Xu et al. Modelling emergencyesponse processeSWL and UML

Modelling emergency response processes:
Comparative study on OWL and UML

Wei Xu Arta Dilo

Delft University of Technology, Delft University of Technology,

Jaffalaan 9, 2628 BX Delft, the Netherlandslaffalaan 9, 2628 BX Delft, the Netherlands
Wei.Xu@tudelft.nl A.Dilo@tudelft.nl
Sisi Zlatanova Peter van Oosterom

Delft University of Technology, Delft University of Technology,
Jaffalaan 9, 2628 BX Delft, the Netherlandslaffalaan 9, 2628 BX Delft, the Netherlands

S.Zlatanova@tudelft.nl P.J.M.vanOosterom@tudelft.nl

ABSTRACT

The increasing number of natural and man-madetdisasuch as earthquakes, tsunamis, traffic atisdbas
demonstrated the importance of disaster manageDaister management is complex; it involves mangra
and large amount of information. It is importanurwderstand the interrelations between the DM corapts —
tasks, processes — and the responsible partigers agectors — as well as the flow of informatidhe present
research is a part of an ongoing work on buildintplogy for disaster management in the Netherlafiis.
ontology captures the structure and relations bgletlimg the process, the tasks, the actors anahfobemation.
It represents relations between processes and tatkisons between sectors and actors, tasksréoriation.
By simple inference, it becomes clear which ace®ds what information. Modelling of disaster mamaget
processes can be done is several ways. In thig gap®vork is carried out both in OWL-DL and in UMLhe
OWL-DL and UML have many similarities in that thbgth provide the same elements, e.g., classeibuadts,
relations (UML use the term associations and OWdsuke term properties). However the two languages
designed for different purposes and thus proviffergint facilities for modelling. This paper pretea
comparative study on the applicability of the twapeoaches to the modelling of disaster managenrecepses.

Keywords
Disaster management, ontology, data modeling, OV AIML

INTRODUCTION

In the Netherlands, four sectors are mainly resiptegor disaster management: the fire brigade pilee, the
medical service, and the municipality. Disaster Mgement (DM) is performed by a fixed set of proeess
(Borkulo et al 2006, Diehl et al 2006, Snoeren J0@&ch having a well-defined objective and a rasjie
sector A processis defined as a series of connected assistancenandgementasks performed by several
actors i.e. people from the sectors or organisationslired in DM, fulfilling certain role(s) and respabiities.
Knowing whichinformationshould be available in a given tasks and who ifopming the task, the needed data
can be specified and appropriately delivered tcattier (Zlatanova et al 2007, Zlatanova 2007).

Having this background in mind, a conceptualisatiorequired to make the knowledge of the relatiam®ng
the DM processes, actors, tasks, sectors and iafam explicit. Unified Modelling Language (UML) dn
OWL-DL (Web Ontology Language - Descriptive Logare two of the most used modelling languages. Bbth
the languages are used to represent a domainrtiafmm) by showing its classes and relations ambam. But
the question is which of the two is more appropriar this task.

UML is standardised modelling language for objectdelling widely used by domain experts for expnegsi
their domain knowledge. On the other hand, the epnalisation, which is represented in OWL, is Ugua
considered as an ontology. The ontology is alsal useexpress and share the domain knowledge. UML is
developed for the purpose of general domain madgllapplication system design, database desigrndsss
modelling and so on; OWL is developed for reprasgnsemantic information for the World Wide Web.eféa

are differences between the two modelling languaayas it is not immediately clear which one is more
favourable for the purpose of disaster management.

In this paper, we present our comparative studsherdifferences between the two languages by astadg for
the Dutch emergency management procedures. Prgceastors, tasks and information in the disaster
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management. The paper starts by introducing onyokogl two modelling languages - UML and OWL - and
summarises the major difference and abilities eftthio languages in section 2. Section 3 introdetesses and
relations among them by explaining what these qatscare in the disaster management. The compadkon
OWL and UML language elements are done based omtuz! introduced in section 3. Section 4 summarise
the work.

