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1
Scope

The present document provides a simple use case for guiding application developers to develop applications using functionalities provided by a oneM2M service platform with the scope of as follows:

·  Objective of the use case,

·  The architecture of the use case mapped into a oneM2M service platform including semantic resources,

·  The semantic modelling of the devices and the information according to a suitable ontology
·  The execution procedures for implementation of the use case with a focus on the semantic aspects, and

·   Implementation details of the use case using RDF for representing semantic descriptions and SPARQL queries on the RDF descriptions to identify fitting resources in the semantic resource discovery.

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

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]
oneM2M Drafting Rules  (http://member.onem2m.org/Static_pages/Others/Rules_Pages/oneM2M-Drafting-Rules-V1_0.doc)
[i.2]

oneM2M TS-0011: "Common Terminology".

3
Definitions, symbols and abbreviations

3.1
Definitions

For the purposes of the present document, the terms and definitions given in oneM2M TS-0011 [i.2] and the following apply. 

NOTE:
A term defined in the present document takes precedence over the definition of the same term, if any, in oneM2M TS-0011 [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>

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 
Motivation
The assumption of most existing oneM2M applications is that they interact with other oneM2M applications through known resource structures. They either create the resources themselves or are configured to use specific resources. Information is typically stored in containers, as base64-encoded content instances, with the implicit assumption that applications have a-priori agreed on the syntax and semantics of this information. For the oneM2M system, a content instance is just a black box.
This approach works well for small-scale and relatively static settings. Whenever something changes, the configuration is updated by hand. In more dynamic settings, where the relevant resources frequently change, this becomes impractical. In this case, relevant resources need to be discovered. Since Release 1, discovery of resources based on specific attributes and the use of labels is possible. So, if a fixed set of labels can be agreed for this purpose – which can only be combined using a logical OR operation in a discovery request – this may provide a viable solution. 
However, the more heterogeneous and dynamic the scenario gets, the more problematic this approach becomes. There may be heterogeneous underlying technologies that provide their information according to a different syntax, e.g. ZigBee, ZWave, Wifi, etc., according to different units, e.g. Celsius, Fahrenheit or Kelvin, they may measure different things, e.g. indoor temperature, outdoor temperature,fridge temperature etc., and the quality of the measurement may differ.
Also, the idea is to support the re-use of the same information by multiple applications, e.g. in a smart city.  So applications may need to dynamically discover relevant resources according to multiple criteria at the same time – as sketched in the previous paragraph.
Using semantic annotations, all the different aspects can be described using RDF, a standardized semantic format. The vocabulary to be used for  this description can be defined according to an ontology. With semantic discovery, applications can describe in detail what information they need or can deal with. This is done by specifying a semantic filter using the SPARQL query language. The SPARQL filter is then matched against the respective semantic annotation of each resource within the discovery scope and if the filter fits, the resource is included in the result of the discovery request, otherwise it is not.
6
Use Case
This clause briefly describes the use case from the perspective of services being provided by the oneM2M platform. The physical device components are introduced in the current section.  
The described use case enables the semantic annotation and semantic discovery of resources provding temperature information.
An overview of the use case is shown in figure 6.1. The main components include: 

· The temperature sensors are connected to a server. 

· The server provides a set of services to enable the applications on smartphone #1 to discover and retrieve the relevant temperature information. 
· The server provides a set of services to enable the applications on smartphone #2 to manage and semantically annotate the services providing temperature information.

[image: image2.emf]Sensor#1

Indoor Temperature

Fahrenheit

Sensor#2

Outdoor Temperature

Celsius

Server

Smartphone #1

Sensor#3

Indoor Temperature

Celsius

Sensor#4

Fridge Temperature

Celsius

Smartphone #2


Figure 6.1: Overview of semantic annotation and discovery use case
7
Architecture
This clause describes the architecture of this use case with components represented by the oneM2M entity roles. 
In the oneM2M, two basic types of entities are defined. One is an AE (short for Application Entity) and the other is a CSE (short for Common Services Entity). Therefore, in this use case: 

· The sensors, and the smartphones each host an AE. The AE which resides in the Application Dedicated Node is  called ADN-AE. 
· An IN-CSE (short for Infrastructure Node CSE) is hosted on the server. 

