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Abstract: The application of Ontologies for solving interoperability problems has been widely recognised across multi-
ple domains. Ontologies, by virtue of the shared conceptualization that they provide, may be communicated between people
and application systems thereby facilitating interchange, interoperability and common understanding. The Modeling & Sim-
ulation (M&S) community’s XMSF charter also prescribes the use of ontologies for the definition, approval and interoper-
ability of complementary taxonomies that may be applied across multiple simulation domains.

Our current research investigates the use of a Web-Based, Ontological formalism as the basis of Synthetic Environ-
ment (SE) representational semantics. We leverage upon existing standards for SE representéfah:tyabling the
SEDRIS Data Representation Model (DRM). We propssddnto - SyntheticEnvironmentData Representatio®ntology,
an ontology to be used within the M&S domain for the representation of data pertaining tosad#to is based on the
SEDRIS DRM, which is dSO/IECstandard widely adopted within the M&S community for the representation of data per-
taining to a SE. The recently releas&3C recommendation for the representation of web ontologies, namel\Wtie
Ontology Language(OWL), is utilized for representingedOnto. OWL provides aVeb-Basedormalism for representing
taxonomy/domain hierarchies that could be reasoned upon. It consists of a rich set of knowledge representation construc-
tors and is based on a expressive clad3escription LogicgDL) thereby facilitating formal reasoning over OWL described
resources. We illustrate how OWL's domain description constructors can be used to reflect the SE semantics.

Applications of our High-Level Web-Ontology based SE representation are aplenty; However, for the purposes of this
paper, we shall highlight Web based sharing of SE semantics - Bartinctural’ and 'Thing Level, and the application of
existing OWL/DL based reasoning systems and agent frameworks for performing terminological reasoning over SE objects.

1. Introduction The eXtensible Modeling andSimulation Framework
(XMSF), which is defined as a composable set of standards,
The application of Ontologies for solving interoperabil- Profiles and recommended practices for web-based model-
ity problems has been widely recognised across multipleing & simulation (M&S), envisages the use of XML-based
domains. Ontologies, by virtue of the shared conceptualiza-markup languages, Internet technologies and Web Services
tion that they provide, may be communicated between peo-tO facilitate the emergence of a new generation of interop-
ple and application systems thereby facilitating interchange, erable distributed M&S applications. The XMSF findings
interoperability and common understanding. and recommendations repart [2] on the challenges of Web-
An ontology typically consists of a hierarchical descrip- B2sed Modeling and Simulation suggests the use of ontolo-
tion of important concepts in a domain, along with de- 9i€s to allow the definition and approval of complemen-
scriptions of the properties of each concept. The degree of @y taxonomies that can be applied across multiple XMSF
formality employed in capturing these descriptions can be @PPlication domains. The emphasis in XMSF is placed on
quite variable, ranging from natural language to logical for- €Stablishing concensual common meaning not only within

malisms, but increased formality and regularity clearly fa- 9r0UPS, but to be truely useful, also among groups. As spec-
cilitates machine understandirig [1]. ified in the XMSF charter, this would involve the use of



such XML based technologies such as XML Schema, RDF, - Web-Based sharing of SE semantics and Terminological
DAML+OIL etc. reasoning over SE objects. Finally 8ection[§ we con-
This paper presenteddnto — SyntheticEnvironment clude with a few remarks on future and work-in-progress.
Data RepresentatiorOntology, an ontology to be used
within the M&S domain for the representation of data per-
taining to a SE. We leverage upon existing standards for SE
representation byWeb-Enabling the SEDRIS Data Rep-
resentation Model (DRM), which is ¥O/IEC standard
widely adopted within the M&S community for the repre-
sentation of data pertaining to a SE. The recently released] nt
W3Crecommendation for the representation of web ontolo-

gies, namely thaveb Ontology L.anguage(OWL), is uti- of environmental data and thelnterchange of environ-

lized for representlngsed)n.to. Since OWL is a relatively mental data sets To accomplish the first, SEDRIS tech-
newer W3C recommendation|[3] developed as a successor

to DAML+OIL, our research completely involves the use nology contains a Data Representation Model (DRM),

