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1
Scope

The release-l specification allows application developers to describe the status of devices as resources on oneM2M-based  platform in various ways. Thus different application developers can create different resource trees even when they build the same kinds of applications. Moreover when handling  the same kinds of devices from different vendors on M2M platform application developers may create disunited resource trees without common information model.

In order to solve such issues, this technical report intends to provide the common and unified APIs on one M2M platform for the home domain by defining an abstract information model for the home domain devices such as TV, refrigerator, air conditioner, smart meter, and lighting equipment . The definition of the abstract information model will be based on data models that currently exist in the home domain. The home domain abstract information model does not intend to define the interworking function between the oneM2M system and protocols of the data models from which the abstract data model is defined.
Also, this document intends to define how the developed abstract information model for a device could be represented in the CSEs of the oneM2M system.
2
References

References are either specific (identified by date of publication and/or edition number or version number) or non‑specific. For specific references,only the cited version applies. For non-specific references, the latest version of the referenced document (including any amendments) applies.

2.1
Normative references

Not applicable.

2.2
Informative references
The following referenced documents are not necessary for the application of the present document but they assist the user with regard to a particular subject area.
[i.1]
oneM2M Drafting Rules  (http://member.onem2m.org/Static_pages/Others/Rules_Pages/oneM2M-Drafting-Rules-V1_0.doc)
[i.2]
oneM2M TS-0011, “Definitions and Acronyms”
[i.3]   
AllJoyn System Description version 14.06, September 26th, 2014
[i.4]   
Home Appliances & Entertainment (HAE) Service Framework Project (https://wiki.allseenalliance.org/hae)

[i.5] 
HomeKit Developer Site (https://developer.apple.com/homekit/)

[i.6]   
Designing Accessories for iOS and OS X, WWDC14 (https://developer.apple.com/videos/wwdc/2014/)

[i.7]   
oneM2M TS-0004, “Service Layer Core Protocol Specification”
[i.8]   
ECHONET Specification Ver.2.11 (http://www.echonet.gr.jp/english/spec/spec_v211_e.htm)

[i.9]   
ECHONET Lite Specification Ver.1.11 (http://www.echonet.gr.jp/english/spec/spec_v111_lite_e.htm)

[i.10]   ECHONET APPENDIX, Detailed Requirements for ECHONET Device Objects (http://www.echonet.gr.jp/english/spec/spec_app_f_e.htm)
3
Definitions, symbols, abbreviations  and acronyms
3.1
Definitions

For the purposes of the present document, the terms and definitions given in oneM2M TS-0011, “Definitions and Acronyms” [i.2] and the following apply. A term defined in the present document takes precedence over the definition of the same term, if any, in [i.2].
Definition format

<defined term>: <definition>

If a definition is taken from an external source, use the format below where [N] identifies the external document which must be listed in Section 2 References.
<defined term>[N]: <definition>

example 1: text used to clarify abstract rules by applying them literally

NOTE:
This may contain additional information.
3.2
Symbols

Clause numbering depends on applicability.

For the purposes of the present document, the [following] symbols [given in ... and the following] apply:

Symbol format

<symbol>
<Explanation>

<2nd symbol>
<2nd Explanation>

<3rd symbol>
<3rd Explanation>

3.3
Abbreviations

Abbreviations should be ordered alphabetically.

Clause numbering depends on applicability.

For the purposes of the present document, the [following] abbreviations [given in ... and the following] apply:

Abbreviation format

<ABBREVIATION1>
<Explanation>

<ABBREVIATION2>
<Explanation>

<ABBREVIATION3>
<Explanation>

3.4
Acronyms

Acronyms should be ordered alphabetically.

Clause numbering depends on applicability.

For the purposes of the present document, the [following] abbreviations [given in ... and the following] apply:

Acronym format

<ACRONYM1>
<Explanation>

<ACRONYM2>
<Explanation>

<ACRONYM3>
<Explanation>

4
Conventions 
The key words “Shall”, ”Shall not”, “May”, ”Need not”, “Should”, ”Should not” in this document are to be interpreted as described in the oneM2M Drafting Rules [i.1]
5
Home Domain Abstract Information Model
5.1
Anaysis of Abstract Information Models
This section includes an analysis of the information models.

5.1.1
AllJoyn (AllSeen Alliance)
The AllJoyn system is a proximity-based, peer-to-peer communication platform that provides a framework for enabling communication among internet of everything (IoE) devices across heterogeneous distributed systems [i.3]. Especially, there is a specific project to develop the common way of controlling and monitoring Home Appliances & Entertainment (HAE) devices (such as airconditioner, refrigerator, washer), regardless of device manufacturers [i.4]. In order to achieve this issue, HAE service frame project specifies standard AllJoyn interfaces for controlling and monitoring HAE devices as shown in figure 5.1.1-1.
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Figure 5.1.1-1: Information Model in AllJoyn
In the AllJoyn information model, ‘Device’ which represents physical home appliance (such as refrigerator, oven, washer, TV) should have ‘Interface(s)’ that consist of ‘Characteristic(s)’.

 ‘Characteristic’ specifies pre-defined device properties(such as country of production, product brand, status of door, display resolution), method(such as getting location, setting the timer) and signal(similar to notification). By combining one or more pre-defined characteristic(s), a specific ‘Interface’ which provides a particular service(such as subscription or control of the device) can be defined. Furthermore, the AllJoyn system categorizes the ‘Interface’ into common interface, shared interface and device specific interface for more efficient management. Although the complexity is increased as arraging into the service set, this approach enhances the resource efficiency by resusing the ‘Interface’.

