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Intellectual Property Rights

Essential patents

IPRs essential or potentially essential to normative deliverables may have been declared to ETSI. The declarations
pertaining to these essential IPRs, if any, are publicly available for ETSI members and non-members, and can be
found in ETSI SR 000 314: "Intellectual Property Rights (IPRs); Essential, or potentially Essential, IPRs notified to
ETS in respect of ETS standards’, which is available from the ETS| Secretariat. Latest updates are available on the
ETSI Web server (https:/ipr.etsi.org/).

Pursuant to the ETSI Directivesincluding the ETSI IPR Policy, no investigation regarding the essentiality of IPRS,
including I PR searches, has been carried out by ETSI. No guarantee can be given as to the existence of other IPRs not
referenced in ETSI SR 000 314 (or the updates on the ETS| Web server) which are, or may be, or may become,
essential to the present document.

Trademarks

The present document may include trademarks and/or tradenames which are asserted and/or registered by their owners.
ETSI claims no ownership of these except for any which are indicated as being the property of ETSI, and conveys no
right to use or reproduce any trademark and/or tradename. Mention of those trademarks in the present document does
not constitute an endorsement by ETSI of products, services or organizations associated with those trademarks.

DECT™, PLUGTESTS™, UMTS™ and the ETSI logo are trademarks of ETSI registered for the benefit of its
Members. 3GPP™ and LTE™ are trademarks of ETSI registered for the benefit of its Members and of the 3GPP
Organizational Partners. oneM 2M ™ |ogo is atrademark of ETSI registered for the benefit of its Members and of the
oneM2M Partners. GSM ® and the GSM logo are trademarks registered and owned by the GSM Association.

Foreword

This Technical Specification (TS) has been produced by ETSI Technical Committee Smart Machine-to-Machine
communications (SmartM2M).

Modal verbs terminology

In the present document “shall”, "shall not", "should", "should not", "may", "need not", "will", "will not", "can" and
"cannot" areto beinterpreted as described in clause 3.2 of the ETS| Drafting Rules (Verba forms for the expression of
provisions).

"must” and "must not" are NOT alowed in ETSI deliverables except when used in direct citation.
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1 Scope

The present document has the objective to provide guidelines for the usage of SAREF over oneM2M (aso including the
SDT interoperability) for vertical industry sectors.

The present document also provides a simple use case for guiding application developers to model physical devicesin
oneM2M and adding semantic annotations that will enable interoperability of devicesthat are modelled in oneM2M:

. Description of a physical device that isto be modelled in oneM2M.

. Description of methods that can be used to model the device using oneM2M resources and procedures.
e  The semantic annotation of the devices using the oneM2M base ontol ogy.

. The semantic queries that can be used to discover device capabilities and enable interoperability.

e  Thecall flowsfor implementation of the use case with a focus on the semantic aspects.

2 References

2.1 Normative 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.

Referenced documents which are not found to be publicly available in the expected location might be found at
https://docbox.etsi.org/Reference.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long-term validity.

The following referenced documents are necessary for the application of the present document.

Not Applicable.

2.2 Informative 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.

NOTE: While any hyperlinksincluded in this clause were valid at the time of publication, ETSI cannot guarantee
their long term validity.

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 118 112: "oneM2M; Base Ontology (oneM2M TS-0012)".

[i.2] ETSI TS 118 130: "oneM2M; Ontology based Interworking (oneM2M TS-0030)".
[i.3] ETSI TS 118 104: "oneM2M; Service Layer Core Protocol (oneM2M TS-0004)".
[i.4] onem2m-jupyter-notebooks.

NOTE: Available at https://github.com/ankraft/onem2m-jupyter-notebooks.

[i.5] ETSI TS 118 123: "oneM2M; Home Appliances Information Model and Mapping (oneM2M
TS-0023)".

ETSI
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3 Definition of terms, symbols and abbreviations
3.1 Terms

Void.

3.2 Symbols

Void.

3.3 Abbreviations

For the purposes of the present document, the following abbreviations apply:

AE Application Entity
API Application Programming Interface
CSE Common Service Entity
HTTP Hypertext Transfer Protocol
loT Internet Of Things
IPE Interworking Proxy Element
JSON JavaScript Object Notation
M2M Machine to Machine
NoDN Non-oneM2M Device Node
RDF Resource Description Framework
SAREF Smart Applications REFerence ontology
SDT Smart Device Template
SPARQL SPARQL Protocol and RDF Query Language
URI Uniform Resource Identifier
X-M2M-CTS  oneM2M HTTP protocol custom header for "Content Status®
X-M2M-RI oneM2M HTTP protocol custom header for "Request |dentifier"
X-M2M-RSC  oneM2M HTTP protocol custom header for " Response Status Code"
X-M2M-RVI oneM2M HTTP protocol custom header for "Release Version Indicator"”
XML eXtensible Markup Language
Motivation

The assumption of many 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, sometimes as base64-encoded content instances, with the implicit
assumption that applications have a-priori knowledge of the syntax and semantics of thisinformation.

Depending on a-priori knowledge of the structures and data works well for small-scale vertical deployments of 0T
devices. When the deployment evolves to include new devices, the existing applications change to reflect the new
additions. However, in larger systems of 10T devices where the 10T devices may be a part of alegacy deployment or
more than a single vertical solution, changesto al existing applications may become impractical. To enable growth and
diversity of 10T devicesin large heterogenous settings, applications need to be able to discover the structure and
meaning of data from devices and how to use the services of the devices. In oneM2M Release 1 support for discovery
of resources based on specific attribute values and the use of |abels was defined. The agreement of afixed set of labels
(using a-priori knowledge) can be aviable solution for small deployments.

ETSI
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Horizontal
Information Flow

Smart
Transportation

Smart
Infrastructure

Smart
Transportation

Service Layer

Smart
Emergency
Services

Use of label attributes and a-priori
knowledge may be sufficient for
application developers of small scale or
homogeneous deployments.

Use of semantic descriptions of devices
and data enable medium and large scale
deployments

Figure 1: Semantic understanding of device and data in 10T deployments

For medium or large deployments of heterogeneous I0T devices a more expressive approach for describing and
discovering |oT devicesis provided by oneM2M. Each type of device in a heterogeneous deployment can model
services and datain the oneM2M Service Layer using different structures and syntax of data. For example, temperature
sensors may report measurements using different units such as Celsius, Fahrenheit and Kelvin. Additionally, those 10T
devices may measure different aspects, such asindoor temperature, outdoor temperature, refrigerator temperature, etc.
and the representation of the measurement may differ as well.