OWL AND UML

Ontology and object-modelling have developed indepetly from each other but both with the idea ltova
conceptualisation of real world phenomena,

Ontology has been widely used within computer smer.g. Artificial Intelligence, Computational uistics
and Database Theory. Guarino has made a summéng cfirrent research on ontology within computérsme
(Guarino 1998). The most accepted definition ofotogy is ‘an explicit specification of a conceptsation’
(Guarion and Giaretta 1995). fonceptualisationis ‘an intentional semantic structure which encodiee
implicit rules constraining the structure of a @eaf reality’ (Gunarion 1995 and Genesereth anddgih 1999).
We can consider a ‘conceptulisation’ as a modelckvBimply represents our thoughts over a certagblpm.
This model could be words describing things, drasjnnetwork diagrams, logical expressions and so on
However, the meaning of ontology is ambiguous armchyninterpretations exist (Guarino and Giaretta5)99
Guarino has distinguished the meaning of ontolagy suggests more terms should be used for disaatingu
the meaning of ontology (Guarino and Giaretta 198%) matter how the meaning of ontology is intetpde the
goal of ontology is to ‘reduce the conceptual asxninological confusion among the members of ausirt
community who need to share electronic documentbkiaformation of various kinds' (Navigli and Velard
2004) and it is a way of ‘conceptualisation’ (Gesresh and Nilsson 1999).

In this paper, the word ontology is referred to aasconceptualisation which is represented by ontolog
representation language. OWL, which is ‘designadulse by applications that need to process theeobruf
information instead of just presenting informattorhumans’ (OWL 2004), is to provide a standardjlaage for
the representation of ontologies on the World Wideb. It is one of the most used ontology represiema
languages (Badder et al. 2003). OWL has three asaongly-expressive (what can we express using the
language) but decreasingly-decidability (the tirperg on the inference of the represented knowlésidjaite)
sublanguages: OWL Lite, OWL DL and OWL Full. OWL-P&f which the semantics is based on Description
Logic (DL) (Badder et al. 2002), supports the maxim expressiveness without losing the computational
completeness and decidability of reasoning. Thieviohg of the paper will simply use OWL to refer @WL

DL. More of the semantics of OWL can be found OWL elW Ontology Language
Semantics and Abstract Syntax (Patel-Schneiddr 2084)

Object-oriented modelling has slightly differenbt. It has been developed with the idea to hefpneering
projects by building a model about the system. Aded@llows for hiding or masking details, revealitite big
picture’, or alternatively making possible to foous different aspects of the prototype. In the tast decades
many object-oriented modelling languages have Ipeeposed of which UML has been the most accepteld an
developed and currently approved as a standardityrdomains.

UML is a general object-oriented language for reprging application structures, behaviours, archite,
business process and data structuresw.uml.org. It is a visual design notation, which is desigjte integrate
competing proposals for modelling languages in @inea of software engineering (Falkovych 2003). The
language is power enough to show a detailed vieanddpplication, visualise links to other applioat or even

to other domains. Last developments of UML makgogsible to do conceptualisation of business psooes
business rules view. There are nine types of UMigdims Ifttp://dn.codegear.com/article/318§68 which one

is class diagram(Bell 2004). A class diagram gives an overviewao$ystem by showing its classes and the
relations among them and as such it is static. Uldlss diagram is widely used by domain experts/¢oified

by them) for expressing their knowledge of a cartitbmain, it is also a way obnceptualisatior{Baclawski et

al. 2002, Brockmans et al. 2006 and Evans 1998hdmest of the paper, when we talk about UMIs always
referred to as UML class diagram.

Clearly, OWL and UML are developed for differentrposes. UML has a visual design notation, whictmigh
more human-readable and OWL is derived from De8oripLogics, which is meant for inference (Hartagt
2004). Apart form that, OWL and UML differ in exm®ng concepts. Before we further explain, we vedall
the definitions necessary and sufficient conditigasmodified definition which more suits our purpgke
original can be found dtttp://www.sfu.ca/philosophy/swartz/conditionsl. #gaction?:

Necessary conditions: A necessary condition N stdi@t an individual m is a member of a class § onl
if it satisfies the condition N. Thus, if m doed satisfy condition N, then m is not a member afsslC
(But, m satisfies condition N does not tell anythabout m being a member of C or not).
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Sufficient conditions: A sufficient condition S t&ta that an individual m is a member of class @€ if
satisfies condition S. Thus, if m satisfies comults, then m is a member of class C.