5.1.2
HomeKit (Apple Inc.)
HomeKit is a framework in iOS for communicating with and controlling connected accessories in a home domain environment [i.5]. Among developments related document, HomeKit Accessory Profiles defines the information model for some services based on the ‘Charateristic’ and ‘Service’ [i.6]. 
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Figure 5.1.2-1: Information Model in HomeKit

As shown in figure 5.1.2-1, the chracteristic specifies pre-defined characteristics and their properties (such as power state, brightness, lock state, model number). Based on the chracteristic, a specific service (such as door lock, light, thermostat) can be defined one or more chracteristic(s). Especially, the ‘Custom’ value is considered for the un-predefined characteristic and service. As a result, a specific device may have one or more service set(s). Compared to the AllJoyn system approach, the characteristic set in the Homekit are equivalent to the characteristic in the AllJoyn. The HomeKit system has moduled service sets by using characteristic set(s). It is a very similar approach  with the ‘Interface’ in the AllJoyn system. 
5.1.3
SmartHome Device Template (HGI)
The SDT (SmartHome Device Template) is an initiative from HGI to find consensus amongst various SDOs and industry alliances to derive a common approach for device modelling. HGI and partners have the approach to agree on a set of automation commands following a common syntax which are sufficient to model most home appliance functions. The key goals of the SDT are: (1) keep it simple, especially for manufacturers to contribute device information; (2) modularity for functions and device types; (3) make it easy for developers to create unified APIs; (4) be independent of underlying home-area network technologies; (4) enable extendibility of the system in place without service interruption; (5) allow a pass-through mechanism to enable use of proprietary or technology-specific functions. 

The  SDT approach is to define re-usable basic functions (or services) (labelled "ModuleClass" in the figure 5.1.3-1 below) which can represent the typical functions found in many home automation systems, such as "on/off", "dim a lamp", "receive events from binary sensor", "read data from sensor", etc. Each ModuleClass is composed of a (small) number of actions, datapoint read/write operations, or asynchronous events. For example, an "on/off" ModuleClass would consist perhaps of just one Action, but a "ReadKeypad" Action might have a number of possible events, each with some data value and (usually) a sequence-ID or timestamp start/stop to indicate when and how long each key was pressed.
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Figure 5.1.3-1: SmartHome Device Template (XSD) for a generic device (simplification of draft, under discussion with SDOs)
The  SDT represents the device models introduced in Figure 5.1.3-1 by using an XSD schema to allow formal checking of compliance for XML device descriptions of specific appliances. The modularity  goal  in the XSD schema is achieved with  re-usable XSD fragments ("ModuleClass" in the figure 5.1.3-1). 

Complex devices or appliances can then be described by an appropriate set or collection of the agreed XSD fragments (ModuleClasses), as indicated in figure 5.1.3-1, which also shows an optional DeviceInfo XSD fragment to allow recording of static information such as device manufacturer name, device firmware version, etc etc.  

Note that the SDT concept of ModuleClasses is similar to the HomeKit concept of "services".

HGI has discussed with many SDOs to validate the concept.  Consultation with various industry fora continues,  to determine an appropriate set of commonly used ModuleClasses, which however allows extensions. SDT is designed to take into account the list of "services" compiled by the SAREF project.

The SDT supports the use of a set of templates for generic devices or appliances (e.g. for a dimmable lamp, a basic washing machine, etc, which would be specific instances of the "Device" object shown in Figure 5.1.3-3) which form the basis of APIs used by application developers. These templates can also be referenced by manufacturers creating XML documents to describe their specific products. For example, the SDT enables specification of a generic washing machine template, with on/off, set-wash-temperature, pause and a few other commands, which could be referenced by a manufacturer as the schema for a XML description of a basic model washing machine. The SDT allows for vendor-specific additional commands (ModuleClasses) to suit specific product types. 

An example of how three different generic devices/appliances might be modelled using 4 different ModuleClasses is shown in the figure 5.1.3-2 below. Data values (DataPoints) which might need to be read/written during operation of the devices are shown as the lowest grouping in the figure (DataPoints/Characteristics)..
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Figure 5.1.3-2: SmartHome Template for 3 examples of generic devices

//Editor note: note that figure 5.1.3-2 is a graphic and needs to be converted to an editable diagram, e.g. like others in the chapter, when the discussion of the figure has reached consensus//
A diagram showing a draft SDT structure in more detail is shown below. It is sufficiently flexible to allow representation of e.g. the SAREF ontology or the future OneM2M ontology.
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Figure 5.1.3-2: Information Model in HGI
5.1.4
ECHONET/ECHONET Lite  (ECHONET Consortium)

The ECHONET is an open communication proximity network protocol that supports smart house and Home Energy Management System. The specification of the ECHONET is determined by the ECHONET Consortium[i.8]. ECHONET Lite has been released as a modification of the ECHONET mainly by removing the underlying network layer technology on the ECHONET[i.9].