L _augmented with an Environmental Data Coding Speci-
g;ﬂ\ile\}/;_.i;he novelty of the approach suggested in this pa fication (EDCS) thereby capturing and communicating

meaning and semantics. To quote the SEDRIS refer-
1. Theuse of an Ontologyo represent synthetic environ- ence document:
ment semantics thereby providing a source of shared
and precisely defined terms that can be used as meta*The EDCS provides a mechanism to specify the envi-
data. ronmental "things" that a particular data model construct

2. Utilizing a high-leveformal Description Logic based 1S intended to represent. That is, a "tree” could be rep-
language namely OWL, to model the ontology in- resented alternatively as a <Point Feature>, an <Ag-

stead of using a pure schema or interchange mediumdregate Geometry>, a <Data Table>, a <Model>, or
such as XML. The formal basis of the language makes SOM€ combination of thqse and other data modeling con-
it more accessible to automated processes thereby faStructs from the DRM. Which of these th_e data modele_r (i.e.,
cilitating machine understanting. Moreover, being the the data provider of a SEDRIS transmittal) chooses is or-
language of the Semantic Web, its use for SE represenihogonal to the semantics of the "thing” that is repre-
tation contributes towards the XMSF web-based mod- Sented (and its location).”

eling and simulation vision.

2. Background
2.1. SEDRIS DRM

Synthetic Environment Data Representation and
erchangeSpecification SEDRIS) technology is fun-
damentally about two key functions[4Representation

For the second function, it is not enough to be able to
clearly represent or describe the data, we must also be able
to share such data with others in an efficient manner. For the
interchange part, the SEDRIS Application Program Inter-

sedDnto is a part of a bigger project involving the auto- face (SEDRIS API), the SEDRIS Transmittal Format (STF)
matic transformation of a SEDRIS based synthetic environ-and all the associated tools and utilities play the primary
ment to a web-ontology based representation scheme. Postole. Note however that all these component technologies
poning further discussion pertaining to the automated trans-are still semantically coupled to the DRM.
formation to Sectiof]5, henceforth we refer to itEOWL The SEDRIS DRM is an object-oriented data represen-
- SEDRIS To OWL Transform. tation model, and provides a unified method for describ-

The rest of the paper is organized as followsSectior| 2 ing all data elements, and their logical relationships, needed
presents the background material for this paper that may beo express environmental data in a seamless manner across
selectively read depending on the readers area of expertiseall environmental domains. The DRM is at the heart of
Sectior[3 which is the core of this paper, presents our work SEDRIS technologies, and is based on object-oriented tech-
involving the construction of the SE representation ontol- niques, the characteristics of which are described using the
ogy. Our approach here is to engage the reader in a illus-Unified Modeling Language (UML)L[5]. It consists of a
trative walkthrough of the ontology construction process — large variety of object-oriented classes that allow the de-
mapping the SEDRIS DRM meta-level to corressponding scription of any environmental data, regardless of resolu-
ontological constructors in OWL followed by demonstrat- tion, domain, or density. The combination of these classes
ing the actual use of each of those constructors. Here, weand their relationships provides a rich, powerful, and ex-
also discuss some of the problems encountered and the apressive schema that can be thought of as the grammar of
proach taken to solve them. Bection[4 we present two  alanguage for describing environmental data. The SEDRIS
of the most important applications envisagedsefOnto DRM supports the definition of elements such as abstract

3. Leveraging upon an existinBE representation and
interhange standardnamely SEDRIS, as the basis of
our ontology and in effect Web-Enabling it.



and concrete classes, logical relationships such as associa-

tion, generalization and aggregation. Usual N-by-N (mul- Constructor DL Syntax | Example

o . . intersectionOf Cin...NCx | Human T Male

tiplicity) between elements as well order and the direction unionOf CyU...UC, | DoctorL Lawyer

(one-way or two-way) of association between classes too complementOf -C -Male

may be specified. oneOf {z1}U...U{z,} | {John}u {mary}
SEDRIS technologies, to achieve the objectives of broad allValuesFrom e vhasChild Doctor

) ) someValuesFrom IrC JhasChild.Lawyer
use, have been standardized under the International Stan- . carginality <nP <1hasChild
dards Organization (ISO) and International Electrotechnical minCardinality >nP >2hasChild

Commission (IEC) and aStandardization for Agreements
(STANAGS) for NATO use. Additional information and ac-
cess to these technologies, standards and technical publica-
tions can be found at[6].