ATeator Problems to solve:
SEMANTIC * Is a [the same] meaning (e.g. °C) assigned to the data?
* Additional context (e.g. temperature of kitchen) to the data?

interoperability

. Data Device Description
meaning-/\ e
fulness Room: bed- Measures indoor WV RI I
Thing Type roomA, indoor- temperature Temperature
temperature of bedroomA Sensor
Temperature Measures a Manufacturer
Physical Type 20,5°C temperature Energy
in Celsius Management
Returns a
bata Type float value
Raw Data
Area of Probl ; |
SYNTACTIC roblems to solve: ‘
T T * Does the receiver get the same data the sender has sent?
interoperability

* Do communicating entities use the same data format?

Figure 2: Meaningfulness of data from loT devices

With semantic annotationsin oneM2M, all the different aspects of 10T devices can be described using RDF triples,
which is a standard semantic format. The vocabulary used for a semantic description can be defined according to an
ontology such as SAREF. With semantic discovery, applications can describe precisely what information they need or
can deal with. Thisis powered by specifying a semantic filter using the SPARQL query language. The SPARQL filter is
matched against the respective semantic annotations of each resource within the discovery scope. Thisfeaturein
oneM2M helps applications to properly handle the data from the 10T devices.

Besides differencesin the data from an 10T devicein oneM2M the information model of devices can be modelled ina
variety of ways. Aswith most 10T platforms, oneM2M supports custom information models that are defined for a
specific use case and work well in small scale or single vertical scenarios. Another method that oneM2M defines to
model devicesis based on the semantic description of a device that is mapped to a resource structure (see ETS

TS 118 130[i.2]). A third approach to modelling devicesin oneM2M is the use of Smart Device Templates (see ETSI
TS 118 123[i.5]).

ETSI
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With all these options available to model a device the ability to have a-priori knowledge of a device model becomes less
likely as1oT deployments scale beyond small vertical use cases. The oneM2M Base Ontol ogy addresses this and
enables devel opers of these different models to make them interoperable if the appropriate semantic annotations are
made and semantic filtering is used to discover the appropriate APl for amodel. The focus of the remainder of this
developer guide isto demonstrate this process.

5 System Description

51 Use case

The example scenario describes a clothes-washing machine and an application to monitor and control the [oT enabled
product. This clause will show three different oneM2M resource tree models of the clothes washing machine and the
call flows to create those models. Thelogic and call flows necessary for a client application to control and monitor the
status of the clothes-washing machine is also described. In the next clause the washing machine capabilities are
described using the SAREF ontology so that the client application can discover the washing machines. Additionally, the
oneM2M Base Ontology describes how to use the device and commands that these clothes washing machines offer so
that the client application can control any of them without regard to which resource tree model represents them.

This simplified clothes-washing machine has enough features to demonstrate the difference between the different
modelling approaches supported in oneM2M. The concepts shown here can be applied to afull featured clothes-
washing machine or any other 10T enabled device for that matter. The features and capabilities that are modelled are:

. The washing machine has been produced by manufacturer XY Z.
. XY Z describes this type of washing machineas"Very cool Washi ng Machi ne".
. The model of the type of washing machineis XY Z_Cool.

e  The state of the washing machine can take the values "WASHING" or "STOPPED" or "ERROR".

]
>
i
Mobile

XYZ Washing oneM2M Application
Machine CSE

Figure 3: Functional Architecture for Smart Clothes Washing Machine

. The washing machine supports three commands. ON, OFF, Toggle.

e  Thewashing machineisin My_Bathroom.

The clothes-washing machine is modelled as anon-oneM2M device (NoDN) for al three models. However, everything
in this guide applies equally if these were modelled as native oneM2M devices. Thereis no difference in the model or
the call flows for everything to the right of the Interworking Proxy Element (1PE) shown in the figure below. Figure 4
shows a generic set of oneM2M call flows for the clothes washing machine (and the IPE) and the client application
communicating through the oneM2M CSE. The level of detail provided here appliesto al the different modelling
approaches for the clothes washing machine. Differencesin the call flows that are dependent on the model used, shown
in blue shading, are further detailed where the specific model s are described.

ETSI
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Washing Machine Model oneM2M in the Cloud

«ACME= =web pages
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)
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L T N )

' 1 3 create information model resources
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[} T T

Registration of Web Application in oneM2M

! 4 register AE !

I-‘

Discover washing machines clause 8.1/

i, 3 discover washing machine

[l

.. 6 Ratrieve washing machine resources

(e

7 create <subscription> to resources
_ * that the washing machine updates

i

| Steady State operation of Washing Machine and Application I

' | [
loop . [Interrupt] 1
I washing machine status changes %

i
'g Update the model resource(s)

with the current state

9 sand notification of status change o
Lol |

update displayed
in application

1
T
1
i
1
1
i
1
i
!
i
i
1
i
1
i
1
1
1
]

User sends command for washingmachine ./

! _ 10 send command to washing machine
s

generate notification

|
1
: for washing machine

i L L
|u|::|:| /JI [timerInterrupt - poll for notifications] 1
i i i

[ 1 12 Poll for notifications i

L >
i i

alt ! [notifications presdnt]

| send command to washing machine Iﬁ

Figure 4: Generic oneM2M Call Flows

The messages shown in Figure 4 are further described here:

1. Register the AE/IPE: InoneM2M an IPE is atype of AE that isintended to communicate with NoDNs. The
IPE isresponsible for registering itself and creating the appropriate resourcesin aoneM2M CSE to model the
NoDN asif it were aoneM2M device. The result isthat a washing machine that is native oneM2M and a
washing machine that is non-oneM2M can be modelled the same way and the client applications cannot tell
the difference.
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Create Polling Channel: A <pollingChannel> resource is used by applications or devices that are not reachable
from the CSE that need to receive notification requests. This happens when, for example, the deviceisina
home with afirewall that prevents direct requests to the device from outside the local network in the home. (It
isalso appropriate for 10T devices that communicate using cellular networks.)

Create Information Model: The IPE creates all the resources needed to provide the status and enable control of
the clothes washing machines. These messages (in aimost all cases multiple resources are used) will be
described with the details relevant to the specific model in later sub-clauses. Thisincludes creating
subscriptions to the resources that are used to enable the application to control the clothes washing machines.

Register Client application AE: Client applications are also modelled as <AE> resources and register in the
oneM2M CSE.

Discover Washing Machine: An application designed to control the clothes washing machines produced by
manufacturer XY Z will be able to discover them using a-priori knowledge of labels that are used to identify
those washing machines. Later it has been shown how using the semantics capabilities of oneM2M and the
SAREF ontology the same application can discover and control clothes washing machines from any
manufacturer.

Retrieve clothes washing machine resources: The client application generally has a user interface to show the
status and allow control of the clothes washing machine. The client application will retrieve the specific
resources that it needs to provide that capability. The application may have more features than a given washing
machine model supports or, similarly the clothes washing machine model may expose more features than the
client application needs. This step will use SPARQL queries to dynamically determine what resources are
needed by the client application.

