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1
Scope

The present document describes and collects the state-of-art of the existing technologies on abstraction & semantics capability, evaluates if the technologies can match the requirements defined in oneM2M, analyzes how the technologies can leverage the design of the architecture of oneM2M.
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

As a Technical Report (TR) is entirely informative it shall not list normative references.
The following referenced documents are necessary for the application of the present document.
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]
ETSI TS 102 690: "Machine-to-Machine communication (M2M): Functional architecture".

[i.2]
ETSI TR 101 584: "Machine-to-Machine communication (M2M): Study on Semantic support for M2M Data".
3
Definitions, symbols, abbreviations  and acronyms
3.1
Definitions

Abstraction: The process of mapping between a set of Device Application Information Models and an Abstract Application Information Model according to a specified set of rules.

Attribute: (also called “property”, “characteristics”, “characteristics”)
Example: Name, Time, Location
Ontology : An ontology is a formal specification of a conceptualization, that is defining Concepts as Objects with their properties and relationships versus other Concepts. 

Physical entity: a tangible element that is intrinsic to the environment, and that is not specific to a particular M2M application in this environment.

Depending on the environment, the physical entity may be an appliance, a piece of furniture, somebody, a room of a building, a car, a street of a city, etc. To be part of the M2M/IoT architecture, a physical entity does not need to be connected through a direct network interface, or even to be identified through a universal identification scheme such as RFID/EPC global, provided it can be sensed by sensors that are supposed to be deployed in this environment, and possibly acted upon by actuators. 

Relation : (also called “interrelation”) stating a relationship among Concepts
Example: “is-part-of”, “is-subtype-of”

Thing: an element of the environment that is individually identifiable in the M2M system. 

Thing Representation: It is the instance of the informational model of the Thing in the M2M System. A Thing Representation provides means for applications to interact with the Thing.

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 "MUST", "MUST NOT", "REQUIRED", "SHALL", "SHALL NOT", "SHOULD", "SHOULD NOT", "RECOMMENDED",  "MAY", and "OPTIONAL" in this document are to be interpreted as described in RFC 2119 [1].
5
Introduction on Abstraction and Semantic Capability Enablement in oneM2M
Editor’s Note: The chapter is to introduce concepts, use cases, benefits, etc.
5.1
Overview

Editor’s Note: The section is to introduce an overview of abstraction&semantics. 

5.2
Use Cases
Editor’s Note: The section is to introduce several use cases for abstraction&semantics. 
Editor’s Note: It is FFS whether to keep use cases in this TR or oneM2M use case collection TR. 
5.3
Benefits of Abstraction and Semantics
Editor’s Note: The section provides benefits of abstraction&semantics. 

6
Abstraction Technologies
Editor’s Note: The chapter is to introduce abstraction technologies.
6.1
Overview

Editor’s Note: The section provides an overview of technologies used for abstraction capability.
6.2
Introduction of Existing Technologies
Editor’s Note: The section provides existing technologies that can be used for providing abstraction capability enablement in oneM2M..All the description in this section is the introduction to the currently existing technology. The relation between the technology and oneM2M is not covered in this section.
6.2.1
Introduction to ETSI M2M Device Abstraction 
6.2.1.1
Architecture
Native devices (type d) can host several applications. For example, a ZigBee device can have several on/off switches. Each switch is a distinct application and needs to be registered to the Gateway as well as the Network. As specified in the TS 102 690 [i.1] section 6.1, the GIP capability provides interworking between non ETSI compliant devices and the GSCL. 

Figure 6.1 [i.2] shows a high-level architecture for supporting device abstraction. Native devices (e.g. ZigBee devices) are first registered in the GSCL as native applications through the GIP capability. These native applications are then abstracted in corresponding abstract resources through a capability supporting device abstraction, which is called the Gateway Resource Abstraction (GRA) capability. Both native and abstracted applications are then registered (or announced) to the NSCL via mId interface. Both GSCL and NSCL have abstract resources in their resource tree. 