For instance, the architecture is show in figure 7.1. 
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Figure 7.1: oneM2M functional architecture of semantic annotation and discovery use case

The oneM2M defined Mca reference point is used to interface an AE and CSE. Therefore, in this use case: 

· The reference point used between temperature sensor AEs and the IN-CSE or Smartphone AEs and IN-CSE is Mca. 

In summary, applications used in the current use case are classified as follows:

1 
ADN-AE-1: an application embedded in Sensor#1 with capabilities to monitor Sensor#1 and interact with the IN-CSE through the Mca reference point;

2 
ADN-AE-2: an application embedded in Sensor#2 with capabilities to monitor Sensor#2 and interact with the IN-CSE through Mca reference point;
3 
ADN-AE-3: an application embedded in Sensor#3 with capabilities to monitor Sensor#3 and interact with the IN-CSE through Mca reference point;
4 
ADN-AE-4: an application embedded in Sensor#4 with capabilities to monitor Sensor#4 and interact with the IN-CSE through Mca reference point;
5 
ADN-AE-5: a smartphone application embedded in the smartphone device with capabilities to interact directly with the oneM2M service platform IN-CSE through Mca reference point can discover and retrieve information related to Sensor#1, Sensor#2, Sensor#3 and Sensor#4.
6 
ADN-AE-6: a smartphone application embedded in the smartphone device with capabilities to interact directly with the oneM2M service platform IN-CSE through Mca reference point can manage and semantically annotate resources related to Sensor#1, Sensor#2, Sensor#3 and Sensor#4.
8
Semantic Modelling

The semantic modelling is typically based on an ontology that specifies classes and properties, i.e. the ontology defines the vocabulary to be used for the semantic description. In Figure 8-1, a simple ontology for the semantic annotation and discovery use case is visualized. The Table 8-1 shows the actual OWL ontology in an RDF representation.
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Figure 8-1: Simple ontology for the semantic annotation and discovery use case
Table 8-1: OWL/RDF representation of the simple ontology for the semantic annotation and discovery use case

	<?xml version="1.0"?>

<rdf:RDF xmlns="http://www.onem2m.org/ontology/temperature_example#"

     xml:base="http://www.onem2m.org/ontology/temperature_example"

     xmlns:rdf="http://www.w3.org/1999/02/22-rdf-syntax-ns#"

     xmlns:owl="http://www.w3.org/2002/07/owl#"

     xmlns:xml="http://www.w3.org/XML/1998/namespace"

     xmlns:xsd="http://www.w3.org/2001/XMLSchema#"

     xmlns:rdfs="http://www.w3.org/2000/01/rdf-schema#">

    <owl:Ontology rdf:about="http://www.onem2m.org/ontology/temperature_example"/>

    <!-- Classes -->

    <owl:Class rdf:about="http://www.onem2m.org/ontology/temperature_example#Fridge"/>

    <owl:Class rdf:about="http://www.onem2m.org/ontology/temperature_example#House"/>

    <owl:Class rdf:about="http://www.onem2m.org/ontology/temperature_example#TemperatureMeasuringFunction"/>

    <owl:Class rdf:about="http://www.onem2m.org/ontology/temperature_example#TemperatureProperty"/>

    <owl:Class rdf:about="http://www.onem2m.org/ontology/temperature_example#TemperatureSensor"/>    

    <!-- Object Properties -->

    <owl:ObjectProperty rdf:about="http://www.onem2m.org/ontology/temperature_example#hasFridgeTemperature">

        <rdfs:domain rdf:resource="http://www.onem2m.org/ontology/temperature_example#Fridge"/>

        <rdfs:range rdf:resource="http://www.onem2m.org/ontology/temperature_example#TemperatureProperty"/>

    </owl:ObjectProperty>

    <owl:ObjectProperty rdf:about="http://www.onem2m.org/ontology/temperature_example#hasIndoorTemperature">

        <rdfs:domain rdf:resource="http://www.onem2m.org/ontology/temperature_example#House"/>