Subscribe to resources: The client application is made aware of changes in the state of a clothes washing
machine by receiving notifications of the changes. The client application first subscribes to the resources that
contain information that it needs.

Update the model resources. When the state of the clothes washing machine changes, the change in state will
be reflected in the oneM2M CSE.

Notification of state changes: When resources in the oneM2M CSE are created or updated the CSE will send
notifications to applications that are subscribed to the resources. A client application that receives a
notification can present this information to users or take some other actions.

Send commands to clothes washing machine: The client application exposes to a user features or capabilities
of the clothes washing machine. The client application sends the appropriate oneM2M primitives, based on the
model, to use those features or capabilities.

Generate notification for clothes washing machine: When the client application sends aoneM2M primitive to
aresource that controls the clothes washing machine, a notification is generated (assuming notifications were
created). In our scenario, since the clothes washing machine and the | PE are behind afirewall and therefore
not reachable, the notification for the | PE are stored in the CSE and made available to the | PE viathe long
polling process.

Poll for natifications. Because the IPE cannot receive notifications directly, it shall use the long polling
procedure to retrieve its notifications from the CSE. The IPE processes notifications by sending commands to
the clothes washing machine using the API of the clothes washing machine.

Custom Model

Using oneM2M to represent devices allows for unlimited flexibility. A device model can be customized to support the
needs of the manufacturer or system architecture. The resource tree structure shown here represents a custom model that
has a single container for reading the status of the washing machine and a separate container to set or command the
washing machine.

ETSI
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Figure 5: Custom washing machine model
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Figure 6: Custom Model oneM2M Call Flows
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Only the messages highlighted in light blue are described here as the rest of the messages are the same asin the genera
call flow described in clause 5.1.

Create Information Model (Figure 6): The IPE creates all the resources needed to for the clothes washing machine that
it knows how to model a priori. ThisIPE is developed with awareness of the clothes washing machine interface and the
model that it is creating in the oneM2M CSE.

A <container> resource is created for the Status information of the clothes washing machine. The IPE creates
<contentl nstance> resources that have the following content when there are any changes in the status of the
clothes washing machine:

"Washi ngMachi neStatus ": "WASH NG', // O "STOPPED', "ERROR'
}

A <container> resource is created for the command and control of the clothes washing machine. When the
client application is setting the state of the device the following payload can be provided in a
<contentl nstance> resource:

{
}

A <subscription> resource is created as a child of the command <container> resource by the IPE. This will
cause a notification to be sent to the |PE when a new command is made by an application.

"state": "ON', // O "OFF', "Toggle"

5.3 Semantic Modelling

A SAREF description of the washing machine is mapped to the resource structure shown in Figure 7 using the rules
described in ETSI TS118 130i.2] and ETSI TS 118 112 [i.1]. A complete derivation of this example is shownin ETSI
TS118112[i.1], clause B.1.3.3.

The description of our (simplified) washing machine using SAREF ontology is expanded upon here:

e  The dtate of the washing machine is given by SAREF:state: WashingM achineStatus that can take the values
"WASHING" or "STOPPED" or "ERROR".

. The washing machine has an actuating function: StartStopFunction which has three commands:
- ON_Command
- OFF_Command
- Toggle Command

e  Thewashing machine has also a metering function: M onitoringFunction that setsthe
WashingM achineStatus.

e  Thewashing machineislocated at My_Bathr oom.

Later it is shown that the description here has triples that are intended to help define the resource tree structure
according to the rules described in ETSI TS 118 130[i.2] and ETSI TS 118 112 [i.1]. However, when the description of
the clothes-washing machine is put into a <semanticdescriptor> some are removed because they do not offer
information useful for SPARQL queries.
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@refix rdf: <http://ww. w3. or g/ 1999/ 02/ 22- r df - synt ax- ns#> .
@refix rdfs: <http://ww. w3. or g/ 2000/ 01/ r df - schena#> .

@refix oneMM <http://ww. onen2m or g/ ont ol ogy/ Base_Ont ol ogy/ > .
@refix saref: <https://saref.etsi.org/core/> .

@refix s4bldg: <https://saref.etsi.org/saref4bldg/> .

@refix sn: <http://ww. XYZ. conf WAshi ngMachi nes/ Seri al Nunbers/ > .

sn: WASH_XYZ
a <http://ww. XYZ. con Washi ngMachi nes#XYZ_Cool > ;
rdf s: comrent "Very cool Washing Machi ne"
sar ef : hasFuncti on sn: WASH_XYZ- Moni t ori ngFunction , sn: WASH _XYZ- St art St opFuncti on ;
sar ef : hasManuf acturer "XYzZ" ;
sar ef: hasServi ce sn: WASH_XYZ- Moni t or Servi ce , sn: WASH_XYZ- Swi t chOnServi ce ;
saref: hasState sn: WASH_XYZ- Washi ngMachi neSt at us ;

s4bl dg: i sCont ai nedl n sn: My_Bat hr oom .

sn: WASH_XYZ- St art St opFunct i on- OFF_Conmand a saref: O f Command .

sn: WASH_XYZ- St art St opFuncti on- Toggl e_Comrand a sar ef : Toggl eCommand .

sn: WASH_XYZ- St art St opFunct i on- ON_Conmand a sar ef : OnConmand .
sn: WASH_XYZ- Moni t ori ngFuncti on a sar ef : Sensi ngFunction ;

sar ef: hasCommand sn: WASH_XYZ- Moni t or i ngFunct i on- WAshi ngMachi neSt at us .

sn: WASH_XYZ- St art St opFuncti on a saref: Actuati ngFunction ;

sar ef : hasCommand sn: WASH_XYZ- St art St opFuncti on- Toggl e_Comand ,
sn: WASH_XYZ- St art St opFuncti on- OFF_Command ,
sn: WASH XYZ- St art St opFuncti on- ON_Commrand .

My-WashingMachine

SwitchOnService

Binarylnput

semanticDescriptor

ToggleBinary

MonitorService

WashingMachineStatus

semanticDescriptor -I
!

Figure 7. SAREF Washing Machine Model

The procedure defined in ETSI TS 118 112 [i.1] requires the | PE to parse the semantic description to generate a total of
three custom <flexContainer> definitions to support the structure shown in Figure 7. The schemas generated are added
as the content of a <contentlnstance> resource under a container for these custom definitions. The locations of these
schemas are referenced in the container definition attribute of the respective <flexContainer>:

two <flexContainer> child-resources for Services and their <semanticDescriptor>s are used for modelling the
services SwitchOnService and MonitorService;
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the SwitchOnService in turn has a child resource of type <flexContainer> for Operations which exposes the
Toggle_ Command,;

one customAttribute of the SwitchOnService <flexContainer> is used for holding the values for
InputDataPoint: Binarylnput;

one customAttribute of the MonitorService <flexContainer> is used for holding the values for
OutputDataPoint: WashingM achineStatus.