In OWL, class is defined in terms of necessary d@rs or necessary and sufficient conditions. Assl is
called partial or primitive if it is defined onlyytmnecessary conditions. A class is called a corepletdefined if
it is defined by both necessary and sufficient dgbos. With that OWL allows us to represent knouge like

‘The Centralist, is a type of Actor, who regist#te incident’. In our conceptualisation, this ipaatial definition

of the centralist, because we know there mightthers (e.g. officer of duty) who can also register incident.
By given the fact that one registers the incidemt,still do not know if he/she is a centralist ot.rOn the other
hand, the knowledge ‘Information that is involveddisaster management consists of the existingrirdtion

and operational information’, which is a compleédinition of information, because information omgnsists of
the existing information and the operational infatimn (no more and no less).

UML does not distinguish between the defined ckasd the partial class. The way that a class isridestin

UML is by listing the attributes and operators theg in a class. UML is based olose world assumptiomhe

close word assumption states that what is not otiyré&nown to be true is false. The counterpapen world

assumptior(this is what OWL is based frnwhich asserts that a system’s knowledge is inderapso that if a
statement cannot be inferred from what is represkint the system, it cannot be inferred to be false

Moreover, since OWL is rooted in Description Logids allows the set operators intersection, unionl a
complement to be used for describing a class. OWlwa us to define hierarchy of a property (propestthe
term used in OWL and it is referred to as the retet between two classes) (for instance, the hibyaof
isAncestor and isParent). OWL also allows userspgecify the characteristics of a property as ttaesi
symmetric, functional, inverse and inverseFuntidnabrder to support the inference (the inferenbiita of
OWL can be found at Bechhofer 2003). Inferencesuatslly done through a reasoner and the most caitymo
OWL reasoners are RacerPtatp://www.racer-systems.cojnfact++ http://owl.man.ac.uk/factplusplysand
Pallet fttp://www.mindswap.org/2003/pellgt/

In a word, the open world assumption and infereatuiity makes OWL different from UML. Besides thhie
language elements (constructors) of both languagedifferent. Before we illustrate the languagemaints
differences, we will introduce the case, which Ww#il used for demonstration.

THE CONCEPTUALISATION OF DISASTER MANAGEMENT PROCES SES

The conceptualisation is done for the purpose wélbping a system that will provide the most appiatp data
to each actor, who is involved in disaster manageniehe ‘most appropriate data’, here is the dhtd &re
primarily needed to successfully perform the tasletor is responsible for.

The disaster management in the Netherlands is rednag a series of connected activities, which adécated
as Process(Snoeren 2006). There are 25 types of procesdesweden the Netherlands (Dieh et al. 2006 and
Borkulo et al. 2006), for instance process ‘obsgowaand measurement’, process ‘traffic controfpqess
‘decontaminating affected people and animals’ amars. Observations and measurements is a procasssth
initiated when release of dangerous substancebdiair, on the ground, in the water) is detectadl @ number
of specialised measurements should be performedmples have to be collected.

Each emergency response organisation is responfble group of processes. There are four primarily
emergency response organisations in the Netherlahedire brigade, the police, the medical senace the
municipality. The four responding organisationsobe to the emergency respor&ector For instance, the fire
brigade is responsible for the processes: ‘observand measurement’, ‘rescuing and technical &sgis’,
‘decontaminating people and animals’ and so onntkdical service is responsible for the procesdioz aid
chain’, ‘psycho-social aid and care’ and so on; pibéce is responsible for ‘clearance and evacuétitraffic
control’ and so on; the municipality is responsilibe ‘advice and information’, ‘relief and care’damage
registration of victims’ and so on. In other wortlse 25 processes are organised into four clusteliseach of
the clusters has its responsible organisationdgect

Actorsare generally the end users of a system for @isasanagement, who can play different roles, remf
emergency operator (centralist) to policy makerriy disaster management, various actors will getlved,
e.g., the fire brigade teams, the medical workethe medical service, the traffic controller frohe police, the
municipal worker for the municipality. In many ideints, the actors remain restricted to those frioenfour
primarily responding sectors.

Within each process, an actor may need to perfaffarent operations on the system in order to Fuiiis
responsibilities. The operations that the actorfgoers on the system are representedraskin our model.
Every process consists of a set of tasks, e.gpribeess ‘observation and measurement’ considts&f register
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the incident’, ‘identify the incident area’, ‘pragathe measurement plan’, ‘obtain the measurenasit,t'send
the measurement’ and ‘compute the gasmal’.

