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Outline

 C2SIM ontologies: Core Logical Data Model, SMX and LOX
 Ontology Features: Taxonomy, Classes, Properties, Property Restrictions etc.

 C2SIMContent, InitializationConcept, MessageConcept in different ontology layers

 C2SIM Extension Process using Protégé
 Include extension into C2SIM structure

 Model new information into ontology features

 Information Exchange with C2SIM
 Ontology to Schema transformation

 Schema to XML message

PUBLIC RELEASE

Presenter
Presentation Notes
I will briefly discuss the need for standards in FMN, the M&S architecture specified to support FMN, and how we are addressing the standards in this Research Technical Course, followed by a very short description of each standard or best practice.
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C2SIM Information Exchange
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Presenter
Presentation Notes
First of all, I would just like to remind you of the C2SIM architecture. It is meant to exchange information between different systems, like C2, simulation systems and robotic and autonomous systems.This information is Initialization and synchronization Data that defines a C2SIM scenario. And also messaging is covered by the standard to exchange military orders, reports and so on.C2SIM or its relating ontologies are organized in different ontology layers. The standard consists of a Core Ontology, a Standard Military Extension and a Land Operation Extension. Together with the standard military extension the core provides at a logical level, a core set of data elements common to most C2 and Simulation systems. The standard also provides a domain extension on top of the other two layers. The land operation extension covers land operation specific information and serves as a model to show how to extend the standard for own applications and domain.
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C2SIM Core LDM: Concept Structure
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Presenter
Presentation Notes
The Core set of elements that are modelled in the very first and basic ontology layer are InitializationConcept, MessageConcept, and C2SIMContent. Those are collective classes.InitializationConcept collects together classes that are necessary for the initialization of a scenario.MessageConcept provide concepts to create messages for Tasking and Reporting Units or concepts for systemMessages.C2SIMContent offers basic concepts that can be referred to by InitializationConcept or MessageConcept.
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Ontology Features in Protégé
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Presenter
Presentation Notes
All the pieces of information are defined with ontology specific axioms. Those are Classes, Object Properties, Data Properties, Individuals, Datatypes and Annotation Properties.I will give you some examples how these are used in the C2SIM ontologies.
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C2SIM Core LDM: C2SIMContent
Entity
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Presenter
Presentation Notes
First of all, the basic concepts are defined as Classes. All the green, yellow and blue boxes represent Classes and may have some subclasses.C2SIMContent has concepts for abstractobjects, actions, physicalconcept, code, entity, entitytype, entitydescriptor, entitystate, relationship and recource.An Entity has subclasses like ActorEntity and PhysicalEntity. CollectiveEntity is a subclass of ActorEntity and this is again a subclass of Entity.ActorEntites have an important role in C2SIM as they define actors in both systems that need to be represented in all C2SIM coalitions.
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Ontology Features in Protégé: 
Taxonomy
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 Hypernymy: Superordination of classes

 Superclass is defined by attributes

 Transitive relation

 Hyponymy: Subordination of classes

 „is a“ -relation

 Subclass inherits attributes from superclass

 Subclass specifies through additional 
attributes

 Transitive relation

Presenter
Presentation Notes
The EntityExample shows that there are so-called subclasses of it. In the whole ontology there are even more classes subordinated to each other. This kind of relation is called hypernymy if a class is superordinated to another class and hyponymy if a class is subordinated to another one.On the left handside you can see a screenshot from the C2SIM-Core taxonomy using the ontology-tool Protégé. There are different levels of classes which you can see if you expand the arrows. The indented lines represent subclasses. The relation between those subordinated classes, are “is a”-relations. For example a CollectiveEntity is an ActorEntity and an ActorEntity is a Entity but not vice versa. It is a transitive relation though.In that taxonomy a class has specific attributes that will be inherited by its subclasses. The subclasses are then additionally specifies further attributes.
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C2SIM Core LDM: Classes and 
Attributes
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Presenter
Presentation Notes
According to this, Entity not only has Subclasses like CollectiveEntity, but also specific attributes, like hasEntityType, hasName and hasUUIDBase. Those attributes define property restrictions. Property restrictions mean that the class or instances of the class has to fullfil those properties to be regarded as member of that class. And these properties can refer to datatypes or other members of another class.
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Ontology Features in Protégé: 
Datatype Property (Restriction)

 Datatype properties assign a property to a value type: string, int, byte, etc.