Figure 1: OWL Class Constructors

2.3. OWL
2.2. Description Logics (DL) OWL is an ontology language specifically designed for
use on the semantic Web; it exploits existing web standards

Description Logics is the most recent name for a family (XML and RDF), adding the familiar ontological primitives

of knowledge representation formalisms that represent theof object and frame based systems, and the formal rigour of
knowledge of an application domain (the world) [7]. De- a very expressive Description Logic (DL)/[9]. The logical
scription Logics are descended from the so-called ‘Struc- basis of the language means that reasoning services can be
tured Inheritance Networks (SIN)"[[8], which were intro- provided in order to make OWL described resources more
duced to overcome the ambiguities of the early semanticaccessible to automated processes thereby allowing one to
networks and frames. However, unlike its predecessors, DLinfer implicitly represented knowledge from the knowledge
based languages are equipped with a formal, logic-based sethat is explicitly contained in the knowledge base. From a
mantics. As such, the emphasis of these languages is oriormal point of view, OWL can be seen to be equivalent to
reasoning services that allow one to infer implicitly repre- a very expressive description logic, with a OWL ontology
sented knowledge from the knowledge that is explicitly con- corresponding to a Dterminology(Tbhox).
tained in the knowledge base. Description Logics support
inference patterns that occur in many applications of intel-

. . . . . Axiom DL Syntax | Example
ligent information processing systems, and which are also s pciassof C1C 0y | HumanC Animalr Biped
used by humans to structure and understand the world, for :qqi\{am?tcr:ass 515 (EQ maln EEHuFmanlﬂ Male
. . . T . isjointWi 1 E=Cs ale C -Female
example: classification of concepts and individuals, iden- g o giqualas (01} = {za} | {President Bush} = {G W Bush}
tifying subconcept-superconcept relationships (called sub- differentFrom {21} C ~{zp} | {john} C ~{peter}
sumption relationships in DL) between the concepts of a SubPropertyOf PLEP, | hasDaughter L hasChild
. . equivalentProperty Pi=P cost = price

given terr_nmology, and thus allow one to structure the_ ter- inverseof PL=P, | hasChild = hasParent~
minilogy in the form of a subsumption/inheritance heirar- transitiveProperty PTLCP | ancestort C ancestor
chy functionalProperty TC<1P | TC <lhasMother

' inverseFunctionalProperty | TC 1P~ | T C <1hasSSN~

The Knowledge Base (KB) of a typical DL based sys-
tem comprises of two components, the TBox and the ABox.
The TBox introduces the terminology, i.e., the vocabulary
of an application domain, while the ABox contains as-
sertions about named individuals in terms of this vocabu-
lary. A DL system not only stores terminologies and as-  OWL comes with three sub-languages, viz OWL Lite,
sertions, but also offers services that reason about themOWL DL and OWL Full, which differ in terms of various
Typical reasoning tasks for a terminology (TBox) are to constructs offered and/or the flexibility of constructor us-
determine whether a decsription is satisfiable (i.e., non-age. OWL DL and OWL FULL essentially offer the same
contradictory) , or whether one description is more gen- constructs. However, their diference lies in restrictions on
eral than another one, that is, whether the first subsumeshe use of some of those features and on the use of RDF fea-
the second. Likewise, important problems for an ABox are tures. Fig| IL and Fig[fillustrate the various class construc-
to find out whether its set of assertions is consistent, that is,tors and axioms provided by OWL that may be used to com-
whether it has a model, and whether the assertions in the
ABox entail that a particular individual is an instance of a 1  Albeit anonymous, Figure 1 and 2 have been adapted from external
given concept description. sources

Figure 2: OWL Axioms




Later in the section, we illustrate how such unsupported el-

Table 1: DRM to OWL Construct Mapping ements are accounted for in the mapping process.
DRM Meta Level OWL Equivalent
3.2. Representing DRM Semantics in OWL
Class owl:Class
Abstract Class No direct support
Sheet: 1 Transmittal Root and Environment Root
Association Relationship Yormem A1 G Rt 289
One-Way Association owl:ObjectProperty T
Attributes owl:DatatypeProperty and s )
owl:ObjectProperty I
Link Classes owl:ObjectProperty " Jos
Aggregation Relationship owl:ObjectProperty —
Multiplicity o=l
Specific Value owl:cardinality Ly i
Minimum Value owl:minCardinality e o
Maximum Value owl:maxCardinality [T o [P oTeres 1
No Multiplicity [Em | o
Restrictions Default OWL Semantics [Smba | 01
Sheet 20 M
Ordered Annotation [ B e R
for a Relationship No direct support e
Inheritance Relationship owl:subClassOf Figure 3: SEDRIS DRM Sheet 1