Washing Machine Model oneM2M in the Cloud

A TP Ew =weh pages

Washing Machina X¥Z | | IFE ‘ IN CSE Client &pp
T T

I Registration of Washing Machine in oneM2M

1 ragister AE [ IPE

' 2c
1 I
Connect to washing machine Il]
. |
create washing machine  / [saref model clause 6.3]

i 2.1 crezte <flexContainers for MonitarServics

ate pollingChannel for notifications

Y

P
F o
i
(]

| 3.2 create <flexContainers for SwitchOnService

Y

i 3.3 create =<flexContainer> for Teggle_Command

| 3.4 create <subscription® to Toggle_Command
T

L J

Y

| 3.5 create <suhscription> to SwitchOnService

Registration of Web Application in oneM2M }

4 register AE !

Discover washing machines clause 8.1/
1, 5 discover washing machine
b
1. 6 Retrieve washing machine resources
b
5 create <subscription> to resources
i " that the washing machine updates

]

I| Steady State operation of Washing Machine and Application }

- ] |
oo [nterrupt] |

| washing machine status changes D1
1

Update the model resource(s)
with the current state

I A —

9 send notification of status change

update displayed
in application

i
i
T
1
1
1
1
1
1
|
1
i
i
|
-

User sends command for washingmachine )/
10 send command to washing machine

-
| 11 generate notification
' r washing machine

loo + [timerInterrupt - poll for notifications]
i i
' 1 12 Poll for notifications
i >
i |
alt | [notifications presént]

| send command to washing machine %

Figure 8: SAREF Model oneM2M Call Flows
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Only the messages highlighted in light blue are described here as the rest of the messages are the same asin the genera
call flow described in clause 5.1.

Create Information Model (Figure 8): The IPE creates all the resources needed to for the clothes washing machine that
it generates from parsing the semantic description. This IPE is developed with awareness of the clothes washing
machine interface but without awareness of the model that it is creating in the oneM2M CSE. Thisrequires extralogic
to parse the RDF triples to generate custom container definitions, which is not included in this example as only the
output of the parsing processis shown.

A <flexContainer> resource is created for the MonitorService with a single custom attribute
washingMachineStatus. The I PE updates this resource with the following content when there are any changes
in the status of the clothes washing machine;

"Washi ngMachi neStatus ": "WASH NG', // O "STOPPED', "ERROR'
}

A <flexcontainer> resource is created for the SwitchOnService that allows command and control of the clothes
washing machine. The client application sets the state of the device by updating the resource with the
following payload:

{
}

A <flexcontainer> resource is created for the Toggle command as a child of the SwitchOnService. This action is used to
change the current state of the clothes washing machine. The client application toggles the state of the device by
sending an update request to the resource with an empty payload.

"Binarylnput": False, // O True

A <subscription> resource is created as a child of the Toggle command <flexContainer> resource by the IPE. This will
cause a notification to be sent to the IPE when a new command is made by an application.

A <subscription> resource is created as a child of the SwitchOnService <flexContainer> resource by the IPE. This will
cause a notification to be sent to the I|PE when a new command is made by an application

54 Smart Device Modelling

ETSI TS 118 123 [i.5] defines a framework for devel oping common standardized models of devices. There are multiple
device specific domains defined and new models and domains are added in each release of oneM2M. The Home
Domain contains a deviceClothesWasher model that aligns with the device that has been modeled. The resource tree
structure of the deviceClothesWasher is shown in Figure 9. There are many more potential services exposed in this
model than our example simplified washing machine provides. The elementsin bold are required for acompliant SDT
model. Servicesin the model that are not supported by our simple clothes-washing machine are not implemented unless
they are required. It should be noted that using an SDT model is the only model that can be certified by a certification
authority.
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—i binarySwitch

12037] e

i
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runState

currentMachineState

moachineStates
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semanticDescriptor I

clo‘tke_sk/ashe{ﬂ' obMode. |

currentTobMode

currentTobModeName.

JobModes

clothesWasherd o(:Moo(eOP‘tion|

steamTreat

extraRinse

timer

referenceTimer
targetTimeToStart

TargetTimeToStop

estimatedTimeToEnd

targetDuration

absoluteStartTime

absol uteStopTime

|

deactivateClockTimer |

—
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Figure 9: SDT washing machine model

When using a SDT model from ETSI TS 118 123[i.5] to represent a physical deviceit is necessary to map the
functionality of the device to be modelled with the existing modules defined for the SDT device.

Table

1

Meta-Data

Device Value

SDT modelling

Manufacturer

XYZ

The SDT model captures this information in a
dmbDevicelnfo ModuleClass

Manufacturer description

"Very cool Washing Machine"

The SDT model captures this information in a
dmbDevicelnfo ModuleClass

Model Type

XYZ_Cool

The SDT model captures this information in a
dmDevicelnfo ModuleClass
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Meta-Data Device Value SDT modelling
Supported Commands ON The SDT model enables the ON and OFF commands
OFF using the state attribute of the binarySwitch
Toggle ModuleClass. The Toggle command is supported by the
toggle ActionModule
State "WASHING" The SDT model offers runState ModuleClass which
"STOPPED" supports more enumerations than indicated by our
"ERROR" product
Location My_Bathroom The SDT model does not have an attribute specifically
for Location
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]
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Figure 10: SDT model oneM2M Call Flows
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Only the messages highlighted in light blue are described here as the rest of the messages are the same asin the genera
call flow described in clause 5.1.

Create Information Model (Figure 10): The IPE creates all the resources needed to for the clothes washing machine that
it knows how to model apriori using SDT. ThisIPE is devel oped with awareness of the clothes washing machine
interface and the model that it is creating in the oneM2M CSE.

A <flexContainer> resource is created for the runState with the custom attribute currentM achineState and
MachineStates. The IPE updates this resource with the following content when there are any changesin the
status of the clothes washing machine;

{
}

A <flexcontainer> resource is created for the binarySwitch module that allows command and control of the
clothes washing machine. The client application sets the state of the device by updating the resource with the
following payload:

{
}

A <flexcontainer> resource is created for the Toggle command as a child of the binarySwitch. Thisactionis
used to change the current state of the clothes washing machine. The client application toggles the state of the
device by sending an update request to the resource with an empty payload.

"Current MachineState ": 3, // O [1,3,5,6]

"state": false, // O true

A <flexcontainer> resource is created for the clotheswWasherJobM ode with custom attributes currentJobM ode
and jobModes. This resource is mandatory for the deviceClothesWasher SDT model, but the IPE will set the
states and never modify them.

A <subscription> resource is created as a child of the toggle <flexContainer> resource by the IPE. This will
cause a notification to be sent to the IPE when a new command is made by an application.