ECHONET Consortium specify the information model called “Device Object”[i.10]. Device Object represents the property sets for devices. Over 90 types of devices for device object have been currently defined and been updated from time to time. An example of ECHONET device object is shown as figure5.1 3-1.
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Figure 5.1.4-1: Information Model in ECHONT Device Object

As shown in figure 5.1.3-1, the Device Object consist of “Super Class” which represents common properties among all devices and “Device Class” which represents specific properties for its own device type (ex. washing machine, lighting, .. etc.).
5.2
Design Principle of Abstract Information Model

This section defines a design principle of the abstract information model for the home domain appliance. Based on analysis works in the Section 5.1, design principles of abstract information model may be specified. (That is, serveral design principles can be discussed in this technical report to discovery and/or make an optimum abstract information model in the home domain environment.)

5.2.1
Design Principle: Approach 1
Based on the analysis work for the AllJoyn (section 5.1.1), HomeKit  (section 5.1.2), HGI Smart Device Template (section 5.1.3) and ECHONET (section 5.1.3), design principles of the abstract information model are as follows:
· Each device type has the abstract information model of its own.

· Vendor-specific function is needed for un-predefined characteristic(s).

· Common characteristics are needed to avoid duplicating the description.

· Home appliances shall be composed of one or more characteristic(s).

Based on the above principles, the basic abstract information model is designed as shown in figure 5.2-1.
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Figure 5.2-1: Design Principle of Abstract Information Model

· ‘Characteristic’ specifies pre-defined device characteristics which mean an atomic fuction (such as version, device model name, door status). Since some characteristic(s) may present in all in all device, the characteristic is clarified as common and device-specific characteristic in order to avoid duplicating the description for every device.
· ‘Device’ which represents physical home appliance (such as TV, Air Conditioner, Refrigerator) is composed of one or more pre-defined characteristic(s).
5.2.2
Design Principle: Approach 2
The differences from the approach 1 are as follows: 

· The approach 2 defines ‘Service’ that may have one or more characteristic(s). 
· The approach 2 does not categorize ‘Characteristic’, but ‘Service’ into common, shared and device-specific.
The concept of ‘Service’ is similar to the AllJoyn concept of ‘Interface’, the HomeKit concept of ‘Service’ and the SDT concept of ‘ModuleClasses’. This would help to increase modularity for functions and  thus enhance resource efficiency.

Design principles of the abstract information model are as follows:
· Each device type has the abstract information model of its own.

· Home appliances shall be composed of one or more service(s).
· Services is categorized into three types (common, shared and device-specific)
· Common services are needed to avoid duplicating the description.
· Shared services are needed to enhance the resource efficiency by re-using it.

· Device-specific services are needed to support specific functions for specific devices.

· A service is composed of one or more pre-defined characteristic(s).

· A characteristic can be used to represent either an attribute or a behavior. 
(Note that when a characteristic represents a behaviour, a service can be operated by just updating the characteristic)
The abstract information model structure based on the design principles above is illustrated in the figure 5.2.2-1
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Figure 5.2.2-1: Abstract Information Model
5.3
Define Abstract and Describe Specific Abstract Information Model

 This section defines plural abstract information model for the home domain devices based on the design principle.

5.3.1
Abstract Information Model: Approach 1
This approach is based on the ‘Design principle: Approach 1’ (section 5.2.1). That is, this section provides details on the ‘Characteristic’ and ‘Device’ for the abstract information model of the home domain. Here, the data type is defined in [i.7]. 
· Common Chracteristic Sets

Since some characteristics in all home domain devices may have same values, the common characteristic sets are considered to avoid duplicating the description.
Table 5.3.1-1: Common Characteristics

	Characteristic Name
	Description

	deviceFirmwareVersion
	Firmware version

	deviceFirmwareID
	Firmware ID

	deviceType
	Device type. Each device type is defined as follows:

· 101: refrigerator
· 201: washer
· 301: oven
· 401: airconditioner
· 501: robot cleaner
· 601: smart meter

	deviceAliasName
	Device alias name

	deviceSubModelName
	Device sub-model name

	nation
	Nation code

	deviceModelName
	Device model name

	deviceID
	Device ID

	powerStatus
	Power status of the device. Power status is defined as follows:

· 0: off

· 1: on

	representedPower
	Instantaneous power consumption of the device.

	usedEnergy
	Cumulative energy consumption of the device.


· Device Sets

In the device sets, device-specific characteristic(s) as well common characteristic(s) are defined. Among home domain devices, the washer is considered for representation. 
5.3.1.1
Washer

Table 5.3.1.1-1: Abstract Information Model of Washer
	Characteristic
Type
	Characteristic
Name
	Data Type
	Value
	Permission
	Description

	Common
	deviceFirmwareID
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	deviceFirmware

Version
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	deviceType
	xs:positiveInteger
	-
	RO
	See table 5.3.1-1

	Common
	deviceAlias
Name
	xs:positiveInteger
	-
	RO
	See table 5.3.1-1

	Common
	deviceSub
ModelName
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	nation
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	deviceModel
Name
	 xs:string
	-
	RO
	See table 5.3.1-1

	Common
	deviceID
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	powerStatus
	xs:boolean
	-
	RW
	See table 5.3.1-1

	Common
	representedPower
	xs:double
	-
	RO
	See table 5.3.1-1

	Common
	usedEnergy
	xs:double
	-
	RO
	See table 5.3.1-1

	
	
	
	
	
	

	Device-

specific
	totalTime
	xs:string
	-
	RO
	Remain time + Reserve time (HHMM)

	Device-

specific
	remainTime
	xs:string
	-
	RO
	Remain time (HHMM)

	Device-

specific
	reserveTime
	xs:string
	-
	RO
	Reserve time (HHMM)

	Vendor-

specific
	vendorSpecific
	xs:anySimpleType
	-
	RW
	The characteristic contains vendor-specific information.