pose primitive and complex class expressions. Our motiva- ~ What follows is an illustration involving the mapping of
tion for using the OWL DL subset as the representation for- a small portion of the SEDRIS DRM sheet number 1 shown
malism for the SE ontology is the fact that OWL DL has de- in Fig.m Note that the DRM is quite exhaustive and con-
sirable computational properties - all conclusions are guar-sists of a total of 23 similar sheets. The emphasis of the il-
anteed to be computable and all computations will finish in lustration is on highlighting the usage of the rather impor-
finite time [10]. Tool builders have already developed pow- tant OWL primitives for representing DRM semantics.

erful reasoning systems that support ontologies constraine
by the restrictions required by OWL DL, the best example

here being RACER [11]. For the formal definitions of the a type ofowl:ObjectPropertyAll aggregation relationships
diferences between OWL Full and OWL DL, we refer in- in the DRM are then defined to be subproperties of thés:

Ler:?esr:te Fjl,r,? aders to the Semantics and Abstract Syntax dOCC:omponern Moreover, we also define diasAggregatee-

lationship to be an inverse diasComponehtFig. 4, which
exemplifies the use of aggregation relationships and cardi-
3. sednto: Synthetic Environment Data nality restrictions, defines tHenvironment Rootlass to be
. an aggregation of 0 or Accessbjects. Likewise, the snip-
Representation Ontology pet in Fig. 5 defines thEnvironment Rooto consist ofex-
actly 1 Spatial Domain

%.2.1. Aggregation RelationshipsAn aggregation rela-
tionship, referred to ashasComponehis represented as

3.1. DRM to OWL Construct Mapping
3.2.2. Attributes The DRM is modelled along object ori-
Table[7 illustrates the mapping between the UML nota- ented principles using UML. As such, there is direct support

tion used by the SEDRIS DRM to the constructs provided for declaringAttributesor the DRMField Elementor var-

by the OWL language. Note that the mapping utilizes only 10us DRM classes.'OWL is not object' oriented and the at-
a subset of constructs provided by OWL. Moreover, not tributes cannot be linked to classes directly. Instead, as ex-
all DRM constructs, viz abstract classes and ordered an- _
notations for relationships, are directly supported by OWL. 2 Source: http://www.sedris.org/drm.fitm



http://www.sedris.org/drm.htm

<owl:Class rdf:ID="EnvironmentRoot™">
<rdfs:subClassof>
<owl:Restriction>
<owl:minCardinalicy

=0</owliminCardinalicys
<owl:onPropercy:
<awl:ChjectProperty rdf:shout="fhaslcoess" />
</owl:onPropertcys:
</owl:Restriction>
</rdfs:subClass0of>

<rdfs:subClassof>
<owl:Restriction>
<owl:maxCardinalitcy

Figure 6: Attributes as Binary Relationships

<owl:ChjectP (=) df: ID="haskl Wz
rdf:datatype="http://vuw. w3 .org/ 2001/ EML3chewaf# i ew JEEEREEREREY 5 LRl

<rdfs:range rdf:resource="#Lccess"/ >
<rdfs:domain:
<awl:Class>

=“owl:unionot

<awl:

<awl:

<awl:

rdf:parseType="Collection ™
rdf:shout="#EnvironmentRoot "/ >
rdf:shout="#TransmittalRoot"/ >
rdf :ghout="#MNodel1"/ >
<owl: rdf:abhout="#GeometryMode 1"/ >
<owl: rdf:shout="#FeatureMode 1"/ >
</owl:unionOf>

</owl:Class>

Class
Class
Class
Class
Class

rdf:datatype="http://vuw. w3 .org/ 2001/ ZML3chema#i

Fl<fowlimaxCardinalicys
<owl:onPropercys
<awl:ChjectProperty rdf:shout="fhaslcoess" />
</owl:onPropertys
</owl:Restriction=
</rdfs:subClass0of>