This architecture provides both legacy M2M applications, which have access network specific knowledge, and standard M2M applications to have an access to native resources. The legacy M2M applications can access through the native applications while the standard M2M applications do through the abstracted resources. 
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Figure 6.1: High-level architecture for supporting device abstraction

6.2.1.2
Interworking with legacy devices (d) through abstract devices
The following figure provides a resource-entity model that represents an M2M area network. In this model, each device in the network has native data and methods which are provided via access network-specific interfaces to applications. In order to provide interworking with M2M network applications that do not understand access specific technologies, the model defines an abstract application and linked it to its native application. 

Since not all native applications are directly mapped to an abstracted application, the model provides 1 (native application) to 0..n (abstract application) relationship. All child entities of both native and abstract application such as interface, data field and method have the same 1 to 0.n relationship. 


[image: image3]
Figure 6.2: Generic entity-relation diagram for an M2M Area Network and its resources

This entity-relation diagram is applicable to the following M2M Area Networks: 

· ZigBee

· DLMS/COSEM

· Zwave

· BACnet

· ANSI C12

· mBus 

Native resource. 
Native resource is an Application resource specified in the TS 102 690 that shall store network specific information about the Application. Same as application resource, native resource is created as a result of successful registration of an Application with the local SCL. M2M network applications that understand network specific information can interwork with legacy devices (d) through this native resource.

Abstract resource. 
An abstracted resource shall point to the native resource hosted in another SCL or in the same SCL. The abstracted resource is a virtual resource which consists of a set of generalized attributes instead of local area network specific attributes, such as, the searchStrings, the abstractLink to the original resource, a set of genericCommands, which are visible to applications (e.g. toggle, on and off), and the accessRight. The purpose of the abstracted resource is to represent the original resource without any network-specific information, so that the issuer does not need to know about any prior knowledge of the used underlying network technology. An abstracted resource itself shall be considered the same as other native resources that are located in the same SCL. When an abstracted resource is discovered, it returns a direct reference to the native resource. 

6.2.1.3
Gateway Resource Abstraction (GRA) Capability
At start-up of forming a local area network, the GIP capability detects new devices that have joined the network and creates original M2M resources on GSCL, which are specific to the local network technology. When the GIP capability creates the original resources, the GRA capability detects new resources, creates their corresponding abstract resources and registers them in proper SCLs. 

The GRA Capability in the M2M Gateway is an optional capability, i.e. deployed when needed/required by policies.

The GRA Capability provides the following functionalities:

· Detects any additions of new native resources in the GSCL. 

· Generates an abstracted resource from the native resource, which is non ETSI compliant resource. 

· Links native resources to their corresponding abstract resources. 

· Registers abstract resources to the NSCL. 

· Subscribes to native resources to be notified any updates. 

· Synchronize abstracted resources to their native resources. 

· Provides functional mapping between the abstracted information (i.e. generic attributes and commands) and the underlying network specific information. 

· GRA may either be an internal capability of GSCL or an application communicating via reference point dIa with GSCL. GRA can also be merged with the xIP (i.e. GIP, NIP and DIP) capability, so that provides resource abstraction and interworking capabilities together. 
6.2.1.4
Subscription of Abstract Resources
Any xA in the ETSI M2M architecture should be able to create a subscription to an abstract resource. The xSC is responsible for managing the subscription. Any xA that subscribes to an attribute value can be notified when the value changes. 
6.2.1.5
Mapping Principle
This section describes the mapping principles that are used to map a generic M2M abstract resource into a native M2M resource. There exist two ways of describing an abstract device. The first one is to consider each abstract device as an application. The second mapping method uses the subcontainers resource so that each abstract device is considered as a container resource and registered to the network application where they are belonging to.

