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Introduction

-----------------------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--------------------------------------------

7
Instantiation of the Base Ontology and external ontologies to the oneM2M System

7.1
Instantiation rules for the Base Ontology

7.1.1
Instantiation of classes of the oneM2M Base Ontology and derived external ontologies in the oneM2M System:

7.1.1.1
General requirement on instantiating classes of the Base Ontology
If a class of the Base Ontology (or a sub-class thereof) is instantiated in a oneM2M resource (i.e. <AE> or <Container> or <ContentInstance>) then this oneM2M resource shall have a child resource of type <SemanticDescriptor>.
That <SemanticDescriptor>  resource shall
a) contain an instantiation of the class in the data of its descriptor attribute.
b) contain an Ontology-Ref attribute that identifies the class in the referenced ontology
Editor’s Note: it is unclear if a Ontology-Ref is required.
c) contain instantiations of Object- and Data Properties for which the class is a domain class.
7.1.1.2
Instantiation of individual classes of the Base Ontology

· The Device class of the oneM2M Base Ontology (or a sub-class thereof) shall be instantiated in resources of type <AE> in the oneM2M System. The descriptor attribute of the related  <SemanticDescriptor> shall contain the RDF description of the Device instance:

Editor’s Note: need to provide RDF description of here,
Editor’s Note: need to be able to have a <Node> resource mapped to a Device 
Note: Also the InterworkedDevice class of the oneM2M Base Ontology (or a sub-class) 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 Service class (or a sub-class) shall be instantiated in the data of the descriptor attribute of the <SemanticDescriptor> child resource of the <AE> of the Device class instance 
· The Functionality class (or sub-class) shall be instantiated in the data of the descriptor attribute of the <SemanticDescriptor> child resource of the <AE> of the Device instance 

· The Operation class (or sub-classes) shall be instantiated in the data of the descriptor attribute of the <SemanticDescriptor> child resource of the <AE> of the Device instance
· The Input and Output class (or sub-class) shall be instantiated in the data of the descriptor attribute of the <SemanticDescriptor> child resource of the <AE> of the Device instance
· The Method class (or sub-classes) shall be instantiated in the data of the descriptor attribute of the <SemanticDescriptor> child resource of the <AE> of the Device instance.
· Note: in the oneM2M System only the following instances of the Method class exist: CREATE, UPDATE, RETRIEVE
· The Target class (or sub-classes) shall be instantiated in the data of the descriptor attribute of the <SemanticDescriptor> child resource of the <AE> of the Device instance.
The instance of the Target class shall contain a URI that is constructed as follows:
a) If the instance of the Operation class has no instances of Input or Output class then the URI is: 
{Resource identifier of a child <Container> of the <AE> of the Device, specific for each instance of Service-  and Operation class}
b) If the instance of the Operation class has a single instance of an Input class (via the hasInput Object Property) and the instance of the Method class is CREATE or UPDATE then the URI is: 
{Resource identifier of a child <Container> of the <AE> of the Device, specific for each instance of Service-, Operation-, and Input class}
c) If the instance of the Operation class has a single instance of an Output class (via the hasOutput Object Property) and the instance of the Method class is RETRIEVE then the URI is: 
{Resource identifier of a child <Container> of the <AE> of the Device, specific for each instance of Service-, Operation-, and Output class }/latest
Editor’s Note: all other cases are FFS.
· The Aspect class (or sub-classes) shall be instantiated in the data of the descriptor attribute of the <SemanticDescriptor> child resource of the <AE> of the Device instance
7.1.2
Instantiation of Object Properties:
Object properties are relating an instance of domain class to an instance of the range class.
They shall be instantiated in the data of the descriptor attribute of the <SemanticDescriptor> resource that instantiates the domain class of the object property. 
If the range class of an Object Property is instantiated in a different resource than the instantiation of the domain class then the Object Property shall contain a reference to that resource.
7.1.3
Instantiation of Data Properties:

Data properties shall be instantiated in the data of the descriptor attribute of the <SemanticDescriptor> resource that instantiates the domain class of the data property. 

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

5.2.1.2
Essential Classes and Properties of the Base Ontology



[image: image2.emf]Device

Functionality Service

hasService hasFunctionality

Operation

hasOperation

isExposedBy

Method

Input

hasOutput

hasInput

Target

hasTarget

Aspect

refersTo

Measuring

Functionality

Controlling

Functionality

Command

hasCommand

is-a

consistsOf

consistsOf

hasMethod

exposesCommand

Output

describe

hasInputTarget hasOutputTarget


Figure 1
Figure1 shows the essential Classes and Properties related to the “Device” class 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 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 needs to 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
· Each Device (including sub-Devices) needs to be individually addressable in the network.
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 “light switch” then a related Functionality could be “Controlling”.
These functionalities would refer to an Aspect “lighting”, that is influenced by the device “light switch”.


•
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”).
An Aspect in the range of a “describes” Object Property of Input or Output could e.g. describe units of that Input or Output or could contain accuracy information. 
· A Command (Class: Command) represents an action that can be performed to support the Functionality. An Operation exposes a Command to the network. Input and Output of the related Operation can parameterize the command.
e.g. the Functionality “Dimming-Functionality” could have a Command “setPercentage”, with a parameter that has values 0 - 100.
· 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.
· 
· 

· 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 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 Target that describes a destination (e.g. a URL) where the Operation is executed.
· Input (Class: Input) describes the type of input of an Operation to a device as a class in an ontology. The Input class represents all possible values for that input. An Operation can have multiple Inputs and/or Outputs. If an instance of an Operation is executed then the input value to that Operation must be an instance of its Input classes (e.g, enumerated instances like “ON” or “OFF” for an Input class that sets the state of a switch or a real number within a certain range for a “Temperature” Input class for a thermostat.) 
· Output (Class: Output) describes the type of output of an Operation from a device as a class in an ontology. The Output class represents all possible values for that input. An Operation can have multiple Inputs and/or Outputs. If an instance of an Operation is executed then the output values of that Operation are instances of its Output classes. 
· 
· Method (Class: Method) describes a way (e.g. RESTful or RPC based, subscribed, event based, polled, pushed..) how data input/output is offered by the Device.
When a Operation is instantiated in the oneM2M System only the following instances for a Method are allowed: “CREATE” , “UPDATE”, “RETRIEVE”.
· Target (Class: Target) describes  a destination (e.g. a URL) to which the Operation and input data of the Operation should be sent and from where Output data can be obtained. 
The Target class is dependent on the technology (e.g. oneM2M RESTful style or RPC style Area Network technologies) on which the Operation is applied. 
Note: In general an instance of a Target class is constructed by concatenating a part that is specific to the Method and parts that are specific to individual inputs or outputs.
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Figure 2
Figure1 shows the essential Classes and Properties related to the “Thing” class 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 2 can be read as follows:
Editor’s Note: TBD
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 the 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 Properties but not instances.

5.2.2.2
Classes and Properties needed for Generic Interworking




[image: image6.emf]AreaNetwork

ControlledBy

isPartOf

Interworked

Device

Device

is-a


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).
The AreaNetwork is controlled by (at least one) interworked Device in that AreaNetwork.
· 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: Needs further work, in particular how to construct Targets for In- and Output.
· 
-----------------------End of change 3---------------------------------------------
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