5.3.1.2
Refrigerator
Table 5.3.1.2-1: Abstract Information Model of Refrigerator
	Characteristic
Type
	Characteristic
Name
	Data Type
	Value
	Permission
	Description

	Common
	deviceFirmwareID
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	deviceFirmware

Version
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	deviceType
	xs:positiveInteger
	-
	RO
	See table 5.3.1-1

	Common
	deviceAlias
Name
	xs:positiveInteger
	-
	RO
	See table 5.3.1-1

	Common
	deviceSub
ModelName
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	nation
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	deviceModel
Name
	 xs:string
	-
	RO
	See table 5.3.1-1

	Common
	deviceID
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	powerStatus
	xs:boolean
	-
	RW
	See table 5.3.1-1

	Common
	representedPower
	xs:double
	-
	RO
	See table 5.3.1-1

	Common
	usedEnergy
	xs:double
	-
	RO
	See table 5.3.1-1

	Device-

specific
	freezerTemp
	xs:integer
	-
	RW
	Temperature of freezer

	Device-

specific
	fridgeTemp
	xs:integer
	-
	RW
	Temperature of fridge

	Vendor-

specific
	vendorSpecific
	xs:anySimpleType
	-
	RW
	The characteristic contains vendor-specific information.


5.3.1.3
Smart Meter
Table 5.3.1.3-1: Abstract Information Model of Smart Meter
	Characteristic
Type
	Chracteristic 
Name
	Data Type
	Value
	Permission
	Description

	Common
	deviceFirmwareID
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	deviceFirmware

Version
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	deviceType
	xs:positiveInteger
	-
	RO
	See table 5.3.1-1

	Common
	deviceAlias
Name
	xs:positiveInteger
	-
	RO
	See table 5.3.1-1

	Common
	deviceSub
ModelName
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	nation
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	deviceModel
Name
	 xs:string
	-
	RO
	See table 5.3.1-1

	Common
	deviceID
	xs:string
	-
	RO
	See table 5.3.1-1

	Common
	powerStatus
	xs:boolean
	-
	RW
	See table 5.3.1-1

	Common
	representedPower
	xs:double
	-
	RO
	See table 5.3.1-1

	Common
	usedEnergy
	xs:double
	-
	RO
	See table 5.3.1-1

	Device-

specific
	instantaneous
Consumption
	xs:double
	-
	RO
	Measured instantaneous
consumption.

	Device-

specific
	cumulative
Consumption
	xs:nonNegativeInteger
	-
	RO
	Measured cumulative
consumption.

	Device-

specific
	limitOf

Consumption
	xs:double
	
	RW
	Cofigured limitation 
of consumption.

	Device-

specific
	instantaneous
Generation
	xs:double
	-
	RO
	Measured instantaneous
generation.

	Device-

specific
	cumulative
Generation
	xs:nonNegativeInteger
	-
	RO
	Measured instaneous
generation.

	Device-

specific
	limitOf

Generation
	xs:double
	-
	RW
	Cofigured limitation 
of generation.

	Device-

specific
	objective
	xs: nonNegativeInteger
	0: electricity
1: gas

2: water
	RO
	Objective of meter

	Device-

specific
	scope
	xs: nonNegativeInteger
	0: whole house

1: breaker

2: room

3: device
	RO
	Scope of meter

	Vendor-

specific
	vendorSpecific
	xs:anySimpleType
	-
	RW
	The characteristic contains vendor-specific information.


5.3.2
Abstract Information Model: Approach 2
This clause is based on the ‘Design principle: Approach 2’ (clause 5.2.2) and provides details on the ‘Service’, ‘Characteristic’, and ‘Device’ for the abstract information model of the home domain. The data type is defined in [i.7].

· Common Service
: This is the only service includes some common characteristics and/or functions that all home appliances must have.
: The objective of defining common service is to avoid duptlicating the description
Table 5.3.2-1: Common Service
	Characteristic Name
	Description

	deviceType
	Device type. Each device type is defined as follows:

· 101: refrigerator
· 201: washer
· 301: oven
· 401: airconditioner
· 501: robot cleaner
· 601: smart meter
· 700999: User defined device

	deviceID
	Device ID

	manufacturerBrand
	Brand name


· Shared Services
: Some kinds of home appliance devices may use this services or not.
: The objective of defining shared services is to avoid duplicating the description and maximize the efficiency in terms of modularity.
Table 5.3.2-2: Shared Service: Timer
	Characteristic Name
	Description

	currentTime
	Current time

	targetTimetoStart
	The time when the device is expected to start its operation

	targetTimetoStop
	The time when the device is expected to stop its operation

	targetDuration
	Target duration of the operation


Table 5.3.2-3: Shared Service: Control
	Characteristic Name
	Description

	operationState
	Current operational state

0: off, 1: idle, 2: working, 3: paused


· Device-specific Services
: This services is defined, if necessary, in specific device information models.
5.3.2.1 Washer
Table 5.3.2.1-1: Abstract Information Model of Washer
	Service
Type
	Characteristic
Name
	Data Type
	Value
	Permission
	Description