</owl:Classs

Figure 4:Environment Roois an aggregation of exactly 0
or 1 Accesbjects

<owl:Class rdf:ID="EnvironmentRoot ">
<rdfs:subClassof>
<owl:Restriction>
<owl:onProperty:>
cowl:ChjectProperty rdf:about="f#hasSpatiallomain"/ >
</owl:onPropertys
<owl:cardinality
rdf:datacype="htcp://wuw. w3 . org/ 2001/ XNLSchemafine ™
=l<fowlicardinalitys>
</owl:Restriction:
</rdfs:subClass0fs

</owl:Class:>

Figure 5:Environment Rodbas exactly on8patial Domain

emplified in Fig. 6, we rely on a more formal approach for

</rdfs:domwain>

ments(or attributes) of the respective DRM classes. OWL
directly supports the definition of such types using the
owl:oneOf construct. The following example illustrates our
(somewhat roundaboutjvo-stepapproach for the repre-
sentation of enumerated types in OWL: Asfiest step

we classify the enumerated type depending upon its loca-
tion in the DRM class dictionary. For example, if the type
is SRM_Dimensionalitfrom the Spatial Reference Model,
we create a class calleBRM_Dimensiorand all its in-
stances, with each instance corresponding to the respec-
tive permissible enumerant. Moreover, we also classify the
type according to its location within the taxanomy, which is
SRM_Globalsn this case. Each of these instances also has
some form of an integral denotation depending on its def-
inition in the DRM. Thesecond stefnvolves the creation

of another class with a name directly corressponding to its
SRM counterpart, i.eSRM_Dimensionalitynder the cat-
egory SRM_Field_ElementVe define this class using the
owl:oneOf construct, which in the knowledge engineering
parlance refers to definition of the class’s extension by ex-
haustive enumeration. Notice (in Fig. 7) how this definition
involves the creation of an equivalence relation between
SRM_Dimensionalityfrom the SRM_Field_Element cate-
gory) to SRM_Dimension (in th&RM_Globals categoyy
The most important advantage of this approach is the clear
separation DRM field elements, DRM globals and their ac-

representing a particular class’s field element as a binary refual denotations (to integral values) into different and re-
lation or property between the class and the field element orlated categories thereby making the ontology more modu-

attribute. Although not evident in Fig. 6, notice how tite
tribute too has to be declared askssin order to achieve
such a definition. Overall,
ject properties, domain & range restrictions and the OW
unionOf class constructor.

3.2.3. Enumerations Enumerated values play a very im-

Fig. 6 illustrates the use of ob- i ) )
| there is no direct language support in OWL for creat-

lar.

3.2.4. Ordered RelationshipsAs mentioned previously,

ing ordered aggregation relationships. However| [13] sug-
gests a simple approach involving the utilization of the
rdf:List element for the definition of such relationships.

portant role within the DRM and (as their purpose is) are The technique here is to make the aggregation relationship

utilized for constraining the values of variolseld Ele-

a functional one using thewl:FunctionalPropertycon-



not have any direct instances whereas in knowledge repre-
sentation, abstract classes refer to classes that have other
classes as instances. OWL, being a knowledge representa-
tion language, does not support the former view and there-
fore it is not possible to prevent a class from having in-

<owl:Class rdf:ID="3RM Dimensionality">
<owl:equivalentlass:>
<aowl:Class>
<owl:oneof rdf:parseType="Collection™>
<3RM Dimension rdf:ID="3RM DIMENSICH TWo D'>

<hasDenctation rdf:datatype

=thotp: /S Swww. w3 org/ 2001/ XMLSchemagine ™
*1</hasDenotation>
<hasShortIntegerlenotation rdf:datatype
=rhttp://vww.wl.ory/ 2001/ ZHL3chemafshort™

stances.

