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Introduction
This CR introduces a requirement that is needed for the concept of a “Holistic Service Provider”. It introduces the requirement to enable a oneM2M entity to grant restricted access rights for data that the it can acces, to another oneM2M entity.
-----------------------Start of change 1--------------------------------------------
2.1
Normative references

Clause 2.1 only shall contain normative (essential) references which are cited in the document itself. These references have to be publicly available and in English.
The following referenced documents are necessary for the application of the present document.
· Use the EX style, enclose the number in square brackets and separate it from the title with a tab (you may use sequence fields for automatically numbering references, see clause A.4: "Sequence numbering") (see example).

[1]
 oneM2M TS-0011 “Common Terminology”. 
[2]
oneM2M TS-0001 “Functional Architecture”
-----------------------End of change 1---------------------------------------------
-----------------------Start of change 2--------------------------------------------

5.1.2
How are the Base Ontology and external ontologies used? 

Editor’s Note: use of external onotologies needs to be described here

5.1.2.1
Introduction to usage of classes, properties and restrictions 

An ontology consists of  Properties and Classes. 

Properties represent relationships, and link individuals from the specified domain (a class) to individuals from the specified  range (another class). There are two main types of properties in the Base Ontology, object properties and data properties. An object property describes a relationship between two object individuals. A data properties describes a relationship between an object individuals and a concrete data value that may be typed or untyped. 

Classes are interpreted as sets of individuals, and sometimes classes are also seen as a concrete representation of concepts. In the Base Ontology, a Class can be directly defined by the class name and class hierarchy or defined by the properties characteristics of  the individuals in the class. The latter method is called as restriction. The classes defined by restriction can be anonymous, which contains all of the individuals that satisfy the restriction. 

In the Base Ontology, the restrictions can be divided as existential restrictions, universal restrictions and cardinality restrictions. 

· Existential restrictions describe classes of individuals that participate in at least one (some) relationship along a given property to individuals that are members of the class, e.g. since a Device (Class: Device) has at least one function (Object Property: hasFunction) (Class: Function) that this device accomplishes, then (Class: Device) is a subclass of the anonymous class of (Object Property: hasFunction) some (Class: Function). 
· Universal restrictions describe classes of individuals that for a given property only have relationships along this property to individuals that are members of  the class.e.g. since a subclass “Watervalve” of (Class: Device) only has a function  (Object Property: hasFunction)  subclass “Open_or_Close_Valve” of (Class: Function), then (Class:Watervale)  is a superclass of the anonymous class of (Object Property: hasFunction)  only (Class: Open_or_Close_Valve).
· Cardinality restrictions describe classes of individuals that for a given property only have specified number of relationships along this property to individuals that are members of  the class, e.g. since every Device must have exactly one address in the Area Network and the address in the Area Network is assumed to be of built-in type string., then (Class: Device) is a subclass of the anonymous class of (Data Property: hasAddressInAreaNetwork) exactly 1( string).
5.1.2.2
Methods for jointly using the Base Ontology and external ontologies
If the Base Ontology is available and the external ontologies are compatible with the Base Ontology, the Base Ontoolgy and the external ontologies can be jointly  used  via the following ways.

1)   Classes and properties mapping

The names of the class and properties in different ontologies may be totally different but the meanings of these class and properties can be  relevant. Classes and propoerties mapping is used to link the relevant classes and properties in different ontologies.

The descriptions for the classes and  properties mapping  relationship of the Base ontology and external ontologies can be given in an ontology or a semantic rule depending on the frequency of the usage. For the frequent  cases,  it is better to give the mapping description in an ontology, even  in the Base Ontology. 

The classes and  properties mapping can be based on the properties defined in OWL and RDFs, e.g. rdfs: subClassof, owl:equivalentClass, for classifying the hierarchy of the classes and  properties in Base Ontology and external ontologies. The inheritance from upper properties and classes will be implied according to the mapped hierarchy. For example, when a class A in an external ontology is mapped as a subclass of  the class B in the Base Ontology, it implies that the properties of class B in Base Ontology will be inherited by the class A in the external ontology. 

Table  X gives an simple example for  classes and properties mapping between two ontologies.