Each actor needs data to perform his/her taskhéishe can also deliver data to the system. TreetHat are
either required or produced by the task is indidasInformation Two types of Information are identified as
existing information and operational informationsually a task requires some existing (and/or ojmaral)
information and produces some operational inforomatFor instance, the task ‘register the incidentates the
information of the incident, which is operationafdrmation; the task ‘prepare the measurement pleguires
the information about existing features like builgh, roads, surrounding area, but also operatidat like
location (address) of incident and location at \attee measurements hate to be performed.

Relation Marne Source Target Description
Express the relationship between the
Sector and the Process, specify which
sector is responsible for which
process
Express the relationship between the
=P antof watkln watkln Actor Sector |Actor and the Sector, specify which
actorworks in which sector
Express the relationship between the
isPartOf Task Process Task and the Process, specify which
Actor task iz a part of which Process
Express the relationship betwesn
perfarm Actar Task Actor and Task, specify which actor
petorms which task
produce Express the relationship between the
reguire Task Information task and the Information, specify
which task requires what information
Express the relationship between the
Information produce Task Infarmation task and the Infarmation, specify
which task produces what infarmation
Generalisation relation between the
(super class and the sub class

Process Sentor

isResponsible for | Sector Process

Task

perform

require

iS4

a). Ahstract classes Hierarchy h).Relations among ahstract classes

Figure 1. Abstract classes Hierarchy and relationé the model

Process, Sector, Actor, Taskd Informationare the most important concepts in our model &edefore they
form the top-level classes. Figure 1 shows theser of the classes and the most important relatimetween
that are included in the model. While Figure lasiltates the classes and the relationships usengthL class
diagram, Figure 1b explains the meaning of the tedtaelationships. Furthermore each of the fiveleyel
classes has its subclass, which is modelled as redation. For instance, each of the 25 processesProcess;
each of the four first responding organisationa 8ector; each of the emergency workers is an Astdrso on.
In the following UML diagram, the ‘isA’ relation Wibe represented by generalisation and will noekglicitly
stated. The relations apply to the super classsanthey do with subclasses. We further elaboratdeinby
showing the subclasses. Since the subclasses iggentany (e.g. Process consist of 25 subclassesyyilvuse
the process ‘observation and measurement’ as anga&aThe UML class diagram in Figure 2 shows tloeleh

‘Observation and measurement’ is one of the sevecegses for which the fire brigade is responsibhe class
Fire Brigade together with the other three clas#les,class Police, the class Medical Service amedcthss
Municipality, which represent the other three resfing organisations, are subclasses of Sector.rdla¢ion

‘isResponsibleFor’ between the class Fire Brigade the class Observation and Measurement, repsetant
fire brigade is the responding sector for this pesx
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Figure 2. UML class diagram for the process ‘obsewation and measurement’
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Several emergency officers, such as the centrali, first measurement team, the second to thé fift
measurement team, the advisor for dangerous sulestatme ROGS (regional officer for dangerous suttss)
and the BOT-im (policy support team for environnamtcidents), are responsible for the tasks ia fibcess.
These emergency officers are made subclasses aflahe Actor and relation ‘workin’ relates them twite
class Fire Brigade to represent that they all ftbenfire brigade.

This process consists of six tasks: ‘register theident’, ‘identify the measurement area’, ‘prepdhe
measurement plan’, ‘obtain the measure plan’, ‘ser@measurement’ and ‘compute the gasmal’, whieh a
made subclasses of the class Task. The relatiBari®©f connects each of the tasks to process fohtien and
measurement’ to represents what tasks this preoesists of.

Each task is carried out by one or more actors the relation ‘perform’ connects each task with déictor, who
performs the task. The Centralist performs the taegister_the_Incident. The Centralist also perfotask
Identify_the_Measurement_Area and the Prepare_teasMement_Plan. The other actors are connectée to
tasks which they perform.

Information is identified as Existing Informatiomé Operational Information, which are representedveo
subclasses of the Information. More specific infation are further identified and represented aseeithe
subclasses of the Existing_Information or the Oty@nal_Information. The information about the Paidn,

the Building, the Road, the RiskMap and the Metmimal Information are subclasses of the
Existing_Information. The information about the ittent, the MeasurementTask, the Measurement and the
Gasmal are represented as the subclasses of thatiOpal_Information.