A <subscription> resource is created as a child of the binarySwitch command <flexContainer> resource by the
IPE. Thiswill cause a notification to be sent to the |PE when a new command is made by an application.

6 Semantic Annotation in oneM2M

6.1 Semantic description of services using SAREF Ontology

The Smart Applications REFerence ontology (SAREF) isintended to enable interoperability between solutions from
different providers and among various activity sectorsin the Internet of Things (1oT), thus contributing to the
development of the global digital market. SAREF explicitly specifies the recurring core concepts in the Smart
Applications domain, the main relationships between these concepts, and axioms to constrain the usage of these
concepts and relationships. SAREF is based on the fundamental principles of reuse and alignment of concepts and
relationships that are defined in existing assets, modularity to allow separation and recombination of different parts of
the ontology depending on specific needs, extensibility to allow further growth of the ontology, and maintainability to
facilitate the process of identifying and correcting defects, accommodate new requirements, and cope with changesin
(parts of) SAREF.

SAREF ontology has been used to describe the services of the washing machine and the oneM2M Base Ontology to
describe the oneM2M interface for the services.

The services of any clothes washing machine are fundamentally the same regardless of which model is used. Especialy
in this case where the same clothes washing machine is described. The following RDF triples describe the services and
functions of our clothes washing machine.
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@refix saref: <https://saref.etsi.org/corel/>.

@refix s4bldg: <https://saref.etsi.org/saref4bldg/>.

@refix xsd: <http://ww. w3. org/ 2001/ XM_Schema#>.

@refix rdfs: <http://ww. w3. org/ 2000/ 01/ r df - schema#>.

@refix sn: <http://ww. XYZ. conl Washi ngMachi nes#XYZ_Cool / >.

@refix mm <https://git.onen2m or g/ MAS/ BaseOnt ol ogy/ r aw mast er/ base_ont ol ogy. ow #>.

sn: WASH XYZ_RESOURCE | D a <http://ww. XYZ. coml Washi ngMachi nes#XYZ_Cool >;
rdf s: comrent "Very cool Washi ng Machi ne";
sar ef : hasFuncti on sn: WASH_XYZ- Moni t ori ngFuncti on, sn: WASH_XYZ- St art St opFuncti on;
saref : hasManuf acturer "XYZ";

sar ef : hasServi ce sn: WASH_XYZ- Moni t or Servi ce , sn: WASH_XYZ- Swi t chOnSer vi ce;
saref: hasState sn: WASH_XYZ- Washi ngMachi neSt at us;

s4bl dg: i sCont ai nedl n sn: My_Bat hr oom ;

m2m oneM2Mrar get URI "RESOURCE_|I D';

m2m hasQper ati on sn: WASH_XYZ- Swi t chOnSer vi ce_ RESOURCE | D,

sn: WASH_XYZ- St art St opFunct i on- ON_Conmand_RESOURCE_| D,

sn: WASH_XYZ- St art St opFunct i on- OFF_Conmand_RESOURCE_| D,

sn: WASH_XYZ- St art St opFunct i on- TOGGLE_Command_RESOURCE_| D,

sn: WASH_XYZ- Moni t ori ngFuncti on- Washi ngMachi neSt at us_ RESOURCE | D.

These triples will be placed into a <semanticDescription> resource in each of the models.

NOTE: Thesetriples have atoken"RESOURCE_ID" in several placesthat will be replaced at execution time

6.2

6.2.1

with aresource identifier or resource address related to the parent of this particular <semanticDescriptor>.

Describing oneM2M APIs with the oneM2M Base Ontology

Clothes Washing Machine APIs using oneM2M

Because the resource tree structure for each of the modelsis different the oneM2M primitives needed to access the
services of the clothes washing machine will also be different. However, the goal for interworking device modelsisto
allow auser to issue the same command to perform an operation regardless of which model is used. This can be
approximated in a dynamic manner using the oneM 2M base ontology to describe each of the services offered by the
device and the resources that provide access to those services. For example, the washing machine that has been
described offers the following operations.

1)
2)
3)
4)

TURN ON WASHING MACHINE

TURN OFF WASHING MACHINE

TOGGLE THE WASHING MACHINE STATUS
GET STATUS OF WASHING MACHINE

The oneM2M primitives to execute these operations are dependent on the resource tree structure used to model the
washing machine. For example, to determine the status of the washing machine for each model the following oneM2M
requests and responses are used.

Table 2
Model Request Response
SDT RETRIEVE { " currentMachineState ": 3
/cseBaseName/IPE_ROOT/deviceclothesWashe "machineStates": [1,3,5,6]
r/runState "currentJobState": 6
"jobStates":[2,3,4,5,6]
"progressPercentage™:95.0
}
SAREF RETRIEVE /cseBaseName/IPE_ROOT/My- { "WashingMachineStatus":"WASHING"
WashingMachine/sarefWashingMachine/Monitor |}
Service
Custom RETRIEVE { "WashingMachineStatus":"WASHING"
/cseBaseName/IPE_ROOT/myWashingMachine/ |}
Status/la
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Similarly, to command the washing machine to STOP the following oneM2M primitives are sent.

Table 3
Model Request
SDT UPDATE /cseBaseName/IPE_ROOT/deviceClothesWasher/binarySwitch

{"state": false }

SAREF UPDATE /cseBaseName/IPE_ROOT/My-WashingMachine/SwitchOnService
{"Binarylnput": false}

Custom CREATE /cseBaseName/IPE_ROOT/myWashingMachine/Command
{"OFF"}

6.2.2 Custom Model API semantic description

The specific primitive requests defined in clause 6.2.1 are described in RDF triples using the oneM2M base ontology.
The properties of interest in the oneM2M base ontology are:

. m2m:oneM 2M TargetURI
. m2m:hasDataRestriction
. m2m;oneM 2M method

. m2m:oneM 2M attribute

@refix saref: <https://saref.etsi.org/core/>.

@refix s4bldg: <https://saref.etsi.org/saref4bl dg/>.

@refix xsd: <http://ww. w3. org/ 2001/ XM_Schema#>.

@refix rdfs: <http://ww. w3. org/ 2000/ 01/ r df - schema#>.

@refix sn: <http://ww. XYZ. conl Washi ngMachi nes#XYZ_Cool / >.