Table X an example for classes and properties mapping between two ontologies

	Properties mapping
	Classes mapping

	property I
	mapping relationship
	property II
	class I
	mapping relationship
	class II

	OntologyB: hasSwitch
	rdfs:subPropertyOf
	OntologyA: hasOperation
	OntologyB: appliance 
	rdfs:subClassOf
	OntologyA:device

	OntologyA: hasPower
	owl:equivalentProperty
	OntologyB: hasPower
	OntologyB:lamp
	owl:equivalentClass
	OntologyA:light

	OntologyA: hasVendor
	owl:equivalentProperty
	OntologyB: hasManufacturer
	OntologyB:Switch
	rdfs:subClassOf
	OntologyA:Operation


2)   Individual annotation across multiple ontologies


Though the names of the class and properties in different ontologies may be totally different, the semantic annotation for individuals can be done based on these different ontologies respectively and  independently. By this way, the knowledge from different ontologies are used together to describe the individuals. 

        Table Y gives an simple example for individual annotation across two ontologies.

Table Y an example for individual annotation across two ontologies
	Individuals
	Semantic annotation based on Ontology A
	Semantic annotation based on Ontology B

	
	properties
	classes
	properties
	Classes

	Light A
	rdf:type
	Ontology A: Light
	rdf:type
	Ontology B:ledLight

	
	OntologyA: hasOperation
	Ontology A:Open
	OntologyB: hasColor
	rdf:datatype="&xsd;string">’red’<

	
	OntologyA: hasStatus
	rdf:datatype="&xsd;boolean">true<
	OntologyB: hasSwitch
	OntologyB:Switch


Note: The above two methods can be used  jointly or independentlly. 

The compatibility of two ontologies depends on their class hierarchies. When the class hierarchy of one ontology can be mapping as a part or an extenral part of  the class hierarchy of the other ontology, they are compatible. When multiple ontologies are pairwise compatible,  they are compatile.

5.1.2.3
Mapping the Base Ontology and derived external ontologies to oneM2M resources
5.1.2.3.1
Mapping of classe of the oneM2M Base Ontology and derived external ontologies:

The fundamental concepts for the Base Ontology and derived external ontologies are:

· Thing, 
and

· Device (as subclass of Thing)

The main distinction of a Device from Things (like room, table, door) is that a Device has Services, i.e. a Device autonomously produces/consumes input/output data through its application logic. 
Note, a Device is not necessarily a physical device. It could also be a virtual / abstract Device or a mashup.

On the other hand a Thing, that is not a Device does not autonomously produce/consume data. However it may have Aspects (e.g. RoomTemperature) that can be characterized by data. Since the Thing does not produce/consume these data they need to be set / read by other applications, e.g. Devices.

Mapping principle
· The Device class of the oneM2M Base Ontology (or a sub-class of “Device” class in external ontologies) is instantiated as resources of type <AE> in the oneM2M System
· Also the InterworkedDevice class of the oneM2M Base Ontology (or a sub-class of “InterworkedDevice” class in external ontologies) is instantiated as resources of type <AE>. However in this case the <AE> represents a “proxied” device, the application logic (APP-ID) is provided through the Interworking Proxy Entity (IPE).
· The Thing class of the oneM2M Base Ontology (or a sub-class of “Thing” class in external ontologies) is instantiated as resources of type <Container> in the oneM2M System.
· Each resource that is an instantiation of a class of the Base Ontology (or a sub-class)
a) can have sub-resources of type <SemanticDescriptor> containing data of that instantiation of the class as descriptor attribute.
b) contains an Ontology-Ref that identifies the class in the indicated ontology

	Class in the Base Ontology
	Instance is mapped to oneM2M resource type
	descriptor attribute of the related <SemanticDescriptor> resource contains
	Comment

	Thing
	<Container>
	Semantic (RDF) description of the Thing, containing instances of:

· Object Property: hasThingRelation
· Object Property: hasThingAspect
· Data Property: hasThingData
	Object Property: hasThingRelation identifies a Thing in its range. That Thing is contained in the Semantic (RDF) description of the descriptor attribute in the  <SemanticDescriptor> resource of a different Thing <Container>.
Therefore, Object Property: hasThingRelation needs to contain a reference to the Thing <Container> it relates to 
Similarly, Object Property: hasThingAspect identifies an Aspect in its range. That Aspect is contained in the Semantic (RDF) description of the descriptor attribute in the  <SemanticDescriptor> resource of a <ContentInstance> of the data of an Input or Output of an Operation of a Device.