Representing the M2M Area Network using Link: Each abstract application belonging to a Device (N.B.: they are not ETSI M2M Applications) is modeled with an ETSI M2M <abstract-application> resource. The URI used to access this <abstract-application> resource has the following format:

<sclBase>/applications/<networkX_deviceY_abstract-applicationZ>

The <abstract-application> resource contains an ETSI M2M <container> sub resource. The URI used to access this <container> resource has the following format:

<sclBase>/applications/<networkX_deviceY_abstract-applicationZ>/containers/descriptor

The <container> resource contains one or more <contentInstance> sub resource. The “content” attribute of this sub resource contains the representation of the Application. In particular, since an Application can implement several Interfaces, each of them modeled with ETSI M2M resources (see next bullet for description), the “content” attribute of the <contentInstance> resource may contain the URIs of the ETSI M2M resources representing these Interfaces. The URI used to access the <contentInstance> resource containing the current representation of the Application has the following format:

<sclBase>/applications/<networkX_deviceY_abstract-applicationZ>/containers/descriptor/contentInstances/latest

The <contentInstance> resource pointed by the “latest” attribute of  the contentInstances resource contains always the current representation of the Device.

Each Data Field and each Method belonging to an Abs_Interface is generalized from their corresponding native Data Field and method. Same as to the native one, they can be mirrored or retargeted. 

If the Data Field or the Method is mirrored the ETSI M2M <abstract_application> resource modeling the Application contains an ETSI M2M <container> sub resource for each interface element mirrored (either Data Field or Method). The URI used to access this <container> resource has the following format:

<sclBase>/applications/<networkX_deviceY_abstract-applicationZ>/containers/<abs_interfaceW_datafieldN>

or

<sclBase>/applications/<networkX_deviceY_abstract-applicationZ>/containers/<abs_interfaceW_methodM>

The <container> resource contains one or more <contentInstance> sub resource. The “content” attribute of this sub resource contains the representation of the Data Field or the Method; for the Data Field it is its value, for the Method it is the actual parameters used for a Method invocation or the result of a Method invocation. The URI used to access the <contentInstance> resource containing the current representation of the Data Field or the Method has the following format:

<sclBase>/applications/<networkX_deviceY_abstract-applicationZ>/containers/<abs_interfaceW_datafieldN>/contentInstances/latest

or

<sclBase>/applications/<networkX_deviceY_abstract-applicationZ>/containers/<abs_interfaceW_methodM>/contentInstances/latest

The ETSI M2M <abstract_application> also has a link to its native <application>. The URI used to access the <native_application> resource containing the native representation of the resource has the following format: 

<sclBase>/applications/<networkX_deviceY_native-applicationZ>

Figure 6.3 provides an overview of the resources used to model an example of an abstract device. 
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Representing abstract device using subcontainers:In this representation method, the “subcontainers” resource can be used instead of the link. The subcontainers resource is a resource that is used to represent a collection of sub-container <container> resources. Since the subcontainers resource links a <container> resource with sub-container <container> resources, e.g. ../containers/<parentcontainer>/subcontainers/<container>, all abstract devices and original devices are represented as a container. 

For example, in the representation using subcontainers, each device regardless of type (i.e. abstract or original) is described as a container and included in the subcontainers of the M2M Area Network application resource. The URI used to access the <container> resource of an abstract device Y has the following format: 


<sclBase>/applications/<networkX >/subcontainers/<networkX_deviceY_abstract_container>

while the <container> resource of an original device Y has the following format: 


<sclBase>/applications/<networkX >/subcontainers/<networkX_deviceY_container>

The <subcontainers> resource contains one or more containers for devices. Figure 6.2 provides an overview of the resources used to model an example of an abstract device using the subcontainers resource:



[image: image5]
6.2.2
Technology x
Editor’s Note: The section provides a potential technology.

6.3
 Gap Analysis of Existing Abstraction Relevant Technologies
Editor’s Note: The section lists all the requirements related to abstraction in oneM2M and analyzes how the proposed architectures can fulfil the requirements and identifies potential gaps.The section also gives reference to the specification of the analysed technologies.  
6.3.1
Abstraction Related Requirements Gap Analysis Reference
Editor’s Note: The table below gives cross reference to the requirements and the technologies. The matrix represents whether or not the technology can fulfil the requirement. At the same time, in the following sections, detailed description of the depth of how well the technology can fulfil the requirement should be shown. 
	
	Technology 1
	Technology x
	

	DSR-XX1
	
	
	

	DSR-XX2
	
	
	

	
	
	
	


Table 1 Requirements fulfilment reference
6.3.2
Requirement 1
Editor’s Note: The section gives descriptions in depth how the technologies can fulfil each abstraction related requirements defined in oneM2M. 