@refix mm <https://git.onen2m or g/ MAS/ BaseOnt ol ogy/ r aw mast er/ base_ont ol ogy. ow #>.

sn: WASH_XYZ- St art St opFuncti on- ON_Commrand_RESOURCE | D a nm2m QOper ati on,
<https://saref.etsi.org/core/ OnComand>;

m2m oneM2Mrar get URI "/ myWashi ngMachi ne/ command" ;

n2m hasDat aRestriction "ON';

n2m oneM2Mret hod " CREATE".

sn: WASH_XYZ- St art St opFunct i on- OFF_Conmand_RESOURCE_| D a n2m Oper ati on,
<https://saref.etsi.org/core/ O fComrand>;
nm2m oneM2Mrar get URI "/ myWashi ngMachi ne/ command" ;
n2m hasDat aRestriction "OFF";
m2m oneM2Mhet hod " CREATE".

sn: WASH_XYZ- St art St opFuncti on- TOGGLE_Comrand_RESOURCE | D a n2m Operati on,
<https://saref.etsi.org/core/ Toggl eComrand>;

m2m oneM2Mrar get URI "/ myWashi ngMachi ne/ command" ;

m2m hasDat aRestriction "TOGGE";

nm2m oneM2Mret hod " CREATE".

sn: WASH_XYZ- Moni t ori ngFunct i on- Washi ngMachi neSt at us_RESOURCE_I D a n2m Oper ati on,
<https://saref.etsi.org/core/ Get Command>;

nm2m oneM2Mrar get URI "/ myWashi ngMachi ne/ st at us";

n2m oneM2Mret hod " RETRI EVE".

6.2.3 Semantic Model annotation

The specific primitive requests described in clause 6.2.1 are described in RDF triples using the oneM2M base ontology.
The classes of interest in the oneM2M base ontology are:

. m2m:oneM2M TargetURI
. m2m:hasDataRestriction
° m2m:oneM 2MMethod

. m2m:oneM 2M attribute
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@refix saref: <https://saref.etsi.org/corel/>.

@refix s4bldg: <https://saref.etsi.org/saref4bldg/>.

@refix xsd: <http://ww. w3. org/ 2001/ XM_Schema#>.

@refix rdfs: <http://ww. w3. org/ 2000/ 01/ r df - schema#>.

@refix sn: <http://ww. XYZ. conl Washi ngMachi nes#XYZ_Cool / >.

@refix mm <https://git.onen2m or g/ MAS/ BaseOnt ol ogy/ r aw mast er/ base_ont ol ogy. ow #>.

sn: WASH_XYZ- St art St opFuncti on- ON_Commrand_RESOURCE | D a nm2m QOper ati on,
<https://saref.etsi.org/core/ OnComand>;

m2m oneM2Mrar get URI "/ My- Washi ngMachi ne/ Swi t chOnSer vi ce";

n2m oneM2Mattri bute "Binarylnput”;

n2m oneM2Mvet hod " UPDATE" ;

m2m hasDat aRestriction "true".

sn: WASH_XYZ- St art St opFuncti on- OFF_Commrand_RESOURCE | D a n2m Qper ati on,
<https://saref.etsi.org/core/ O fComand>;

m2m oneM2Mrar get URI "/ My- Washi ngMachi ne/ Swi t chOnSer vi ce";

m2m oneM2Mattribute "Binarylnput";

nm2m oneM2Mvet hod " UPDATE";

n2m hasDat aRestriction "false".

sn: WASH_XYZ- Moni t ori ngFunct i on- Washi ngMachi neSt at us_RESOURCE_I D a nm2m Oper ati on,
<https://saref.etsi.org/core/ Get Cormand>;

m2m oneM2Mrar get URI "/ My- Washi ngMachi ne/ sar ef Washi ngMachi ne";

n2m oneM2Mvet hod "RETRI EVE";

nm2m oneM2Mattribute "WAshi ngMachi neStatus”.

6.2.4 SDT model annotation

The specific primitive requests described in clause 6.2.1 are described in RDF triples using the oneM2M base ontology.
The classes of interest in the oneM2M base ontology are:

. m2m:oneM 2M TargetURI
. m2m:hasDataRestriction
. m2m;oneM 2MMethod

. m2m:oneM 2M attribute

@refix saref: <https://saref.etsi.org/corel/>.

@refix s4bldg: <https://saref.etsi.org/saref4bl dg/>.

@refix xsd: <http://ww. w3. org/ 2001/ XM_Schema#>.

@refix rdfs: <http://ww. w3. org/ 2000/ 01/ r df - schema#>.

@refix sn: <http://ww. XYZ. conl Washi ngMachi nes#XYZ_Cool / >.

@refix n2m <https://git.onen2m or g/ MAS/ BaseOnt ol ogy/ r aw mast er/ base_ont ol ogy. ow #>.

sn: WASH_XYZ- St art St opFuncti on- ON_Conmand a n2m Operati on,
<https://saref.etsi.org/core/ OnComand>;
m2m oneM2Mrar get URI "/ devi ceC ot hesWasher/ bi narySwi t ch";
n2m oneM2Mattri bute "powerState";
n2m hasDat aRestriction "true";
nm2m oneM2Mvet hod " UPDATE".

sn: WASH_XYZ- St art St opFuncti on- OFF_Conmmand a n2m Qper ati on,
<https://saref.etsi.org/core/ O fComand>;
m2m oneM2Mrar get URI "/ devi ceC ot hesWasher/ bi narySwi t ch";
m2m oneM2Mattribute "powerState";
n2m hasDat aRestriction "fal se";
nm2m oneM2Mvet hod " UPDATE".

sn: WASH_XYZ- St art St opFuncti on- TOGGLE_Comand a n2m Cperati on,
<https://saref.etsi.org/core/ Toggl eComrand>;
m2m oneM2Mrar get URI "/ devi ced ot hesWasher/ bi narySwi t ch/ t oggl e";
m2m oneM2Mvet hod " UPDATE".

sn: WASH_XYZ- Moni t ori ngFunct i on- Washi ngMachi neSt atus a n2m Qperati on;
m2m oneM2Mrar get URI "/ devi ced ot hesWasher/runSt at e";
nm2m oneM2Mat tri bute “current Machi neState";
nm2m oneM2Mvet hod " RETRI EVE".
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7 Semantic Queries

7.1 Foreword

This clause describes the semantic queries and how the responses can be used to achieve interoperability. Generally,
these queries are executed by an application that is designed to use the 0T devices.

7.2 Discovery Queries

By using the oneM2M Base Ontology in the <semanticDescriptor> resources it is possible to send queriesto the
oneM2M CSE to find the services offered by a device and further query those servicesto discover the oneM2M
primitives to access those services.

Hereisalist of queriesthat usable for all three of the models:

Query 1: Find all washing machines of manufacturer XY Z.

PREFI X sn: <http://ww. XYZ. com Washi ngMachi nes#XYZ_Cool / >
PREFI X n2m <https://git.onen2m or g/ MAS/ BaseOnt ol ogy/ r aw nast er / base_ont ol ogy. owl #>
PREFI X saref: <https://saref.etsi.org/core/>

SELECT  ?res ?wm where {
?wm a sn: XYZ_Cool
?wm n2m oneM2Mrar get URI  ?res

Thislists 3 washing machines.