	Common
	deviceType
	xs:positiveInteger
	-
	RO
	See table 5.3.2-1

	Common
	deviceID
	xs:string
	-
	RO
	See table 5.3.2-1

	Common
	manufacturer brand
	xs:string
	-
	RO
	See table 5.3.2-1

	Shared_Timer
	currentTime
	xs:positiveInteger
	-
	RO
	See table 5.3.2-2

	Shared_Timer
	targetTimetoStart
	xs:positiveInteger
	-
	RW
	See table 5.3.2-2

	Shared_Timer
	targetTimetoStop
	xs:positiveInteger
	-
	RW
	See table 5.3.2-2

	Shared_Timer
	targetDuration
	xs:positiveInteger
	-
	RW
	See table 5.3.2-2

	Shared_Control
	operationState
	xs:positiveInteger
	-
	RW
	See table 5.3.2-3

	Device-specific
Washer function
	totalTime
	xs:string
	-
	RO
	Remain time + Reserve time (HHMM)

	Device-specific
Washer function
	remainTime
	xs:string
	-
	RO
	Remain time (HHMM)

	Device-specific
Washer function
	reserveTime
	xs:string
	-
	RO
	Reserve time (HHMM)

	Device-specific
Washer function
	waterLevel
	xs:positiveInteger
	-
	RW
	Level of water for a washer device

	Device-specific
Washer function
	spinLevel
	xs:positiveInteger
	-
	RW
	Level of spin for a washer device


6
Representation in the oneM2M System
Editor’s Note: This section defines how the developed abstract information model for a device could be represented in the CSEs of the oneM2M system.

6.1 Introduction
This clause describes potentially how the developed abstract information model for a device could be represented in the CSEs of the oneM2M system.
The developed abstract information model for home appliances (see clause 5.3) should be represented somehow as a resource within the oneM2M system. There could be several ways to do so, and they might have different features. 

The following clauses describe potential ways of representation and provide the pros and cons of each solution for intercomparison which could then lead to the clause 7 conclusion.  

6.2 Approach 1: Representation Using Dedicated Resource Types

6.2.1 New Resource Type appliance
Editor’s note: This should be synchronized with <customized resource type> which is on-going topic raised by Qualcomm
This clause proposes a new resource type that can represent the oneM2M Information Model defined in the clause 5.3.2.

The <appliance> resource represents an application object that is exposed by an M2M Application to enable other M2M Applications to manipulate its object data (e.g., home appliance control data). Manipulation of the resource attributes are notified to the M2M Application then it can perform its application logics and return results. Those attributes to manipulate the application object are pre-defined so that the Originator application and the target application already share the control information and its data formats. 

The <appliance> resource is a child resource of the <AE> resource. The target M2M application (e.g., which hosts home appliance control application) creates the resource under its <AE> resource and other M2M Applications discover and manipulates with the proper privileges.

Each instance of <appliance> resource is the instance of specializied <appliance> resource. 
There are two approaches to define <appliance> resource type. They are one-level representation and two-level representation.

6.2.1.1 one-level <appliance>
All services including common service, shared services and device-specific services defined in clause 5.3.2 are represented as attributes of <appliance>. Common service that indicating basic properties of a device are directly mapped to attributes under <appliance>. And, shared services and device-specific services are mapped to [sharedChar] and [deviceSpecificChar] respectively because they are variable. 
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Figure 6.2.1.1-1. Structure of <appliance> resource

The <appliance> resource should contain the child resources specified in table 6.2.1.1-1.

Table 6.2.1.1-1: Child resources of <appliance> resource

	Child Resources of <appliance>
	Child Resource Type
	Multiplicity
	Description
	<applianceAnnc> Child Resource Types

	[variable]
	<subscription>
	0..n
	See clause 9.6.8 in TS-0001
	<subscription>


The <appliance> resource should contain the attributes specified in table 6.2.1-2.

Table 6.2.1.1-2: Attribute of <appliance> resource

	Attributes of 
<appliance>
	Multiplicity
	RW/

RO/

WO
	Description
	<applianceAnnc> Attributes

	resourceType
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	resourceID
	1
	RO
	See clause 9.6.1.3 in TS-0001
	MA

	resourceName
	1
	WO
	See clause 9.6.1.3 in TS-0001
	MA

	parentID
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	expirationTime
	1
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	accessControlPolicyIDs
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	labels
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	creationTime
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	lastModifiedTime
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	announceTo
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	NA

	announcedAttribute
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	NA

	applianceDefinition
	1
	WO
	Definition of the application that is exposed by this resource (e.g., Washer).
	MA

	
	
	
	
	

	deviceType
	1
	RO
	See clause 5.3.2
	OA

	deviceID
	1
	RO
	See clause 5.3.2
	OA

	manufacturerBrand
	1
	RO
	See clause 5.3.2
	OA

	[sharedChar]
	0..n
	RW
	List of shared attributes which are defined per each specialized <appliance> resource. Specialized attributes can have characteristics or behaviors that are defined in oneM2M information model (see TS-000x)
	OA

	[deviceSpecificChar]
	0..n
	RW
	List of device-specific attributes with are defined per each specialized <appliance> resource.
Specialized attributes can have characteristics or behaviors that are defined in oneM2M information model (see TS-000x)
	OA

	applianceStatus
	1
	RO
	Status information of the application which is represented as the parent <AE>  resource (e.g., online, offline).
	OA


Note: Some characteristics such as deviceFirmwareVersion, deviceFirmwareID and deviceID which will be needed in the future are already defined in oneM2M system. So they can be represented in a different way using some kinds of linking attributes.    