6.3.2.1
Technology 1

6.3.2.2
Technology x

6.4
oneM2M Architectural Considerations for Abstraction
6.4.1
Introduction

This section analyzes whether utilisation of the analysed abstraction technologies, to fulfil the oneM2M abstraction related requirements, results in any architectural recommendations for, or potential constraints to, the oneM2M architectural design. This section also highlights any restrictions that the oneM2M arhctecture potentially places on utilisation of the analysed abstraction technologies within oneM2M.
6.4.2
Technology 1

6.4.3
Technology  x
6.5
Evaluation

Editor’s Note: The section evaluates the discussed architectural considerations for abstraction. 
7
Technologies for Semantic M2M System
Editor’s Note: The chapter is to introduce technologies that enable adding semantics to the M2M system.  
7.1
Overview

Editor’s Note: The section provides an overview of technologies used for semantics capability.

7.2
Introduction of Existing Technologies
Editor’s Note: The section provides existing technologies that can be used for providing semantics capability enablement in oneM2M.. All the description in this section is the introduction to the currently existing technology. The relation between the technology and oneM2M is not covered in this section. 
7.2.1
Introduction to ETSI Semantic M2M System
7.2.1.1
System Overview
Figure 7.1 [i.2] describes a high-level architecture of Semantic M2M with internal components. 
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Figure 7.1: Semantic M2M system overview

Semantic engine: 

Semantic engine plays a key role in Semantic M2M system. Similar to interworking proxy capabilities (xIP) in NSCL [i.1], semantic engine can be deployed in NSCL. For discovery, the engine receives a semantic query; handles the query and returns results. 

Semantic engine provides functionalities as follows: 

· validate semantic attributes (according to semantic model, e.g., RDF and OWL, either defined by ETSI M2M or outside of ETSI M2M), 

· process semantic queries, for example decomposing a query into multiple sub-queries, aggregating the results from sub-queries. 

M2M ontologies: 

M2M ontology is a formal description of M2M resources, of the structures of things, properties, processes and their relationships in a domain. 

7.2.1.2
Semantic Annotation
Semantic annotation of M2M resources is a method for adding semantic information to M2M resources so that provides consistent data translation and data interoperability to heterogeneous M2M applications. Semantically annotated M2M resources can be contacted by an M2M application that understands what data are provided by the resources and what these data means. These annotations provide more meaningful descriptions and expose M2M data than traditional M2M system alone. 

In brief, M2M resources usually consist of sensor devices monitoring and reporting a specific data and actuators executing a given command. Comparing with other semantic services, such as Semantic Web and Semantic Sensor Web, semantic M2M needs to provide semantic information for both data and commands. 

In many cases, semantic information is annotated using RDF because RDF provides a general, flexible way to decompose any knowledge into discrete pieces and can be stored in many different formats. In addition, RDF is useful to encode information about relations between things which includes a lot of semantic information. A triple store is usually selected in order to store and retrieve such relational information. However, ETSI M2M uses a hierarchical resource tree to store resource information and provide discovery of these resources.  

The first step towards a semantic M2M system is to annotate semantic information to its managing resources. Semantic information is retrieved from the relations between M2M resources and can be annotated as an attribute of the resources. The ETSI M2M system uses a hierarchical tree structure to store and represent its resources. Thus, in the ETSI M2M system, semantic information can be retrieved from the relations between M2M resources and embedded as an attribute of the resources. 

The semanticInfo attribute contains the semantic description of the thing. This ontology shows what is the meaning of the thing. This semantic description is expressed with namespace prefix to avoid name conflicts.  
To describe relationships with other things, the relations attribute can be introduced, this attribute can have a pair format, i.e. <relation : link to other thing>. For example, a Zigbee temperature sensor that is controlled by a Zigbee controller 1 can be described in the following format: 

“m2m:isControlled – Zigbee-Controller-1”  – (example 1)

These senaticInfo and relations attributes are a subject for resource discovery so that any applications can easily discover ETSI M2M resources without any domain specific expert knowledge. 

