extraction of

OWL ontologies from others M-UML diagrams since they
represent different aspects of the systems. We plan also to
realize this transformation using other graph transformation
tools such as Triple Graph Grammars [27] which provide
bidirectional transformations.
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<l-- Datatype Properties --»
<owl:DatatypeProperty rdf:about="gaffecred-VIL GetVorershist™s
<rdfs:domain rdf:resource="#Affected-VUI"/>

Fil:  Edit Update Modzl

<hanl version="1.0" encoding="UTF-8"2> = <rdfs:range rdf:resource="sxsd;string"/>
<IDOCTEPE rdf:RDF [
CVENTITY Mobile_CD_Ontology "hetp://MobilelNL. to. OUL#Mobile_CD_ontology™ <fowl DatatypeProperty>
<IENTITY owl “http: /o, w3.org/2002,/07/0ul4">
<UENTITY rdf "HTED:/ /i, w3.orQ/1998 02/ 22-rdE-Syntas-nsg s <owl:DatatypeProperty rdf:ahout="fAffected-Vl. GerVores
<IENTITY rdfs "http://oww.ws.org/2000/01/rdf-schenad™> <rdfs:domain rdfiresource="4Affected-vO" />

<IENTITY xsd “http://wow.w3.org/ 2001/ XULSchenad™>

<rdfs:range rdf:resource="gxsd;string”/

b . <JoudiDatatypeProperty>

<rdf:RDF xml:base="cNobile CD_Ontology.
RS : oWl="50W1;"

sanilns : pdf="grdf 3 <owl:DatatypeProperty rdf:about="#lMabile-VC.Requestloglist™
HmLns: rdfs="crdes; > <rdfs:domain rdfiresource="#lobile-VC"/>

<rdfsirange rdf:iresource="gxsd;string”/>

<1-- Ontology Informstion -—» <fcwl:DatatypeProperty-

<owl:Ontoloyy rdf:about="#Mobile CD_Ontology™
rdfs:label="lritten by Aissan BELGHIAT"/> <ol df: about="§R Logger. LogList™s

<rdfs:domain rdf:resource="#Renote-Logger"/>

«l-- Classes —> <rdfs:range rdf:resource="gxsd;string” >

<owl:Class rdf:about="#iffected-VH">
<rdfs:subClass0f:
<owl:Restriction>
<owliminCardinality rdf:datatype="sxsd;nonflegativelnteger™>0</owl minCardinality>
<owl:onProperty rdf:resource="giffected-Vll.vcs"/>
</owl:Restriction>
<fzdfs:subClass0f>
<rdfs:subClassOf>
<owl:Restriction:
<owl inality rdf S L] welnteger™>-1</owl :maxCardinality>
<owl:onProperty rdf:resource="fiffected-Vl.vcs"/>
<fowl :Restriction>
</rdfs:subClassOf>
<fowl:Class>

<jow]:DatatypeProperty

<l-— gbject Properties ——
<owl:ObjectProperty rdf:about="§Affected-VM.ves">
<rdfs:domain rdf:resource="#Affected-VN"/-
<rafs:range rdf:rvesource="#Mobile-VC"/>
AL g Inver, 38

<Jerl: OhjectProperty>

<owl:ObjectProperty rdf:about="§Affected-¥0.vos">
Affected-V0 />
#Mobile-VCr />

<rdfs:subProperty0f rdf:resource="jlnverse-visit"/>
<jowl:Ohject Property>

<owliClass rdf:ahout=""gAffected-v0m-
<rdfs:subClass0f>
<owl:Restriction>
<owlicardinality rdf:datatyp
<owl:onProperty rdf:resource=
< oWl Restriction-
<frdfs:subClass0f>

<owl:OhjectProperty rdf:ahout="¢Inverse-contact™s
Affected-VI" />
<rdfs:range raf:resource="#Mohile-VC" />
<owl:inverseOf rdf:resource="fcontact”/>
</owld: OhjectProperty>

"axsd;nonllegativeIntegerx1</owl: cardinality-
#affected-V0.vos" />

<owl:ObjectProperty raz:about="gInverse-log">

“fowl: Class:- Renote-Logger” s
#Mobile-VC" /-
<owl:Class rdi:ahout="#Htobile-V"> <owl:inverseOf rdf:resource="§log" />
<rdfs:subClass0f> <fowl: UhjectProperty>