Within the scope okeddnto, our notion of an abstract
class is based on the software enginering view of it. How-
ever, OWL's inability to represent abstract classes is hardly

»1</has3hortIntegerblenotation:
</3RM Dimension:
<3RM Dimension rdf:ID="3RM DIMENSICN THREE D"
<hasShortIntegerDenotation rdf:datatype
=rhttp: //oww. w3 . org/ 2001/ XML Schemafshore
*0</has3hortIntegerlencotations
<hasDenotation rdf:datatype
=rhotp: /S www. w3 org/ 2001/ XMLSchemagine ™
»0</haslenotation>
</SRM Dimension>
</owl:oneQE:
<fowl:Classx>
<fowl:equivalentClass:
<rdfs:subClassof>
<owl:Class rdf:shout="#3REM Complex Field Element"/>
</rdfs:subClass0ofs
</owl:Classs

a problem forsedOnto. This is because any instantiation of
seddnto (and hence the need to prevent certain class instan-
tiations) will be governed by an automated transformation
process $TOWL, see Sectiof]5). STOWL can strictly reg-
ulate the instantiation process making sure none of the ab-
stract classes from the SEDRIS DRM get directly instanti-
ated.

3.3. Thing-Level Semantics and the EDCS

There are essentially two two main aspects to SE seman-
tics - Structural andThing level As mentioned previously
in sub-sectiofi 2|1, in SEDRIS the DRM is responsible for
the former whereas the latter is covered by complementing
the DRM with a data coding specification; namely EDCS.
The concept descriptions in the EDCS can be mapped in
a straight forward manner to OWL, as was done for the
classes and relationships from the DRM. Mapping the en-
tire concept dictionary that makes up the EDCS shall be out
of owl:FunctionalPropertywill permit a single value for the  of our research agenda until the implementation of STOWL
property whereaslf:List will act as the container forthe or- ~ (see Sectiofn]5) has been successfully achieved. For now,
dered elements. Fig. 8 illustrates the scenario from SEDRISwe simply map a small portion of the EDCS thereby serv-
DRM Sheet 2 to express the relationsipledel Libraryis ing our demonstrative purposes.
a ordered collection dflodelobjects. Note that we use Or-
deredModelCollection, which is a subclass of rdf:List, as 3 4. |mplementation
the range of the functional property.

Figure 7: Enumerated Classes

struct and restrict its range to thef:List element. Usage

The information provided in this section is only informa-
tive in that end users afedOnto do not need to know these
details unless they intend to modify or extesatOnto.

We have utilised version 3.1 of the SEDRIS DRM and
<owl:FunctionalProperty rdf:ID="hasModelCollection"> PrOtEQe Pr(_)tege isa open-source development environment

<rdfs:range rdf:resc\urce="#Orderednodel(:nllection""/>for ontologles and kn0W|edge based systemss [14]- It has an
excellent environment with a extensible plugin based archi-
tecture and support for varioiBematic Welvelated stan-
dards. Although protege can be used in a plethora of ways,
our usage has been restricted to using its OWL plugin [15],
which enables the construction and manipulation of OWL
ontologies. The OWL plugin allows users to load and save
OWL and RDF ontologies, edit and visualize OWL classes
and their properties, define logical class charecteristics as
3.2.5. Abstract ClassesThe notion of an abstract class as complex class expressions, execute reasoners such as DL
used in the context of sofware engineering is different from classifiers and edit individuals for Semantic Web markup.
the one used in the context of knowledge representation. In  In addition to the flexibility and ease of use offered by
software engineering, an abstract class is a class that doeBrotege and its associated OWL plugin, its availability as

Figure 8: Ordered Aggregation Relationship

<rdfs:domain rdf:resource="#MNodelLibrary"/ >

<rdfs:subProperty0f rdf:resource="#hasComponent"”/ >

<rdf:type rdf:resource=

"http://uww. w3 . org/ 2002707/ owl#ChijectPropecty™/ =
</owl:FunctionalPropertys




a open source environment too may prove to be beneficialbe described by a object model, the Object Model Tem-
in the long run. Protege’s large user community ensures thatplate (HLA OMT), which identifies all data exchanged

timely support services are offered and that new product up-by the federates at runtimé_[16]. The HLA OMT uses a
dates are always in the offering. Snapshots from the ontol-XML based Data Interchange Format (DIF) for represent-
ogy development process using Protege and its OWL plugining data pertaining to a federate/federation and for intial-

have been included in the appendices.

4. Applications

OWL based SE

OWL Reasoner

Agent Based Siimulation Framework

y

| Federation Middleware Abstraction I

Federation Middle-Ware }
Federate 1

Computer Generated
Forces

—t

Federate N

Figure 9: Example Application Scenario

Development ofsedOnto is the first phase of our re-
search. Work is in progress to implem&KTOWL (see Sec-
tion[3), which will actually automate the process of convert-
ing a SEDRIS transmittal to a OWL (&dOnto) based rep-

resentation scheme. The applications discussed herein make o

sense only in the context of bosedOnto andSTOWLtaken
together.