	Aspect
	<ContentInstance> of the data of an Input or Output of an Operation of a Device.


	Semantic (RDF) description of an instance of Aspect
	

	Device
	<AE>
	Semantic (RDF) description of the Device, containing instances of:

· Object Property: hasService
· Object Property: hasFunctionality
· Object Property: consistsOf
· Inherited Properties from “Thing”
	<AE> is part of a ADN or ASN
Object Property: consistsOf identifies a Device in its range. That Device is contained in the Semantic (RDF) description of the descriptor attribute in the  <SemanticDescriptor> resource of a different Device <AE>. Therefore, Object Property: consistsOf needs to contain a reference to the Device <AE> it relates to


	Service
	<AE> of the Device 
	Semantic (RDF) description of the instance of Service. 
This in turn contain instances of:

· Object Property: hasOperation
	Object Property: hasOperation identifies a Operation in its range. That Operation is contained in the Semantic (RDF) description of the descriptor attribute in the  <SemanticDescriptor> resource of the operation

	Functionality
	<AE> of the Device 
	Semantic (RDF) description of the instance of Functionality. 
This in turn contains instances of:

· Object Property: isExposedBy
· Object Property: hasCommand
· Object Property: refersTo
	

	Operation
	<Container> sub-resource of the <AE> resource of the Device 
	Semantic (RDF) description of the instance of Functionality. 
This in turn contain instances of:
· Object Property: hasInput
· Object Property: hasOutput
· Object Property: hasMethod
· Object (Annotation ??) Property: hasTarget ???
	

	Input
	<Container> sub-resource of the <Container>  resource of the Operation
	
· 
	Data are contained in a <ContentInstance> subresource of the Input <Container> 
Each <SemanticDescriptor> resource of a <ContentInstance>  contains
· the Semantic (RDF) description of the instance of Input.
· instances of: 
Object Property: quantifies
· instances of the Aspect class, that are quantified by the Input.


	Output
	<Container> sub-resource of the <Container>  resource of the Operation
	
· 
	Data are contained in a <ContentInstance> subresource of the Output <Container> 
Each <SemanticDescriptor> resource of a <ContentInstance>  contains

· the Semantic (RDF) description of the instance of Output.

· instances of: 
Object Property: quantifies

· instances of the Aspect class, that are quantified by the Output.


	Method
	<Container>  resource of the Operation
	Semantic (RDF) description of the instance of the method of the operation.
(e.g. procedure-name)

	For oneM2M devices only the following CRUD operations are possible

· “RETRIEVE”
· “UPDATE”
· “EXECUTE”

	Target
	<Container>  resource of the Operation
	Semantic (RDF) description of the instance of the grounding method of the operation for the appropriate technology
	Needed for InterworkedDevice

	Command
	<AE> of the Device
	Semantic (RDF) description of the instance of Command. 
This in turn contain instances of:

· Object Property: isExposedBy

	Object Property: isExposedBy identifies a Operation in its range. That Operation is contained in the Semantic (RDF) description of the descriptor attribute in the  <SemanticDescriptor> resource of the operation

	InterworkedDevice
	<AE>
	Semantic (RDF) description of the InterworkedDevice, containing instances of:

· Object Property: isPartOf
· Inherited Properties from “Device”
	<AE> represents a “proxied” device, the application logic (APP-ID) is provided through the Interworking Proxy Entity (IPE).

	AreaNetwork
	<AE> of the InterworkedDevice that is related via the isPartOf object property
	Semantic (RDF) description of the AreaNetwork

	


Editor’s Note: The table above requires more work 
5.1.2.3.2
Mapping of Object Properties:
Object properties are relating an instance of domain class to an instance of the range class.
They are instantiated in the descriptor attribute of the <SemanticDescriptor> resource that instantiates the domain class of the object property. 
5.1.2.3.2.1
Mapping of the range class of Object Properties:
The range class of an Object Property can either be:

a) instantiated in the descriptor attribute of the <SemanticDescriptor> resource that instantiates the domain class of the object property
or
b) instantiated in the descriptor attribute of the <SemanticDescriptor> resource of an other oneM2M entity. In that case the Object Propery needs to contain a reference to that oneM2M entity antity.
5.1.2.3.3
Mapping of Data Properties:

Data properties are instantiated in the descriptor attribute of the <SemanticDescriptor> resource that instantiates the domain class of the object property. 