COMPARISON BY THE CASE STUDY

This section compares the modelling approachesME @nd OWL. In order to make the comparison of case
study meaningful, we need to restrict the contdrisn the two languages we are going to consider. As
mentioned previously we focus on UML: classes, sdas attributes, relationships between classes, and
multiplicities, which will be compared with classasd properties used in OWL. The conceptualisdiborthe
process ‘observation and measurement’ as giveigime 2 will be used to discuss the differenceshim two
modelling approaches.

Classes

Classes are used to represent the concept in aiontdch is a set of instances that belong to thass. Both
UML and OWL use classes to represent conceptsdoizain. UML describes the class by defining the eain
the class, listing the class’ attributes (and ojpesd and defining associations with other clas€d§L describes
the class by defining the name of the class anthgjithe necessary conditions (NC) or the necesaady
sufficient conditions (NSC) of the class in ternfigpoperties (the word property is used in OWL éfer to the
relation between two classes).

The figure 3 and figure 4 defines two classes $emtol Actor (we omit the classes’ attributes fanglicity
reasons when we do not consider the class’ atgf)uh UML class diagram and OWL. OWL declares s#as
by owl:Class language element and rdf:ID is usegite the class a nhame (rdf:ID are RDF tag, whichsed to
give the class a unique identifier (Beckett 200Afjer the class has been defined, the class’ nezanebe used
to define instances.

Sector Actor

=zowl:Class rdf:ID=""8ector" /=
=zowl:Class rdf: ID=""Actor""/=

Figure 4. OWL representation of Sector and Actor

Figure 3. UML class diagram of Sector and Actor

Both of UML and OWL allow users to declare classgiing it a name. However, they differ in desanifpithe
classes. The next section explains how they diffelescribing the classes’ attributes.
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Classes’ attributes

In OWL, there is not a direct way to define thesskes’ attributes as UML does. In OWL, classesilattes are
represented through properties. OWL uses the wanaperty’ to represent the relationship between ¢lagses.
In OWL, the class’s attribute is regarded as thatimnship between the class and the attributge.tyfhe are
two types of property in OWL: owl:datatypePropeatyd owl:objectProperty (OWL 2004). If a class isted to
the primitive types, which are defined by RDF kisror XML Schema (such as string, integer, lond act.),
owl:datatypeProperty is used (OWL 2004). Othervosé:objectProperty is used. Similar constructs ekis

«<owl: DatatypeProperty rdf: ID="sector Code'>
Sector

<owl:Obj ectProperty rdf:ID="loc ation"> =rdfs: domain rdf:resource="#S8ector"/>

+ losation: Location <rdfs: domain rdf:resource=""#Sector" />
sectorCode: String =rdfs:range rdf:resource="#Location"/> =towlDatatypebroperty>

+ sectorll: Lon : S %
g =/owl:OhjectPr operty= =<owl:DatatypeProperty rdf:ID=""sectorID">

=rdfs:range rdf: resource="' &xsd; string" /=

+

=rdfs: domain rdf:resource="#Sector"/>

=rdfs:range rdf:resource="" &xsd; string" /=

Figure 5. UML's Attributes <fowl:Datatyp eProperty>=
ObjectProperty DataTypeProperty

Figure 6. OWL'’s Properties

UML as well. In the next example in Figure 5 andufe 6 Location is data type, which has to be autditly
defined, for example as a triple of floats (for¥and Z), or as String (Address).

In figure 5 the UML class diagram of Sector defities sector class and its three attributes: loogtichere the
sector is located) and location is of type Locatishich is a user defined class, sectorCode (auenstying code
for the sector) and the sectorID (the identificatmf a sector). Figure 6 represent the same ca§&3WL. In
OWL, owl:ObjectProperty and owl:DatatypePropertg ased to declare properties in OWL; rdf:ID is teeg
the property a uniqgue name; rdfs:domain and rdigeafor a property corresponds to source and tdoget
directed relationships in UML class diagram. Iflass has been defined using <owl:class rdf:ID=%\eme’>,
it can be referenced as rdf:resource="#classNaiffee. owl code <rdfs:domain rdf:resource="#Sector'eams
the domain is Sector class (because Sector hasdafiered before rdf:resource="#Sector’ is usedefemrence
the class). Three owl properties are created, ilmtgowl:objectProperty, Location is not of primvié types, thus
use owl:objectProperty), sectorlD (owl:.datatypefrty) and sectorCode (owl:datatypeProperty) (stramgl
long are primitive types, thus use owl:datatypePrty). The three properties relates Sector to lionaString
(&xsd;string, xmishema of String) and Long (&xsatp xmishema of Long). This is the OWL's way of
expressing attributes for a class. Apart from repnéing a class’s attributes, owl properties as® alsed to
represent the relationships between classes.