The object of relation, i.e. link to other thing, can be any type of resources. All type of things in ETSI M2M, physical thing, abstract devices and virtual things, can be used as a subject for link to other thing. This field should be an (absolute or relative) URI pointing to another ETSI M2M resource. In the previous example, the Zigbee controller 1 is an actual thing that exists in the ETSI M2M system. Virtual things can be used to add more semantic information to the actual things. 

For example, if a sensor is deployed in a room-1, semantic annotation between the sensor and the room-1 can add semantic information about the location. In this example, room-1 is not a physical object but a virtual thing. Through annotating the relationship between the sensor and room-1, user can discovery the sensor when asking sensors in the room-1. The relationship can be described in the following format:   

“m2m:isDeployed – room-1”  – ( example 2) 

A new semantic information can be easily created, updated and deleted through using ETSI M2M supported Restful commands, CREATE, UPDATE and DELETE, respectively. In order to avoid name conflicts between vocabularies used in semanticInfo and relations, namespace prefix and the namespace URI are also defined. For example, isDeployed could be defined differently in two different domains: sns:isDeployed and m2m:isDeployed. This means that other could define isDeployed with other namespace prefix.  If semantic information is provided together with this namespace prefix, a reader could be able to understand that they are different semantic information even though they have the same name. 

The namespace URI can also be introduced as an attributed. The following figure shows how semantinInfo, relations and namespaceURI can be expressed within the ETSI M2M resource tree. In this case, <namespaceURIs> contains a list of namespace URIs. For example: 

<m2m=http://www.m2m-semantic.org/sensor#>
<sns=http://www.homeautomation.org/sensor#>
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Figure 7.2: An example of Namespace URI as part of a sub-resource of the application resource
The attributes used for annotating semantic information are described in the following table. 

Table 7.1: Attributes for annotating semantic information

	Name
	Description

	semanticInfo
	This attribute contains the semantic description of the thing. This ontology shows what is the meaning of the thing.

	Relations
	This attribute is used to describe the relationships with other things. This attribute can have a pair format, i.e. <relation : link to other thing>.

For example, if a zibgee sensor is controlled by a Zigbee controller #1,  <m2m:controlledBy – URI to Zigbee controller #1> can be a way of expressing a relationship to Zigbee controller.  

	namespaceURIs
	This attribute is used to describe namespace URIs. This attribute contains the information about namespace prefix and the namespace URI. 

For example, the m2m namespace with the URI http://www.etsi-m2m.org can be expressed as follows: 

m2m=http://www.etsi-m2m.org/sensor#


Now semantic information of resources is stored in the ETSI M2M system. However, since legacy M2M systems do not support semantic queries, such as SPARQL, they need to provide a way to deliver semantic queries to the ETSI M2M system. For this purpose, the semantic M2M system should provide a capability to provide a unified access point of a semantic query to M2M applications. 

When a semantic query is arrived at the semantic engine, it parses the query and generates RESTful sub-queries. The engine then processes the RESTful queries and gets resources from SCLs. The returned resources are checked for semantic information.   

7.2.1.3
Semantic Mashups for Virtual Things
In the domain of Web Service, mashup is a method composing web data from more than one web resources to create a new service. Examples include metacrawlers that blends web search results from multiple search engines and news aggregators that aggregate integrated web contents in a single location. Similarly, the mashup technique can be used to create a new M2M resource in the M2M System. 

In the M2M System, a M2M application can publish “virtual things” that act similar to physical resources and provide new information such as: number of vehicles that passed during the last minute/hour, average speed of vehicles, etc. These “virtual things” can be searched and discovered in the M2M System same as other M2M resources. However, in contrast to the physical things, virtual things are only implemented as software and do not require a network connectivity. 

When a new virtual thing is registered (or published) to the M2M system, a list of member M2M resources is stored together as an attribute of the thing. If the virtual thing collects information dynamically at the time of receiving a query, a pre-programmed query that collects member resources is also stored along with other information.
Once a virtual thing is added to the NSCL, it is handled and processed the same as all other M2M resources. This means that virtual things are exposed to M2M applications to be discovered. An example of the semantic virtual mashup process is shown in the following Figure 7.3:


[image: image8]
Figure 7.3: Semantic virtual mashup procedure
· Step 1: M2M application sends a semantic query to the M2M system, for example, “Get the temperature of the room 1”.