-----------------------End of change 2---------------------------------------------
-----------------------Start of change 3--------------------------------------------

5.2.1.2
Essential Classes and Properties of the Base Ontology
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Figure 1
Figure1 shows the essential Classes and Properties of the Base Ontology. The nodes (bubbles) denote Classes whereas edges (arrows) denote Object Properties. Data Properties are not shown in this figure.

The graph in Figure 1 can be read as follows: 

· A Thing in oneM2M  (Class: Thing) is an entity that can be identified in the oneM2M System. 
A Thing may have ThingProperties that can be described by data in the oneM2M System.
E.g. A room that is modelled in oneM2M would be a Thing

· A ThingProperty (Class: ThingPropery) denotes an attribute of a Thing that can be can be described in the oneM2M System by data. A ThingProperty can e.g. be observed or influenced through an obervation or action by devices, or it constitutes static data about a Thing.
E.g. the luminosity of the room could be a ThingProperty of the Thing “room”.

· Location (Class: Location) is a specific ThingProperty describing the location of a Thing. 
It is modelled as subclass of  Class: ThingPropery.
A ThingProperty can affect the same or a different Thing
E.g. A Thing “roomA” could have a ThingProperty “door” that connects to a Thing “roomB”.
A ThingProperty can have MetaProperties that contain further information about the ThingProperty
· A MetaProperty (Class: MetaPropery) denotes an information about a ThingProperty. 
E.g. units or accuracy would be MetaProperties.

· Unit is a subclass of MetaProperty
· A Device (Class: Device) is a object designed to accomplish a particular task. 
A Device contains some logic and is producer and/or consumer of data that are exchanged via its Services with other entities (Devices, Things) in the network.
In the context of oneM2M a Device is always assumed to be capable of communicating electronically via a network (oneM2M or interworked non-oneM2M network).
· In order to accomplish its task, the device performs one or more functionalities (Object Property: hasFunctionality) (Class: Functionality). 
=> hasFunctionality min 1 Functionality
These functionalities are exposed in the network as Services of the Device.
· A Device must offer at least one Service:  (Object Property: hasService min 1 Service)
=> hasService min 1 Service
· A Device can be composed of several (sub-) Devices (Object Property: consistsOf) (Class: Device).
=> consistsOf only Device
E.g. a “lightswitch” would be a device, a combined fridge/freezer would be a device that consists of a sub-device fridge and a sub-device freezer.
· A Functionality (Class: Functionality) represents the functionality necessary to accomplish the task for which a Device is designed. A device can be designed to perform more than one functionality.
The Class: Functionality exhibits the – human understandable – meaning what the device “does”. 
· A functionality refers to (e.g. observes or influences) a certain Aspect.

E.g. considering a “lightswitch” then a related Functionality could be “Controlling”.
These functionalities would refer to an Aspect “lighting”, that is influenced by the device “lightswitch”.


•
An Aspect (Class: Aspect) describes the real-world aspect that the functionality relates to. The Aspect can be a Thing (e.g, the Functionality “washing” of a washing machine would refer to an Aspect “laundry” - which is a Thing) or it could be a quality (e.g. the Functionality “measuring” of a temperature sensor would refer to the Aspect  “temperature”) .
· A Command (Class: Command) represents an action that can be performed to support the Functionality.
e.g. the Functionality “set_Dimming” could have a Command “setPercentage”, with a parameter that has values 0 - 100.
· A ObservationOrAction is the result of execution of a command. 
E.g. a sensing device would result in an observation while an actuator would result in an action 
· The data that are input or output to the related operation quantify the observation or action.
· The ObservationOrAction can relate to a ThingProperty
E.g. a sensing device could make a measurement of a ThingProperty of a Thing it observes. Or a actuating device that ats upon a thing could influence a ThingProperty of a Thing it acts upon.
· A Service (Class: Service) is a representation of a Functionality to a network that makes the functionality discoverable, registerable, remotely controllable in the network. A Service can represent one or more functionalities. A Service is offered by a device that wants (a certain set of) its functionalities to be discoverable, registerable, remotely controllable by other devices in the network.