Table 4

res wm
"myWashingMachine" http://www.XYZ.com/WashingMachines#XYZ_CoolWASH_XYZ_myWashingMachine
"My-WashingMachine" http://www.XYZ.com/WashingMachines#XYZ_CoolWASH_XYZ_My-WashingMachine
"deviceClothesWasher" |http://mww.XYZ.com/WashingMachines#XYZ_CoolWASH_XYZ_deviceClothesWasher

Query 2: List al the commands offered by a specific washing machine

PREFI X sn: <htt p://ww. XYZ. coml WaAshi ngMachi nes#XYZ_Cool / >

PREFI X n2m <https://git.onen2m or g/ MAS/ BaseOnt ol ogy/ r aw/ nast er / base_ont ol ogy. owl #>
PREFI X saref: <https://saref.etsi.org/core/>

PREFI X rdfs: <http://ww.w3. org/ 2000/ 01/ r df - schema#>

SELECT ?wm ?operati on ?conmmand
WHERE {
?2wm nm2m hasQper ati on ?operation .
?operation a ?conmand .
VALUES ?wm {<htt p: //ww. XYZ. coml WAshi ngMachi nes#XYZ_Cool WASH_XYZ_nyWashi ngMachi ne>} .
?command rdfs: subd assOf sar ef : Command
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Thislists the operations and commands and functions associated with the commands.

Table 5

wm operation command
http://www.XYZ.com/WashingMachines# |http:/iww.XYZ.com/WashingMachines#XYZ_Coo
XYZ_CoolWASH_XYZ_myWashingMachi |IWASH_XYZ-StartStopFunction- saref:OnCommand
ne ON_Command_myWashingMachine
http://www.XYZ.com/WashingMachines# |http://www.XYZ.com/WashingMachines#XYZ_Coo
XYZ_CoolWASH_XYZ_myWashingMachi |IWASH_XYZ-StartStopFunction- saref:OffCommand
ne OFF_Command_myWashingMachine
http://www.XYZ.com/WashingMachines# |http://www.XYZ.com/WashingMachines#XYZ_Coo
XYZ_CoolWASH_XYZ_myWashingMachi |IWASH_XYZ-StartStopFunction- saref:ToggleCommand
ne TOGGLE_Command_myWashingMachine
http://www.XYZ.com/WashingMachines#  |http://iww.XYZ.com/WashingMachines#XYZ_Coo
XYZ_CoolWASH_XYZ_myWashingMachi [IWASH_XYZ-MonitoringFunction- saref:GetCommand
ne WashingMachineStatus_myWashingMachine

7.3 Interoperability Queries

The following queries demonstrate how interoperability is achieved using semanticsin oneM2M. Using the results of
the queries above it is possible to issue the following types of queries to determine exactly how to use the services of
the washing machines, without regard the way it was modelled. This query shows how to use the saref:GetCommand

for the SDT model of the washing machine

Query 3: How do | use saref:GetCommand of the SDT washing machine?

SELECT ?sar ef Command ?met hod ?target URI ?attr ?res
WHERE {
?wm nm2m hasQper ati on ?operation .
?operation a n2m Qperation .
?operati on n2m oneM2Mvet hod ?net hod .
optional {?operation n2m hasDataRestriction ?res} .
opti onal {?operation n2m oneM2Mattribute ?attr} .
?operation a ?saref Command .
?operati on m2m oneM2Mrar get URI ?target URl .
VALUES ?wm {<htt p: // ww. XYZ. coml WAshi ngMachi nes#XYZ_Cool WASH_XYZ_devi ced ot hesWasher >} .
VALUES ?sar ef Command {sar ef : Get Command}

The result of executing query 3is:

sarefCommand Method targetURI Attr res

saref:GetCommand "RETRIEVE" |"/deviceClothesWasher/runState" |"currentMachineState"

Query 3 can be modified for demonstration purposes to show the response for all three washing machines by removing

the line beginning with "VALUES wm". The result of this query can be compared with the expected responses
described in clause 6.2.1.

sarefCommand method targetURI attr res
saref:GetCommand "RETRIEVE" |"/deviceClothesWasher/runState" "currentMachineState"
saref:GetCommand |"RETRIEVE" |"/My- "WashingMachineStatus"

WashingMachine/sarefWashingMachine/
MonitorService"

saref:GetCommand  |"RETRIEVE" |"/myWashingMachine/status/la"
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Query 4: How do | use al commands of the washing machine modelled with SDT.
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SELECT ?sar ef Command ?net hod ?tar
VHERE {
?wm nm2m hasQper ati on ?operati
?operation a n2m Qperation .

opti onal

opti onal
?operation a ?saref Cormand .

}
ORDER BY ?sar ef Command

?operati on nm2m oneM2Mrar get URI .
VALUES ?wm {<http://ww. XYZ. com Washi ngMachi nes#XYZ_Cool WASH_XYZ_devi ced ot hesWasher >} .
VALUES ?sar ef Command {sar ef: Get Conmand sar ef : OnCommrand sar ef : OfF f Conmand sar ef : Toggl eComrand}

getURl 7?attr ?res

on .

?operati on nm2m oneM2Mvet hod ?met hod .
{?operation n2m hasDat aRestriction ?res} .
{?operation n2m oneM2Mattribute ?attr} .

?target UR

This query can be issued after discovering the appropriate device to dynamically build the commands needed to perform

operations on the device.

sarefCommand method targetURI attr res
saref:GetCommand "RETRIEVE" |"/deviceClothesWasher/runState" "currentMachineState"
saref:OffCommand "UPDATE" "/deviceClothesWasher/binarySwitch" "powerState" "False"
saref:OnCommand "UPDATE" "/deviceClothesWasher/binarySwitch" "powerState" "True"
saref:ToggleCommand |"UPDATE" "/deviceClothesWasher/binarySwitch/toggle"

The SPARQL query that is used isacritical component of the ability to dynamically determine the API of the model.
The tokens following the SELECT statement are variables that will be included in the response. For this use caseit is
necessary to know what oneM2M primitive to send to a CSE to perform the desired command. The method implies the
type of resource that is at the targetURI. An UPDATE method implies that the targetURI is a <flexContainer> whereas
if the method is CREATE then the resource type being created will be a <contentlnstance>. In the case of a
<flexContainer> "attr" specifies the custom attribute that needs to be updated and the "res" specifiesthe valueto usein

that attribute.

By designing a smartphone application to control the washing machine it might look like the wireframe shown in

Figure 11.
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8 Procedures

8.1 Introduction

Previous clauses describe the use case, the call flows, the semantic description of our device and the SPARQL queries
that can be used based on the created semantic descriptions. Asit is possible to see in this clause, the values returned
from aquery are fully dependent on the query issued. The oneM2M CSE will pass the query results back in the format
defined by SPARQL query results. This example receives a JSON response (the query is sent using XML just to
highlight that this can be done).