Relationships

Relationships in UML class diagram are generaliseti aggregations, associations, compositions,ndiepeies
and interfaces. OWL does not provide dependenaistface aggregation and compositions. Thus we onl
consider generalisation and associations.

<owl:Class rdf:ID="FireBrigade">=

Sactor «<rdfs: subClassOf rdf:resource=""#8ector"/>

=fowl:Class>
% <owl:Class rdf:ID=""NedicalService" =
| | zrdfs: sub ClassOf rdf:resource=""#Sector" /=

<fowl: Class-
zowl:Class rdf:ID="Municipalicity''=
«<rdfs:subClassOf rdf:resource=""#8ector" />

FireBrigada Police Medical_Service Kuni cipality

Figure 7. UML class diagram of sector and its subekses zowl:Clags rdf:ID=""Police'>
<rdfs: sub ClassOf rdf:resource=""#Sector" /=

<fowl:Class=

Figure 8. OWL representation of generalisation
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Generalisation is ‘is_a’ relationship between tvi@sses (the super class and its subclass), whitkeasily be
represented in both UML and OWL. The UML in figurerepresents four subclasses of class Sector: the
MedicalService, the Municipality, the Fire Brigadad the Police. The OWL code in figure 8 usespifoperty
rdfs:subClassOf to declare that a class is a ssbdbhanother. Note that the declaration of thatieship with

the super class is done while declaring the clasBFgade.

Associations are relations between classes in UMbijch describe the relationship and the rules (the
multiplicity and the direction of the relation) thagulate the relationship. In OWL, owl:objectPedy is used

to represent the relation between classes, withdtdreain indicating the source and the range iniigathe
target. The UML in Figure 9 defines the associatjgerform’ to represent the Centralist performs task of
Register_the_Incident. In Figure 10, OWL createsoatiobjectProperty perform and restricts its damand
range to be the Centralist and the Initiate_thedbrd.

zowl:Ohj ectProperty rdf: ID="perform" =

Centralist Initizte the_Incidert
perfarm

=rdfs: domain rdf:resource="#Centralist" />

=rdfs:range rdf:resource="#Initiate_ the Incident" /=

. . fowl:OhjectPr
Figure 9. association between two classes SRR R SR

Figure 10. OWL object property

OWL is a bit reached in describing the charactiedsof a property than UML in relationsips. A ussn

specify: transitive, symmetric, functional, invedfeand inverseFunctional Property. Apart from th@iVvL

allows the users to specify the sub-property ofaperty. Those two characteristics are not presedML class
diagram. The ontology of disaster management pseseso far does not include any involvement ofgitiese
properties restrictions, thus we only give abstiafgrence usage that these properties restrictansbring. In
the Table 1, P, P1, P2 represent OWL object prigserx, y, z represent instances that are derikaa tlass
and that are related by properties, ‘=" means exjeit. The declaration of property’s characterssig done
with OWL and the inference is accomplished thro@YNL reasoners.

FropertyMame Conditian Inference
TransitiveProperty Fix,y) and Piy,z) Pix,z)
SymmetricProperty P,y Fly )
FunctionalProperty Fix,y) and Pix,z) ¥=3Z
InverseOf P10y, inverseORP1 P2 P20y 00
InverseFunctionalProperty  Ply.x) and Pz x) y=z

Table 1. OWL inference properties

Furthermore, in OWL, the property can be definethaut defining either its domain or its range. Feperty
defined in this way can be applied to any classesnéin) and the range can be set to any classesthén
words, OWL allows users to define the owl:prop@fybally and use it locally.

OWL uses owl:Restriction to put constraints on preperty within a class. The owl:Restriction is lirted
inside a class, which mean this restriction is ovdyid for this class. UML can consider constraiots the
classes only by attaching a text describing thescaimt to it.