· Every Functionality is exposed to the network by at least one Service.
=> "isExposedBy min 1 Service"

· 
· 

· While a Functionality  describes the meaning of the device’s functionality the Service (Class: Service) is used to describe how such functionality is represented in a communication network and is therefore dependent on the technology of the network.
E.g. the Functionality: “turn_light_On_or_Off” could be exposed in the network by a Service “UPDATE Binary Value”.

· An Operation (Class: Operation)  is the means of a Service to communicate over the network (i.e. transmit data to/from other devices). It is a representation of a Command to a network
· An Operation can be related to a Command that is exposed to the network by that Operation 
· An Operation has Input (data consumed by the Device) and Output (Data produced by the Device), as well as a Method that describes how to transmits In- and Output data over the network. 
· An Operation may consist of (sub-)Operations that in turn can have Input and Output data. When an Operation is invoked all sub-Operations are invoked at the same time.
· The Operation has a Taget … ???
· Data (Class: Data) are the data that constitute input or output of an operation. Data have a datatype (e.g. binary, integer..) 
Data quantify the observation or action that a command may result in.  
· 
· 

· Method (Class: Method) describes a way (e.g. RESTful or RPC based, subscribed, event based, polled, pushed..) how Input/Output is gathered/produced by the Device.

· Target (Class: Target) describes … ???

5.2.2 
Use of ontologies for Generic Interworking with Area Networks
5.2.2.1
General Principle

Interworking with Area Networks is accomplished in oneM2M through functionality provided by Interworking Proxy Entities (IPE).
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Figure 3
The IPE creates “proxied” devices as oneM2M Resources (e.g. AEs) in the oneM2M Solution that can be accessed by oneM2M Applications in the usual way.

To accomplish the creation of “proxied” devices the IPE uses an ontology that describes the the type of interworked Area Network and its entities (device types, their Input/Output operations and –data, etc.). 
For example, in figure 1 an ontology that describes a KNX Area Network and its entities would be needed.

The creation of oneM2M resources (e.g. AEs), attributes, links, etc. follows a scheme that will be described in TS-0001.

Editor’s Note: TBD
For achieving the flexibility for the IPE to create “proxied” Devices for many different types of Area Networks each ontology that describe a specific type of interworked Area Network needs to be derived from the Base Ontology that is specified in the current TS. 
E.g. the OWL representation of an ontology that describes the entities of an Area Network of type “KNX” needs to

a) contain an ‘include’ statement which includes Base Ontology

b) the Class of “KNX Nodes” needs to be a subclass of the “Device” Class of oneM2M’s Base Ontology

c) the Class of “KNX Communication Objects” needs to be a subclass of the “Service” Class of the Base Ontology

etc.

Note, that for fthe purpose of Generic Interworking with Area Networks the Base Ontology is only used to describe type information and not for describing instances of these types. E.g. the Base Ontology describes the type “Device”, but does not contain information about a specific Device.
The Base Ontology therefore only contains Classes and Prpoerties but not instances.

5.2.2.2
Classes and Properties needed for Generic Interworking
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Figure 4
Figure 4 shows the main Classes and Properties of the Base Ontology that are required for Generic Interworking with Area Networks. 

The graph in Figure 4 can be read as follows: 

· Area Network (Class: AreaNetwork) 
An Area Network is characterized by its technology
- physical properties (e.g. IEEE_802_15_4_2003_2_4GHz), its 
- communication protocol (e.g. ZigBee_1_0) and potentially a 
- profile (e.g. ZigBee_HA)..

· An Interworked Device (Class: InterworkedDevice) is part of an AreaNetwork
Class InterworkedDevice is subclass of Class Device
Note: An interworked Device is not a oneM2M Device and can be only accessed from the oneM2M System by communicating with a “proxied” (virtual) device that has been created by an Interworking Proxy Entity.
The InterworkedDevice class describes the “proxied” (virtual) device.

Editor’s Note: it needs to be clarified if the InterworkedDevice class can also describe the “lowering scheme” to the protocol of the AreaNetwork.
· The AreaNetwork is controlled by (at least one) interworked Device in that AreaNetwork.
-----------------------End of change 3---------------------------------------------
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