Example A. Resource washer (Specialization of one-level <appliance>)

The [washer] resource is used to share information regarding wahser. The [washer] is a specialization of the one level <appliance> resource.
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Figure 6.2.1.1-2. Structure of [washer] resource

The [washer] resource should contain the child resource specified in table 6.2.1.3-3.

Table 6.2.1.3-3: Child resources of [washer] resource

	Child Resources of <washer>
	Child Resource Type
	Multiplicity
	Description
	<applianceAnnc> Child Resource Types

	[variable]
	<subscription>
	0..n
	See clause 9.6.8 in TS-0001
	<subscription>


The <washer> resource should contain the attributes specified in table 6.2.1.3-4.

Table 6.2.1.3-4: Attribute of <washer> resource

	Attributes of 
<appliance>
	Multiplicity
	RW/

RO/

WO
	Description

	resourceType
	1
	RO
	See clause 9.6.2.3. in TS-0001

	resourceID
	1
	RO
	See clause 9.6.2.3. in TS-0001

	resourceName
	1
	WO
	See clause 9.6.2.3. in TS-0001

	parentID
	1
	RO
	See clause 9.6.2.3. in TS-0001

	expirationTime
	1
	RW
	See clause 9.6.2.3. in TS-0001

	accessControlPolicyIDs
	0..1 (L)
	RW
	See clause 9.6.2.3. in TS-0001

	labels
	0..1 (L)
	RW
	See clause 9.6.2.3. in TS-0001

	creationTime
	1
	RO
	See clause 9.6.2.3. in TS-0001

	lastModifiedTime
	1
	RO
	See clause 9.6.2.3. in TS-0001

	announceTo
	0..1 (L)
	RW
	See clause 9.6.2.3. in TS-0001

	announcedAttribute
	0..1 (L)
	RW
	See clause 9.6.2.3. in TS-0001

	applianceDefinition
	1
	WO
	Definition of the application that is exposed by this resource (e.g., Washer).

	deviceType
	1
	RO
	Common, See table 5.3.2-1

	deviceID
	1
	RO
	Common, See table 5.3.2-1

	manufacturerBrand
	1
	RO
	Common, See table 5.3.2-1

	currentTime
	0..1
	RW
	Current time

	targetTimetoStart
	0..1
	RW
	The time when the device is expected to start its operation

	targetTimetoStop
	0..1
	RW
	The time when the device is expected to stop its operation

	targetDuration
	0..1
	RW
	Target duration of the operation

	applianceStatus
	1
	RO
	Status information of the application which is represented as the parent <AE>  resource (e.g., online, offline).


As a procedure example, the figure 6.2.1.1-3 illustrates how the [washer] resource works for controlling the device.

There are three players in the example. Remote Controller (AE) can control or monitor Washer device using [washer] resource which is located at the Gateway (Hosting CSE) and requested by Washer (AE) 

Step-001: Washer (AE) requests AE registration to the Gateway (Hosting CSE)

Step-002: After checking authority using a Certificate or Service Subscription Profile, the Hosting CSE should create <AE> resource under <CSEBase> resource.
Step-003: The Hosting CSE should respond with reasonable parameters in Response message for <AE> Create operation.
Step-004: Washer (AE) requests for creating [washer] resource to the Gateway (Hosting CSE)
Step-005: If the request is from the creator of <AE>, the Hosting CSE should create [washer] resource under <AE>. Otherwise, it rejects.
Step-006: The Hosting CSE should respond with reasonable parameters in Response message for [washer] Create operation.
Step-007: Washer (AE) requests for creating <subscription> resource preparing to get a notification which will be regarded as a command to actuate the physical device.
Step-008: After checking privileges, the Hosting CSE should create <subscription> resource under [washer].
Step-009: The Hosting CSE should respond with reasonable parameters in Response message for <subscription> Create operation.
Step-010: The other AE that is Remote Controller requests to the Hosting CSE for discovery of [washer] resource with filter criteria. 
Step-011: The Hosting CSE checks its authority, and generates the results that meet the filter criteria. 
Step-012: The Hosting CSE should respond with reasonable parameters including Content in Response message for Retrieve operation.
Step-013: The Remote Controller requests to update a particular attribute of [washer] resource with the ultimate purpose of controlling the physical device.
Step-014: Depending on the result of privilege check, the Hosting CSE performs the requested operation.
Step-015: According to the <subscription> created in the Step-008, the Hosting CSE should send a Notification to the Washer (AE).
Step-016: The Washer should physically operate functions. In this example, it turn on the device if the value of powerStatus attribute changed from zero to one.
Step-017: The Washer should respond with reasonable parameters in Response message indicating its result and status. (e.g., Success or Failure / On or Off)

Step-018: The Hosting CSE should respond with reasonable parameters in Response message for Update operation.
Step-019: The Remote Controller can see the success of failure and current status.
Note: In many other use cases, the remote controller (AE) can just retrieve the [washer] resource and its attributes. In other word, the [washer] resource may be used only for mornitoring. 
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Figure 6.2.1.1-3. An example of [washer] procedure

6.2.1.2 two-level <appliance>
The first approach described in clause 6.2.1.1 is straightforward to implement. But, it is difficult to represent the relationships among services and shared attributes must be re-defined for each specializations everytime.
This clause describes the second approach introducing a new resource type <applianceService> which will be also specialized to specific services such as [timer], [spin] and etc. 
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Figure 6.2.1.2-1. Structure of <appliance> resource

The <appliance> resource should contain the child resources specified in table 6.2.1.2-1.