 Definition of specific formats of a value with regular expressions: UUIDBase
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Entity

Presenter
Presentation Notes
Those attributes can be either datatype properties. Datatype properties are to assign a value type to a specific attribute of members of a class. For example, an Entity has an optional name which is a string. But it also has an obligatory unique identifier, the UUID which is defined with the help of regular expressions defining a specific pattern that has to be met. With this UUID, each Entity can be identified in a C2SIM Coalition.



NORTH ATLANTIC TREATY ORGANIZATION
SCIENCE & TECHNOLOGY ORGANIZATION

Empowering NATO’s Technological Edge

C2SIM Core LDM: Object Property 
(Restriction)
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Presenter
Presentation Notes
Another kind of attribute is an object property that links classes or members of that classes in the taxonomy that are not super- or subordinated to each other. An Entity is defined with the objectproperty restriction hasEntityType which links it to at least one entitytype. And EntityType is a class for EntityTypes like APP6-Symbols.
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C2SIM Core LDM: Taxonomy, 
Property Restrictions and Inheritance
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Presenter
Presentation Notes
We have learned, Entity has some Property Restrictions, but it also has subclasses.CollectiveEntity is such a subclass. It is defined by property restrictions. Those contain property restrictions inherited from the Entity superclass. More are inherited from the ActorEntity like has EntityDescriptor, hasCurrentTask and hasRecource. But it has its specific property restrictions as well like HasCurrentState referring to Physical State and hasSubordinate referring to a specific UUIDBase.
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C2SIM Core LDM: Property 
Restrictions and extended Inheritance
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Presenter
Presentation Notes
Another class relation to define ActorEntities and its subclasses is Entitydescriptor. EntityDescriptor is a descriptor to define attributes of entities like an AllegianceRelationship, an affiliation, a superior and a communicationNetwork.
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C2SIM Core LDM: Property 
Restrictions and extended Inheritance
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Presenter
Presentation Notes
To specify collective entities, it has subordinates and has a current state which is a physicalstate and this is a subclass of entitystate. Physicalstate is a description of the physical state of an entity, including location, orientation, health, speed, etc.
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C2SIM Core LDM: InitializationConcept
InitalizationDataFile
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Presenter
Presentation Notes
Now , I am going to explain the most important classes in the Core ontology using all ontology features that I explained before.All green boxes show InitializationConcepts which are used to initialize systems. It is possible to use an InitializationDataFile such as for a terrain. 
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C2SIM Core LDM: InitializationConcept
ScenarioSetting
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Presenter
Presentation Notes
Also it is possible to use ScenarioSetting to describing the setting of the scenario, including the date, time, physical extent of the terrain, and a version string.
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C2SIM Core LDM: InitializationConcept
SystemEntityList
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Presenter
Presentation Notes
A SystemEntityList is used to list entities that reside within the systems.
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C2SIM Core LDM: InitializationConcept
ObjectDefinitions
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Presenter
Presentation Notes
And within the ObjectDefinitions concept objects can be characterized. Those objects can refer to AbstractObjects, Actions, Entities. Those are C2SIMContent classes.
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C2SIM Core LDM: MessageConcept
Message, C2SIMHeader, MessageBody
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Presenter
Presentation Notes
MessageConcept deals with Messages that are simply system messages or messages for tasking and reporting units.A Message always consists of exactly 1 C2SIMHeader and one MessageBody which are also MessageConcepts.C2SIMHeader contains system information and a messagebody can be a system message or a domain message body including messages for tasking and reporting such as an orderbody or a reportbody etc.
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C2SIM Core LDM: MessageConcept
DomainMessageBody
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Presenter
Presentation Notes
DomainmessageBodies always have a reference to a Sender and a Receiver. 
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C2SIM Core LDM: MessageConcept
ReportBody
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Presenter
Presentation Notes
ReportBody is defined having a reportcontent which is another messageconcept. ReportContent than offers different kinds of reportcontents like for a positionreportcontent or a taskstatus.
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C2SIM Core LDM: MessageConcept
OrderBody
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Presenter
Presentation Notes
OrderBody is defined by different properties including a hasTask property. This task is what actually defines the ordered actions. Task is subclass of action and a C2SIMContent
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C2SIM Core LDM: MessageConcept
RequestBody
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Presenter
Presentation Notes
RequestBody refers to Requestcontent which is a messageconcept. Requestconent offers a TaskRequestcontent which refers to at least one Task. Taks is defined as Sublass of Action which is a C2SIMContent.
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C2SIM Core LDM: C2SIMContent
Task
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Presenter
Presentation Notes
Another kind of attribute is an object property that links classes or members of that classes in the taxonomy that are not super- or subordinated to each other. An Entity is defined with the objectproperty restriction hasEntityType which links it to at least one entitytype. And EntityType is a class for EntityTypes like APP6-Symbols.
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C2SIM Core LDM: MessageConcept
AcknowledgementBody
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Presenter
Presentation Notes
AcknowledgmentBody has the restriction hasAcknowleddgementTypeCode which refers to AcknowledgmentCode which is subclass of messagecode. These codes are referred to specific instances.