Owl:onProperty specifies to which property the nietibn is on and someValuesFrom specifies the eaofghe
property. The Figure 11 shows how OWL representatiefines a owl:objectProperty perform (whitout
specifying its domain and range). Inside Measurdiream_01, the range of perform is defined to be
Obtain_Measurement_Task. Inside the Centralist, tdwege of the property perform is defined to be
Register_Incident.
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Figure 11. Restriction on properties within a class

Apart from owl:someValuesFrom, OWL also uses oW:alueFrom to restrict a property within a classhé&M
owl:allValueFrom is used with a property, it restsi the range and no other values are allowed. eVhil
owl:someValueFrom is used with a property, it ieitrthe range but other values are allowed. SDMA. has a
deep grounding on Description Logics and Deschipliogics has formal descriptions of allValuesFrond a
someValuesFrom, interested readers can refer tdeBas al. 2003.

Aggregation and composition, which represent the-ywhole relations in UML, are not supported by OWL
language. Thus owl:objectproperty with key wordsghsas ‘is_part_of’, ‘consist_of should be usedt@ad.
However, OWL provides more possibilites to représetations between two classes, such as owl:etgrita
owl:disjoint, owl:unionOf, owl:intersectionOf andvaicomplementOf, which can be used to define retei
between classes more precise than in UML.

Multiplicity

UML allows the user to specify the multiplicity fohe association’s source and target. OWL achiévissby
specifying the cardinality of an owl:property irckass. OWL allows users to define the owl:cardigakxactly

1 (exists exactly one occurrence), min (the minimamber of occurrence) and max (the maximal number
occurrence). However, the multiplicity of a relati® two ends in OWL should be specified through two
properties (one property and its inverse propeifife Figure 12 shows UML class diagram of multipfiof
workln and the multiplicity represents many to aeéation between the Centralist and the FireBrigake
OWL in figure 13 wuses <owl:cardinality rdf:datatyi&xsd;int”>number</owl:cadinality> or
<owl:mincardinality rdf:datatype="&xsd;int">numbefswl:cadinality> to specify the cardinality (numbis
the numbers of occurrence, owl:mincardinality desdathe minimal occurance and owl:cardinality declhe
exact occurance) and uses <owl:onProperty rdf:resgtipropertyName”> to restrict to which propertyet
cardinality is applied.

<owl:Class rdf:ID="Centralist':>
< owl:Restriction:-
< owlionProperty rdfiresource="#workIn" /=

< owl:cardinality rdf:datatype="_8xsd;int":>1
! < fowlcardinality>
< fowl:Restrictionz

wotin < jow|:Class>
<owl:Class rdf:ID="FireBrigade" =
< owl:Restriction:
< owl.onProperty rdfiresource="#inverse_of_workIn" /=
< owliminCardinality rdf:datatype="8xsd;int" =1
< fowl:minCardinality>
< fowl:Restriction:
< fowl:Class>>

FirsBrigade

Certralizt

Figure 13. Cardinality in OWL
Figure 12. Multiplicity in UML
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Instance

Normally instances will not appear in UML classgtiam. In OWL, the term ‘individual’ is used to ref®
instances. The instance is created also using ahguhge tag <owl:Thing rdf:ID="instancelD"> and i
declared as an instance of a class by specifyidfjtype rdf:resource = “className”>, where instdbcis the
unique identifier (such as the name) of the insteanod className is the class to which the instaslomgs. For
instance, the class Centralist is used to represdktite actors who play the role as centraliststhere might be
several persons working as centralists. In Figdr©WL uses <owl:Thing rdf:ID = “instancelD"> to dace an
instance and use <rdf:type rdf:resource="ClassNanfigistancelD is the unique identified given to thstance
by the user and ClassName is the class from whiehinstance is derived from). In this way, the €las
description as well as the instance can be présehé same file.

Figure 14. Example of OWL instances for a Centralis

DISCUSSION

In this paper, we introduced our conceptualisaibBM processes and our model consisting of Prooss®r,
Task, Information and Sector. The concepts wereatted! using the two modelling languages UML and OWL
as only the UML was taken into account.

As immediately obvious, UML is better readable hyrans since it gives a visual overview of classad a
relationships. In this respect, UML is more appiaterin the process of conceptualisation, whendilegiwhich
classes and relationships should be considerednf@delling process has showed the same patterme Boene
attempts to overcome this disadvantage of OWL lyviging plug-ins for visualising the classes andirth
relationships (Brockmans et al. 2006).