<owl:Restriction>
<owl:ObjectProperty raf:about="§Inverse-wisit™>

<owl:maxCardinality rdf:datatype="sx=zd;nonflegativeInteger™»-1</owl:maxCardinality= <rdfs:domain rdf:resource="$Affected V0" >
<owl:onProperty rdf:resource="#Mobile-¥C.vos"/> <rdfs:range rdf:resource="#Mobile-VC"/>
<jowl:Restriction> <owl:inverse0f rdf:resource="#visit"/>

<frdfs:subllass0f> <fowl:OhjectProperty:

<rdfs:subClass0f>
<owl:Restriction:
<owl:cardinality rdf:datatype="axad;nonNegativelnteger™-1<fowl: cardinality-
<cowl:onProperty rdf:resource="#Mohile-VC.vms"f-
<fowl:Restriction>-
<frdfs:subllass0f- <owl:ObjectProperty rdf:about="§MNobile-¥C.vns">
srdfs:sthClass0f> <rdfs:domain raf:resource="#Hobile-VC"/>
<rdfs:range rdf:resource="#affected-VN"/f>
<rdfs:subProperty0f rdi:resource="§contact”/>
<joul:ObjectProperty>

<owl:OhjectProperty rdf:ahout="4Nobile-¥C. loggers">
i Hobile-VC"/>
#Renote-Logyer” />
<rdfs:subProperty0f rdf:resource="§log"/>
<feul: ObjectProperty>

<owl:Restriction:
<owl:cardinality rdf:datatype="axad;nonNegativelnteger™-1<fowl: cardinality-
<owl:onProperty rdf:resource="#Mohile-VC. loggers"f-

<fowl:Restriction>- <owl:ObjectProperty rdf:about="fMNobile-¥C.v0s">
<jrdfs:subClass0f> <rdrs:domain rafiresource="#Hobile-ver >
srdfs:sthClass0f> <rdfs:range rdf:resource="#iffected-vori-

. <rdfs:subProperty0f rdf:resource="jvisit" />
<owl:Restriction> <iowl:ObjectProperty>
<owl:minCardinality rdf:datatype="sxsd;nonlegativeInteger™-1</owl: minCardinality-
<cowl:onProperty rdf:resource="#lobile-¥C.vos"f- <owl:ObjectProperty rdr:about="#Remote-Logger.vos'>
<fowl:Restriction- “$Renote-Logyer” />
<rdfs:subClass0f> “rdfsirange rdf:resource="#lohile-VC"/>
“rafs:subProperty0f rdif:resource="#Inverse-log"/>

<fanl:Class> <jowl:Ohject Property>
<owl:Class rdf:about="#Renote-Logger™s <owl:ObjectProperty rdf:about="§contact™>
<rdfa:subClass0f> <rdrs:domain rafiresource="#Hobile-ver >

<rdfs:range raf:vesource="fiffected-vi"i
<owl:inverseOf rdf:resource="jlnverse-contact” i
<feul: ObjectProperty>

<owl:Restriction:
<owl:cardinality rdif:datatype="sxad:nonNegativelnteger™=1</owl: cardinality:-
<owl:onProperty rdf:resource="#Remote-Logger.vea”f-

<fowl:Restriction- <owl:ObjectProperty rdr:about="§log">
<jpdfs sClass0f> <rdfs:domain rdfivesource="#Mobile-VC"/>
<rdfsirange rdf:resource="#Reuate-Logger”/>
<fonl:Class> <owl:inverseOf rdfiresource="¢Inverse-Llog />

<jowl:Ohject Property>

<l-- Datatypes —»
<rdfa:Datatype rdf:about="sxad;atring" />

<owl:ObjectProperty rdf:about="§visit">

" 4Hobile-VC" />
$htfected-vO" /-
<cwl:inverseDf rdf:resource="jlnverse-visit”/>
<l-- Annotation Properties —=» <fecnd: ObjectProperty:-

<owl: TomotationProperty rdf:about="srdfs;label”f> SfradiROE - b

Fig. 11. The generated OWL ontology.
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