NORTH ATLANTIC TREATY ORGANIZATION
SCIENCE & TECHNOLOGY ORGANIZATION

Empowering NATO’s Technological Edge

C2SIM Standard Military Extension 
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Presenter
Presentation Notes
There is the standard Land operation extension that serves as a model for other C2SIM extensions. It provides for continuity with military land operations aspects of MSDL and C-BML that are not included in the LDM Core and SMX, but are used by the international land military simulation community.
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C2SIM SMX: C2SIMContent
Observation
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Presenter
Presentation Notes
First of all, there is only one additional concept on the highest level which is the observation. It is defined as an observation of a specific entity or actorreference concerning an activity, health, location etc.
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C2SIM SMX: MessageConcept
ReportContent and Observation
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Presenter
Presentation Notes
ReportContent has a new subclass which is an observationreportcontent. This is restricted by referring at least to one observation. This Observation than again refers to the new class that has some more properties and different observations like activityoberveration that can be reported on.
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C2SIM SMX: MessageConcept
RequestContent and MIPCategoryCode
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Presenter
Presentation Notes
Concerning RequestContent, the SMX offers a MIPRequestContent which refers to MIPCategoryCode which is a messageCode. Those codes are instances again.
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C2SIM SMX: C2SIMContent
Entity and CommandRelation
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Presenter
Presentation Notes
Concerning the entitites, SMX now offers a militaryOrganisation and unti as collectiveEntity. Those are defined by a lot of restrictions that are inherited from ist superclasses. Additionally now a commandrelation is used as restriction. This commandrelation is a relation.
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C2SIM SMX: C2SIMContent
Entity and EchelonCode
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Presenter
Presentation Notes
Additionally, a unit needs to be specified by an echolon code. EchelonCode is subclass of Code and offers a list of instances.
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C2SIM SMX: C2SIMContent
Entity and EntityType
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Presenter
Presentation Notes
In the SMX finally EntityType  that defines an entity has subclasses as APP6-SIDC and DISEntityType.
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C2SIM SMX: C2SIMContent
Entity and EntityDescriptor
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Presenter
Presentation Notes
EntityDesciptor has a Side now.
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C2SIM SMX: C2SIMContent 
AbstractObject and ForceSide
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Presenter
Presentation Notes
There is also a ForceSIde defined as abstractobject that refers to forcesiderelation which again is a kind of relation.
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Land Operation Extension (LOX)
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Presenter
Presentation Notes
There is the standard Land operation extension that serves as a model for other C2SIM extensions. It provides for continuity with military land operations aspects of MSDL and C-BML that are not included in the LDM Core and SMX, but are used by the international land military simulation community.
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C2SIM SMX: MessageBody
PlanBody