Table 6.2.1.2-1: Child resources of <appliance> resource

	Child Resources of <appliance>
	Child Resource Type
	Multiplicity
	Description
	<applianceAnnc> Child Resource Types

	[variable]
	<applianceService>
	1..n
	This resource provides capability to get information about common, shared or device-specific operational states of an appliance and to control an appliance with a specific set of commands linked to the appliance.
	<appFuncAnnc>

	[variable]
	<subscription>
	0..n
	See clause 9.6.8 in TS-0001
	<subscription>


The <appliance> resource should contain the attributes specified in table 6.2.1.2-2.

Table 6.2.1.2-2: Attribute of <appliance> resource

	Attributes of 
<appliance>
	Multiplicity
	RW/

RO/

WO
	Description
	<applianceAnnc> Attributes

	resourceType
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	resourceID
	1
	RO
	See clause 9.6.1.3 in TS-0001
	MA

	resourceName
	1
	WO
	See clause 9.6.1.3 in TS-0001
	MA

	parentID
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	expirationTime
	1
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	accessControlPolicyIDs
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	labels
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	creationTime
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	lastModifiedTime
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	announceTo
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	NA

	announcedAttribute
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	NA

	applianceStatus
	1
	RO
	Status information of the application which is represented as the parent <AE>  resource (e.g., online, offline).
	OA


The <applianceService> is a set of characteristics supporting a service and it is re-usable for multiple specializations of <appliance> resource.
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Figure 6.2.1.2-2. Structure of <applianceService> resource

The <applianceService> resource should contain the child resources specified in table 6.2.1.2-3.

Table 6.2.1.2-3: Child resources of <applianceService> resource

	Child Resources of <appliance>
	Child Resource Type
	Multiplicity
	Description
	<applianceAnnc> Child Resource Types

	[variable]
	<subscription>
	0..n
	See clause 9.6.8 in TS-0001
	<subscription>


The <appliance> resource should contain the attributes specified in table 6.2.1.2-4.

Table 6.2.1.2-4: Attribute of <applianceService> resource

	Attributes of 
<appliance>
	Multiplicity
	RW/

RO/

WO
	Description
	<applianceAnnc> Attributes

	resourceType
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	resourceID
	1
	RO
	See clause 9.6.1.3 in TS-0001
	MA

	resourceName
	1
	WO
	See clause 9.6.1.3 in TS-0001
	MA

	parentID
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	expirationTime
	1
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	accessControlPolicyIDs
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	labels
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	creationTime
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	lastModifiedTime
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	announceTo
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	NA

	announcedAttribute
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	NA

	servDefinition
	1
	WO
	Definition of the service that is exposed by this resource (e.g., Common, Timer).
	MA

	[characteristic]
	0..n
	RW
	List of attributes which are defined per each specialized <applianceService> resource. Specialized attributes can have characteristics or behaviors that are defined in oneM2M information model (see TS-xxxx)
	OA


The <applianceService> resource should be specialized to particular services. The <appliance> resource must have at least one specialization of the <applianceService> resource for indicating its common properties.  
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Figure 6.2.1.2-3. Structure of [commonService] resource

The [commonService] specialization of the <applianceService> resource should contain the child resources specified in table 6.2.1.2-5.

Table 6.2.1.2-5: Child resources of [commonService] specialization

	Child Resources of <appliance>
	Child Resource Type
	Multiplicity
	Description
	<applianceAnnc> Child Resource Types

	[variable]
	<subscription>
	0..n
	See clause 9.6.8 in TS-0001
	<subscription>


The [commonService] specialization should contain the attributes specified in table 6.2.1.2-6. 

Table 6.2.1.2-6 Attribute of [commonService] specialization

	Attributes of 
<appliance>
	Multiplicity
	RW/

RO/

WO
	Description
	<applianceAnnc> Attributes

	resourceType
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	resourceID
	1
	RO
	See clause 9.6.1.3 in TS-0001
	MA

	resourceName
	1
	WO
	See clause 9.6.1.3 in TS-0001
	MA

	parentID
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	expirationTime
	1
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	accessControlPolicyIDs
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	labels
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	creationTime
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	lastModifiedTime
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	announceTo
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	NA

	announcedAttribute
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	NA

	servDefinition
	1
	WO
	Definition of the application that is exposed by this resource (e.g., Washer).
	MA

	deviceType
	1
	RO
	See clause 5.3.2
	OA

	deviceID
	1
	RO
	See clause 5.3.2
	OA

	manufacturerBrand
	1
	RO
	See clause 5.3.2
	OA


The <appliance> resource should have more specializations of the <applianceService> resource for indicating its characteristics and behaviors. For example, it can have a [timer] resource.
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Figure 6.2.1.2-4. Structure of [timer] resource

The [timer] specialization of the <applianceService> resource should contain the child resources specified in table 6.2.1.2-7.

Table 6.2.1.2-7: Child resources of [timer] specialization

	Child Resources of <appliance>
	Child Resource Type
	Multiplicity
	Description
	<applianceAnnc> Child Resource Types

	[variable]
	<subscription>
	0..n
	See clause 9.6.8 in TS-0001
	<subscription>


The [timer] specialization should contain the attributes specified in table 6.2.1.2-8. 