Classes and attributes can be defined in both Egegiapproximately the same way. However, OWL allfow
stricter description of attributes. Since the htité (i.e. property) is considered as a kind ohtiehships
between class and attribute’s type, it can be ddfimdependently from the class and repetitivelgdudT his
ensures that the meaning of the attribute is exdlod same. In contracts, UML allows attributeshwidentical
names, which belong to different classes to difféis property of OWL can be used in DM to repreésgecific
terms used in the different emergency responsersed®WL is lacking the notation of operations, ethare
part of the UML class description. Operations stddw¢ modelled as a special type of properties.eSive have
not considered operations in our model, our expedéan the way they can be represented in OWLrigeid.

The large difference between the two languages ikeé description of the relationships (in UML) moperties

in OWL. Some relationships are clearer to be exm@sby UML (aggregation, composition, dependency,
interface), while others with OWL (transitive, syratric, functional, inverseOf and inverseFunctional)OWL

it is possible to define sub-properties and restiiem. UML would require for this switch from ctadiagram
for example to state chart diagram. Our concepgtatidin did not require the definition of sub-prdgeeither.
OWL and UML differ with respect to the notation efuivalent or disjoint. UML lacks the semantics of
‘equivalent’ (being based on close word assumptiewgn though an ‘equivalent’ or a ‘disjoint’ asstion can

be created explicitly in UML and two classes canddated with these two relations.

The general conclusion is that the two languagescampatible in the modelling part of static eveats what
UML class diagram is designed for) and when singaees are considered. The advantages of OWL would
become more apparent when logic and reasoning dghmilapplied. For example, the search for the most
appropriate data would be more flexible and effitiesing OWL. First implementations (not discussethis
paper) have shown that concepts described in OVelitéde selective search and extraction of iteragy.(
‘buildings’) from particular data set (e.g. larggographic map, small scale map). It should ndbbgotten also
that UML has eight more diagrams which are not stigated in this study.
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As mentioned above, users can also specify inferenles in OWL. For instance, if we want to derihe
relation between the actor and the information,nged to specify a rule like ‘require (Task, Infotiom) *
perform (Actor, Task) -> require (Actor, Informatio, which means if there is a ‘require’ relatiortveen a
certain task and a certain type of information #rete is also a ‘perform’ relation between a cer&dtor and
this task, then (it can be inferred) there is @uiee’ relation between this actor and this typendérmation.
Having the relations between Actor-Task and Tad&rmation and this rule defined, we can infer thiation
between the Actor and the Information. However,mentioned earlier, this inference will be accontpid
through reasoners.

The implementation of the model in UML and OWL aldiffers. UML class diagram may change when
implemented for different applications. For examipiaie model is going to be used as a data madBhitabase
Management System (i.e. classes should be mappeéldtional tables), some classes may be omitted or
subclasses (with same attributes) can be orgamisedttributes of super classes. Generally, a dassbe
mapped to a table, but variations can exist. Thastms depend very much on the type of attribated
relationships that have to be persistent in thea datdel. For example, the five tasks of processasuement
and observation’(as given is figure 2) may be oiggh as instances of the process by defining apiptep
attributes to distinguish between them. The suf@ssdProcess may not be considered for mappingahle. On

the other hand if the UML class diagram is usedewelop a C++ application, it can be implemente izs

Since OWL incorporates the instances (usually UNéss diagram does not work with instances), itassible
to have instances and classes in the same file.wBen the number of instances grows large, it igemo
appropriate to store these instances into datalm@s®gement system, such as Oracle 11g semanticadata
(http://www.oracle.com/technology/tech/semantic_tedbgies/index.html When OWL is implemented in
Java, it is not mapped directly because the relatéan not be directly applied to classes (Kalyaepal. 2004).

OWL is for modelling the classes and the relatibng when applications are built, it should be uséth
reasoners. With the help of reasoners, the consigtef a model represented in OWL can be checkegdifehe
relation is used with proper classes (checkingddmain and ranges), if the definition of a classadsrect
(checking the property’s owl:someValueFrom and aliWalueFrom). The inference can be also accometish
based on the rules defined in OWL.

The study can also be used as a staring point timedeules for model transformation between the two
languages. Currently there are many tools (RacefRritet, FACT), which are used for checking thasistency
and doing the inference on OWL. However, theretows to automatically convert UML to OWL and vice
versa. This would be very useful as for some psepdhe same concept might benefit from the prigzeof
one particular language.

Next shortly coming step will be building ontolofpr several processes and an application thatdsgithonstrate
the reasoning power of ontology (OWL-DL).
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