        <rdfs:range rdf:resource="http://www.onem2m.org/ontology/temperature_example#TemperatureProperty"/>

    </owl:ObjectProperty>

    <owl:ObjectProperty rdf:about="http://www.onem2m.org/ontology/temperature_example#hasOutdoorTemperature">

        <rdfs:domain rdf:resource="http://www.onem2m.org/ontology/temperature_example#House"/>

        <rdfs:range rdf:resource="http://www.onem2m.org/ontology/temperature_example#TemperatureProperty"/>

    </owl:ObjectProperty>

    <owl:ObjectProperty rdf:about="http://www.onem2m.org/ontology/temperature_example#hasTemperatureMeasuringFunction">

        <rdfs:domain rdf:resource="http://www.onem2m.org/ontology/temperature_example#TemperatureSensor"/>

        <rdfs:range rdf:resource="http://www.onem2m.org/ontology/temperature_example#TemperatureMeasuringFunction"/>

    </owl:ObjectProperty>

    <owl:ObjectProperty rdf:about="http://www.onem2m.org/ontology/temperature_example#measuresTemperature">

        <rdfs:domain rdf:resource="http://www.onem2m.org/ontology/temperature_example#TemperatureMeasuringFunction"/>

        <rdfs:range rdf:resource="http://www.onem2m.org/ontology/temperature_example#TemperatureProperty"/>

    </owl:ObjectProperty>

    <!-- Data properties -->

    <owl:DatatypeProperty rdf:about="http://www.onem2m.org/ontology/temperature_example#hasDatatype">

        <rdfs:domain rdf:resource="http://www.onem2m.org/ontology/temperature_example#TemperatureProperty"/>

        <rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#string"/>

    </owl:DatatypeProperty>

    <owl:DatatypeProperty rdf:about="http://www.onem2m.org/ontology/temperature_example#hasUnit">

        <rdfs:domain rdf:resource="http://www.onem2m.org/ontology/temperature_example#TemperatureProperty"/>

        <rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#string"/>

    </owl:DatatypeProperty>

    <owl:DatatypeProperty rdf:about="http://www.onem2m.org/ontology/temperature_example#valueIsStoredIn">

        <rdfs:domain rdf:resource="http://www.onem2m.org/ontology/temperature_example#TemperatureProperty"/>

        <rdfs:range rdf:resource="http://www.w3.org/2001/XMLSchema#anyURI"/>

    </owl:DatatypeProperty>

</rdf:RDF>


In Annex A, it is shown how the simple ontology for the semantic annotation and discovery use case can be mapped to the oneM2M Base Ontology [ref] and thus be semantically integrated with the core concepts that have been identified for oneM2M itself. Such a mapping may be helpful to semantically relate to other parts of the oneM2M system, but is not required, i.e. depending on what is to be achieved, the above ontology can be used “stand-alone” as the basis for supporting semantic annotation and discovery in a particular use case as shown in this developer guide.
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Figure 8-2: Semantic description of the scenario according to the ontology
9
Procedures

<Text>

10

Implementation

<Text>
The following text is to be used when appropriate:

Proforma copyright release text block

This text box shall immediately follow after the heading of an element (i.e. clause or annex) containing a proforma or template which is intended to be copied by the user. Such an element shall always start on a new page.

Notwithstanding the provisions of the copyright clause related to the text of the present document, oneM2M grants that users of the present document may freely reproduce the <proformatype> proforma in this {clause|annex} so that it can be used for its intended purposes and may further publish the completed <proformatype>.

<PAGE BREAK>

Annexes

Each annex shall start on a new page (insert a page break between annexes A and B, annexes B and C, etc.).

Use the Heading 9 style for the title and the Normal style for the text.

Annex A:
Mapping to oneM2M Base Ontology
<Text>
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The annex entitled "Bibliography" is optional.

It shall contain a list of standards, books, articles, or other sources on a particular subject which are not mentioned in the document itself.
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Use the Heading 9 style for the title and B1+ or Normal for the text.

· <Publication>: "<Title>".
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<Publication>: "<Title>".
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