Table 6.2.1.2-8 Attribute of [timer] specialization

	Attributes of 
<appliance>
	Multiplicity
	RW/

RO/

WO
	Description
	<applianceAnnc> Attributes

	resourceType
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	resourceID
	1
	RO
	See clause 9.6.1.3 in TS-0001
	MA

	resourceName
	1
	WO
	See clause 9.6.1.3 in TS-0001
	MA

	parentID
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	expirationTime
	1
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	accessControlPolicyIDs
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	labels
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	MA

	creationTime
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	lastModifiedTime
	1
	RO
	See clause 9.6.1.3 in TS-0001
	NA

	announceTo
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	NA

	announcedAttribute
	0..1 (L)
	RW
	See clause 9.6.1.3 in TS-0001
	NA

	currentTime
	0..1
	RW
	Current time
	OA

	targetTimetoStart
	0..1
	RW
	The time when the device is expected to start its operation
	OA

	targetTimetoStop
	0..1
	RW
	The time when the device is expected to stop its operation
	OA

	targetDuration
	0..1
	RW
	Target duration of the operation
	OA


Example B. Resource washer (Specialization of two-level <appliance>)

The [washer] resource is used to share information regarding wahser. The [washer] is a specialization of the two-level <appliance> resource.
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Figure 6.2.1.2-5. Structure of [washer] resource

The [washer] resource should contain the child resource specified in table 6.2.1.2-9.

Table 6.2.1.2-9: Child resources of [washer] resource

	Child Resources of <washer>
	Child Resource Type
	Multiplicity
	Description
	<applianceAnnc> Child Resource Types

	commonService
	<applianceService> as defined in the specialization of [commonService] (common service)
	1
	See figure 6.2.1.2-3
	<applianceServiceAnnc>

	[variable]
	<applianceService> as defined in the specialization of [timer] (shared service)
	0..1
	See figure 6.2.1.2-4
	<applianceServiceAnnc>

	[variable]
	<applianceService> as defined in the specialization of [dryer] (device specific service)
	0..1
	This resource describes a dryer function for a washer.
	<applianceServiceAnnc>

	[variable]
	<subscription>
	0..n
	See clause 9.6.8 in TS-0001
	<subscription>


The <washer> resource should contain the attributes specified in table 6.2.1.2-10.

Table 6.2.1.2-10: Attribute of <washer> resource

	Attributes of 
<appliance>
	Multiplicity
	RW/

RO/

WO
	Description

	resourceType
	1
	RO
	See clause 9.6.2.3. in TS-0001

	resourceID
	1
	RO
	See clause 9.6.2.3. in TS-0001

	resourceName
	1
	WO
	See clause 9.6.2.3. in TS-0001

	parentID
	1
	RO
	See clause 9.6.2.3. in TS-0001

	expirationTime
	1
	RW
	See clause 9.6.2.3. in TS-0001

	accessControlPolicyIDs
	0..1 (L)
	RW
	See clause 9.6.2.3. in TS-0001

	labels
	0..1 (L)
	RW
	See clause 9.6.2.3. in TS-0001

	creationTime
	1
	RO
	See clause 9.6.2.3. in TS-0001

	lastModifiedTime
	1
	RO
	See clause 9.6.2.3. in TS-0001

	announceTo
	0..1 (L)
	RW
	See clause 9.6.2.3. in TS-0001

	announcedAttribute
	0..1 (L)
	RW
	See clause 9.6.2.3. in TS-0001

	applianceDefinition
	1
	WO
	Definition of the application that is exposed by this resource (e.g., Washer).

	applianceStatus
	1
	RO
	Status information of the application which is represented as the parent <AE>  resource (e.g., online, offline).


6.3 Approach 2: Existing Resource Type container/contentInstance

6.3.1 Introduction

This clause introduces another candidate solution for respresentation of the oneM2M Information Model defined in the clause 5.3.2 using container and contentInstance.

 With <container> resource, it is also possible to map the home appliance information model to oneM2M system. 

Both <appliance> and <appService> resources described in Approach 1 can be converted into <container> respectively. Because <container> resource type supports hierarchical structure, it can have a <container> as a child resource. The parent <container> is mapped with a specific device (appliance), and the child <container> is mapped with a specific service (appService). Attributes that is located directly under the root (applianceDefinition, applianceStatus) are also mapped to <container>.
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Figure 6.2.2-1. Structure of <container> resource for representation of appliance

Each services can be represented using <container> as well and characteristics for the services can be also represented as <container>. 
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Figure 6.2.2-2. Structure of a child <container> resource for representation of appService

6.4 Comparison of potential solutions

	

	Using new resource type (appliance)
	Using existing resource type (container)

	Advantages
	· Less overhead

· More efficient for use of storage
· Special features for home appliances can be defined (e.x., application triggering between different appliances)
· Subscription for specific domain

· True abstraction (application doesn’t need to understand technology specific data model)

· Application developers will find the new resource type easier to use
	· More flexible for usage by applications  (coarse grain container or hierarchical container) 

· Applicable for more general purposes

	Disadvantages
	· Maintainability

· Increases the complexity of system

· Reduces the interoperability 
	· Ontologies needed to make it understandable

· Mandatory attributes for container cause overhead
· Difficult to monitor directly specific attributes (coarse grain container) or heavier overhead (hierarchical container)


7
Conclusions

Editor’s Note: This section summarizes contents from each section and describes the usefulness and applicability of this document.
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