MSG-194 2.5 Dechand C2SIM Ontologies Slide 35

InitializationDataFile

MessageConcept

InitializationConcept

C2SIMContent

ObjectDefintions
SystemEntityListScenarioSetting

C2SIMHeader Message MessageBody MessageCode

ReportContent RequestContent

Action

Entity

AbstractObject

EntityDescriptorEntityType

PhysicalConcept

EntityState

Code

ResourceRelationship Observation

PlanPhase RuleOfEngagementPlanPhaseTrigger

Presenter
Presentation Notes
On the one hand, there are now additional Classes like PlanPhase, PlanPhaseTrigger and RuleOfEngagement.DomainmessageBody now offers a PlanBody as well.
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C2SIM SMX: C2SIMContent
PlanPhase and PlanPhaseTrigger
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PlanPhase RuleOfEngagementPlanPhaseTrigger

Presenter
Presentation Notes
The PlanPhase is defined by PlanPhaseCompletionCondition and PlanphaseTrigger. Subphases are also possible
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C2SIM SMX: C2SIMContent
Task and ManeuverWarfareTask
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Presenter
Presentation Notes
Another important part of LOX is ManeuverWarefareTask that can be used for Orders and Requests. In land operations a ruleofengagement can be defined. This rule of engagements defines conditions under which weapons can be used to engage other forces.
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C2SIM SMX: C2SIMContent
Task and ManeuverWarfareTask
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C2SIMContent
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Entity
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EntityDescriptorEntityType
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EntityState
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ResourceRelationship Observation

PlanPhase RuleOfEngagementPlanPhaseTrigger

Presenter
Presentation Notes
Another property defines a TaskFunctionalRelation. It refers to a functional relationship between maneuver warfare tasks.



NORTH ATLANTIC TREATY ORGANIZATION
SCIENCE & TECHNOLOGY ORGANIZATION

Empowering NATO’s Technological Edge

C2SIM Extension Process
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Presenter
Presentation Notes
The standard offers a process for C2SIM extension, as well. As C2SIM in all domains is to be build in layers, the Core ontology and SMX have to be used. Additional layers are optional and you have to decide, which layer represent the knowledge that you need. Or you can even model an own extension, e.g. for Cyber Warfare or Air Operation Extensions. 
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C2SIM Extension Process
Support

 Scenario driven vs. incorporating different standards to C2SIM

 Enable information exchange for initialization or for tasking and reporting

 Add or change concepts and properties to existing C2SIM ontologies
 Problem Reports

 Change Requests

 Create new domain extension
 Join working group

 Submit your extension to community

Date - Location Slide 40
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 NameSpace ensures that all 

newly modelled information will be

stored in the extension layer

C2SIM Structure
NameSpace and Imports
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 Import of ontology layers

 SMX automatically imports Core

Presenter
Presentation Notes
Now I would like to give you some more insights into Protege and name the steps that you need to go, when you produce a new C2SIM ontology layer.First you need to define a namespaceThan you need to import SMX and Core.
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C2SIM Extension
Ontology Features

 Add new concepts
 Subclasses

 Inherits property restrictions of superclass

 Specify adding property restrictions

 Create new individuals/instances as member of a class

 Add property restrictions to already existing classes

 Add data properties to use as restrictions

 Add new datatypes to use for datatype properties

 Add object properties to use as restrictions
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Presenter
Presentation Notes
Once you have created your ontology layer file you can start to extend the structure of C2SIM Core and SMX layer while keeping it.After that you can create all features that ontologies can offer. You can add new subclasses, new datatypes, new data properties, object properties, property restrictions, create individual and in the end use a combined ontology out of all layers of interest.