4.1. Web Based Sharing of SE Semantics

OWL exploits the power of the Web by utiliz-
ing XML/RDF as its base representation and intercange
medium. We believe that this facility can go a long way
in the sharing of independently developed SE’s in a dis-
tributed simulation environment. Consider the scenario
depicted in Fig[ P consisting of an arbitrary number of fed-
erates participatng in a distributed simulation. Also,
assume that HLA/RTI is being utlised as the federa-
tion middleware. HLA requires that individual federates

ising its Run-Time Infrastructure (RTI). Since every OWL
based specification is a valid XML document, thapping

of SE objects and their attributes to the OMT can be auto-
matedin a straight forward manner. Notice how this would
also result in loss of semantics since XML purely serves in-
terchange purposes. However, if the semantic information
needs to be preserved, a target OWL based representa-
tion for the OMT will have to be used. Interestingly, as re-
ported in [17], such an OWL based OMT has already
been implemented. Notice how such an automation decou-
ples the federate from the federation middleware (see Fig.
thereby acting as &ederation Middleware Abstrac-
tion Layer.

4.2. Terminological Reasoning over SE Objects

The SEDRIS DRM is a conceptual model represented
using UML. Its intent is to standardize SE representation se-
mantics by providing the building blocks necessary to rep-
resent any SE pertaining to any domain. By mapping the
DRM to the OWL language, we make explicit the struc-
tural semantics of the DRM using a language, which un-
like UML is inherently suitable to do so. The OWL ontol-
ogy based representation scheme can exploit the qualitative
information that is present in SE. In the following, we pro-
vide a succinct (and informal) description of the various in-
ference patterns supported over OWL described resources.

Tbox Inferences

e Subsumption The subsumption inference task is to
determine which out of two concept descriptions is a
more general one. The more general one is said to sub-
sume the more specific concept description.

Satisfiability: The satisfiability task determines
whether a concept has a non-empty extension, i.e.,
the Abox admits atleast one individual satisfy-
ing the class axioms for that concept.

Equivalence The equivalence task determines
whether two concepts have the same extension in the
Abox.

Disjointness The disjointness task determines
whether the intersection of the extensions of two con-
ceptsis NULL.

Abox Inferences

¢ Instance Checking The instance checking task is to
determine whether a given concept is an instance or be-
longs to a particular class.



e Consistency Verify whether every concept in the the precise situation is illustrated in Hig] 10. Currently, work
TBOX admits atleast one individual. is in progress to implement STOWL.

¢ Realization: Find the most specific concept from the
TBOX that an individual is an instance of. 6. Conclusion

e Retrieval: Find the individuals from the ABOX that

are instances of a given concept from the TBOX. The application of Ontological formalisms as the basis of

Synthetic Environment (SEgpresentational semantitss

An existing OWL based reasoner, for instance RACER been proposed. From a design perspective, we have demon-
[11], can be integrated within a agent based simulation strated how techniques from the knowledge engineering do-
framework (see Fig.|9) with minimal effort so as to utilize main could be applied for the representation of a synthetic
the above mentioned Thox and Abox reasoning services.environment. By mapping the SEDRIS DRM to the OWL
Indeed, terminological reasoning coupled with other forms |anguage, we make explicit the structural semantics of the
of reasoning within the agent framework can significantly DRM using a language, which unlike UML is inherently
enhance the much sought after intelligent behaviour of au-suitable to do so. The logical basis of the language means

tonomous entities with the simulation system. that automated reasoning procedures can be utilized to per-
form reasoning over SE objects. A case was made in this re-
5. Future Work gard by illustrating the various (ontological) inference pat-

terns supported over OWL described resources. Moreover,
it was also demonstrated how such a high-level SE represen-
tation scheme could facilitate the web-based sharing of SE

Web Ontology Language (OWL) object semantics in a distributed simulation environment.
based SNE Representation
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Appendices -sedOnto Construction Using Protege-OWL

A. Protege-OWL Classes Tab
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B. Protege-OWL Properties Tab
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C. Protege-OWL Instances Tab
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