· Step 2: semantic engine handles this like a normal semantic query so that sends a discovery request to the NSCL. 

· Step 3: the NSCL returns the URI of a virtual thing that provides the temperature of the room 1. 

· Step 4: semantic engine sends a request to the NSCL to retrieve the information of the virtual thing, i.e., service logic, mashup type (either static or dynamic) and pre-programmed queries. 

· Step 5: the NSCL returns the requested information. 

· Step 6: semantic engine instantiates the virtual thing. For a virtual thing that is frequently requested, it can be cached in semantic engine and handles the request directly. 

· Step 7:  the virtual thing at semantic engine collects required data from its member resources using the pre-programmed query. 

· Step 8: the NSCL returns the results from member resources

· Step 9: the virtual thing applies its service logic (e.g., calculating the average value) to the received data and calculates the results. 
7.2.2
Technology x
Editor’s Note: The section provides a potential technology.

7.3
Gap Analysis of Existing Semantics Relevant Technologies
Editor’s Note: The section lists all the requirements related to semantics in oneM2M and analyzes how the proposed architectures can fulfill the requirements and identifies potential gaps. The section also gives reference to the specification of the analysed technologies.
7.3.1
Semantics Related Requirements Gap Analysis Reference
Editor’s Note: The table below gives cross reference to the requirements and the technologies. The matrix represents whether or not the technology can fulfil the requirement. At the same time, in the following sections, detailed description of the depth of how well the technology can fulfil the requirement should be shown. 

	
	Technology 1
	Technology x
	

	DSR-XX1
	
	
	

	DSR-XX2
	
	
	

	
	
	
	


Table 2 Requirements fulfilment reference
7.3.2
Requirement 1

Editor’s Note: The section gives descriptions in depth how the technologies can fulfil each semantics related requirements defined in oneM2M. 

7.3.2.1
Technology 1

7.3.2.2
Technology x

7.4
oneM2M Architectural Considerations for Semantics
7.4.1
Introduction

This section analyzes whether utilisation of the analysed semantics technologies, to fulfil the oneM2M semantics related requirements, results in any architectural recommendations for, or potential constraints to, the oneM2M architectural design. This section also highlights any restrictions that the oneM2M arhctecture potentially places on utilisation of the analysed semantics technologies within oneM2M.
7.4.2
Technology 1

7.4.3
Technology x
7.5
Evaluation

Editor’s Note: The section evaluates the discussed architectural considerations for semantics. 
8
Conclusions
Editor’s Note: Based on the work in WG2, the chapter evaluates how the analyzed technologies can help the designing of the architecture in order to fulfill the requirements in oneM2M.
8.1
Conclusions for Abstraction
8.2
Conclusions for Semantics
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Figure 6.3 Linking an abstract resource to its native resource based on the ETSI M2M resource architecture
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Figure 6.� SEQ Figure \* ARABIC �4� Mapping of an abstract device to the ETSI M2M resource architecture using the subcontainers resource





subcontainers





<NetworkX_deviceY_appZ_abstract_container>





<abs_interfaceW_datafieldN>





contentInstances





<current_value>





<abs_interfaceW_methodM>





contentInstances





<actual_parameters>





Links to the Interface Data Fields, Methods and the native application





latest





latest





Last contentInstance of the container





<NetworkX_application>











containers











<deviceY_abstract_container>











Last contentInstance of the container





<Native_application1>�e.g. Zigbee_app1











subcontainers





contentInstances





latest





Last contentInstance of the container





<current_status>





 





<application>





k





containers





1





groups





1





accessRights





1





”attribute” (including semantic information)





1





subscriptions





1





notificationChannels





1





M2M


Application











Semantic Engine











NSCL











1. Semantic query (e.g., average temperature in room 1)
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6. Locate virtual thing in Semantic Engine
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