NORTH ATLANTIC TREATY ORGANIZATION
SCIENCE & TECHNOLOGY ORGANIZATION

Empowering NATO’s Technological Edge

C2SIM Extension Process
Add Classes
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…

…

…

Presenter
Presentation Notes
On the first level of concepts you  can add concepts as a class.
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C2SIM Extension Process
Add Classes in Protégé
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 Choose class Level 

to add subclass

 Choose name for

subclass

 Create subclass

Presenter
Presentation Notes
But it is more likely for every domain that you rather need a more specified class. To add this, you expand a class and just add it under it. Then the newly created class will inherit all properties of its superclasses automatically.
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C2SIM Extension Process
Add Instances
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 Assign to a class

 Use predefined list

 Create new Instance

Presenter
Presentation Notes
To add instances, you can go to the class of interest and use ist instance button. Then the system will suggest instances that are already there and can be assigned to a class. But it is also possible to add a completely new instance.
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C2SIM Extension Process
Add Property Restriction
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Presenter
Presentation Notes
To create a property restriction. Ypi meed to go under Subclass of. There you get the possibilites to formulate an object property on your own. But it is also possible to use an interface offering you all possible object properties which you need to specifiy with some, only, min, max or exactly and also define the range or the class that it refers to.
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 Properties organized in taxonomy

 Characteristics not used in C2SIM

 Range needed for schema

transformation

C2SIM Extension Process
Create Object Property
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Presenter
Presentation Notes
If the property restrictions to not cover what you need to create specific restrictions, you can also create new ones. Those property restrictions are organized as taxonomy, too. They can have attributes as well as being functional, transitive or symmetric. But those do not play a role in C2SIM yet. The only thing that is needed to be defined is the range, meaning the class that the property refers, to
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C2SIM Extension Process
Create Data Property and Datatype
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Presenter
Presentation Notes
To create a new datatype property it works almost the same. The properties are organized in a taxonomy. But the range represents a datatype. And this datatype can be either string, int, byte or other predefined datatypes. Or you can define some by yourself using regular expressions.
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C2SIM Transformatin Process for
Information Exchange
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Presenter
Presentation Notes
If you now have chosen all ontologies that you need or even developed an own extension for a specific domain, you still have just a logical data model that has to be transformed into a physical data model to be able to exchange information between the intended systems. First, all chosen ontology layers have to be merged. This ontology has to be transformed by an xslt sheet to get an xsd-schema. This xslt sheet is provided by SISO PDG. The resulting XSD schema then can be applied for the intended domain.
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C2SIM_SMX_LOX_v1.0.0.xsd
Schema
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Presenter
Presentation Notes
This is an automatically generated xml schema resulting from the transformation process. Elements are from the merged ontology C2SIM Core + SMX + LOX. This can be used an filled in with specific values.



NORTH ATLANTIC TREATY ORGANIZATION
SCIENCE & TECHNOLOGY ORGANIZATION

Empowering NATO’s Technological Edge

XML Messages according to C2SIM 
Schema
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C2SIM- Core

LOX

C2SIM- Core

SMX

C2SIM Core

SMX

C2SIM Core

Presenter
Presentation Notes
The output will be a physical data model. Here you can see parts from C2SIM Core and LOX extension, seeing there is no chance to find out from which layer the pieces of information descent. A schema also cannot show each detail of knowledge from the underlying logical data model. But you can use and choose the knowledge that you need. Thus, there are efforts for enabling ontology reasoning capabilities. This refers to inferring knowledge from already modelled knowledge.This example of an xsd schema shows a ManeuverWarfareTask. The Task structure from the Core LDM has been used as ManeuverWarfareTask inherits all properties from Task. Thus, in the xml tree you can see ManeuverWarefareTask from LOX, but the Location Property as well as PerformingEntity are still from the Core.
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