This clause will show how to create the oneM2M primitives that implement the use case described above. This example
will focus on the semantic description resources and the semantic queries. The specific primitives needed to create the
<AE>, <container>, and <flexcontainer> resources can be found in oneM2M Developer Guides at
https://wiki.onem2m.org/index.php?title=Developer_Guides.

8.2 Implementation

8.2.1 Semantics Description Utilities

The requirements for the creation of a <semanticDescription> resource include base64 encoding the ‘dsp' attribute.
There are many libraries that do this operation and for this example a python library was used.

i mport base64

def snmdEncode(description)
nsgAscii = description.encode('ascii')
b64 = base64. b64encode(nsgAscii)
descriptionb64 = b64. decode(' ascii')
return descriptionb64

def sndDecode(nessage):
b64d = nmessage. encode(' ascii')
nsgdAscii = base64. b64decode( b64d)
return nsgdAscii.decode('ascii')

8.2.2 Semantic Query Utilities

When sending a SPARQL query as arequest parameter for aoneM2M primitive, the query shall be "url” encoded.
There are many libraries that do this operation and for this example a python library was used.

import urllib. parse

def encodedSpar gl Query(query):
return (urllib. parse.quote(query,safe="")) #safe is by default '/'.

8.3 Semantics representations and primitives

8.3.1 Introduction

In oneM2M the <semanticDescriptor> resource is used to provide semantic annotations, such asthe onesin clause 7.
Semantic annotations can use the oneM2M base ontology as well as external ontologies, such as SAREF. The oneM2M
base ontology is primarily used to discover how to use the APIs for devices that are modelled in oneM2M. External
Ontologies are used to describe the capabilities of the device being modeled or other features of data that isavailablein
oneM2M, i.e. ontologies could describe the content of data or metadata. A <semanticDescriptor> resource can be a
child of <AE>, <container>, <contentl nstance>, <group>, <node>, <flexContainer>, <timeSeries>, <mgmtObj>
resources.
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The semantic annotations in a <semanticDescriptor> can apply to the parent resource or other resources. There are two
types of semantic searches that can be performed:
1) semantic discovery; and
2) semantic query.

A semantic discovery will find matching <semanticDescriptor> resources and provide the URI of the parent resource of
the <semanticDescriptor> resources that match the query. A semantic query request will return the response to the
SPARQL query in the format defined in the query. These differences may impact the decision regarding what parent
resource to target for a <semanticDescriptor> resource.

The representation of a <semanticDescriptor> resource shall be in one of the semantic formats supported in oneM2M.
The supported formats from ETSI TS 118 104 [i.3] are:

6.3.4.2.48 m2m:semanticFormat

Used in the <semanticDescriptor> and <ontology> resources.

Table 6.3.4.2.48-1: Interpretation of semanticFormat

Value Interpretation Note

1 IRI See [11]. This shall not be used for the
descriptorRepresentation of a
<semanticDescriptor= resource.

2 File format: Functional-style See [44]
3 File format: OWLXML See [45]
4 File format: RDF/XML See [46] and [34]
5 File format. RDF/Turtle See [46] and [47]
6 File format: Manchester See [48]
7 File format: JSON-LD See [49]

Figure 12: supported format from ETSI TS 118 104 [i.3]

In this use case RDF/XML isused in the primitives as that is supported by the test implementation. The semantic
annotations shown in clause 6 are written in RDF/Turtle. A convenient utility to convert the RDF/Turtle to RDF/ XML
isavailable at https.//www.easyrdf.org/converter or the python rdflib library.

Another requirement for the <semanticDescriptor> resource is that the descriptor attribute is set to the value of the
semantic triples encoded using xsd:base64Binary.

And finally, when issuing a Semantic request, whether it is a discovery or query, the semanticFilter parameter of the
request reguires " percent-encoding” when using the HTTP protocol binding, as used in the examples in the present
document.

Since the <semanticDescriptor> resource is separate from the resources that it describes there is considerabl e flexibility
available to application developers. For example, if a product such as an | PE for a clothes-washing machine does not
provide <semanticDescriptor> resources, it is possible for another application to provide the <semanticDescriptor>
resources. This can support application development that continually expands its supported devices. In this
clothes-washing machine use case the client application can deploy with any of the three models described above, but as
the application developer becomes aware of other clothes-washing machines, they can create the <semanticDescriptor>
resources for those devices and then applications that have been devel oped to use the original deployed devices will be
interoperable with these new devices, without change to the application. This concept is one of the ways that oneM2M
breaks down the silos of vertical deployments.

8.3.2 Create <semanticDescriptor>

The <semanticDescriptor> resource can be created by the entity that is creating the model or by a separate client entity,
depending on the <accessControl Policies> of the parent resource. This example shows the create <semanticDescriptor>
for the Custom Model. The RDF triples used to semantically describe the washing machine were first converted to
RDF/ XML and then base64 encoded. The result of that encoding is used for the "dsp" attribute of the
<semanticDescriptor>.

The following code is written using python and uses the utilities available at [i.4] to implement the CREATE and
RETRIEVE functions. Other classes, such as Graph, smdxml, and smdEncode are defined in clause 8.2.

ETSI


https://www.easyrdf.org/converter
https://www.easyrdf.org/converter

27 ETSI TS 103 780 V1.1.1 (2022-08)

prefixes_io = """ @refix saref: <https://saref.etsi.org/core/>.

@refix s4bldg: <https://saref.etsi.org/saref4bl dg/>.

@refix xsd: <http://ww. w3. org/ 2001/ XM_Schema#>.

@refix rdfs: <http://ww. w3. org/ 2000/ 01/ r df - schema#>.

@refix sn: <http://ww. XYZ. conl Washi ngMachi nes#XYZ_Cool / >.

@refix mm <https://git.onen2m or g/ MAS/ BaseOnt ol ogy/ r aw mast er/ base_ont ol ogy. ow #>.

smdBase = '''sn: WASH _XYZ_RESOURCE_|I D a <http://ww. XYZ. com WAshi ngMachi nes#XYZ_Cool >;
rdf s: comrent "Very cool Washi ng Machi ne";
sar ef : hasFuncti on sn: WASH_XYZ- Moni t ori ngFuncti on, sn: WASH_XYZ- St art St opFuncti on;
saref : hasManuf acturer " XYZ";

sar ef : hasServi ce sn: WASH_XYZ- Moni t or Servi ce , sn: WASH_XYZ- Swi t chOnSer vi ce;
saref: hasState sn: WASH_XYZ- Washi ngMachi neSt at us;

s4bl dg: i sCont ai nedl n sn: My_Bat hr oom

m2m oneM2Mrar get URI "RESOURCE_|I D';

m2m hasQOperati on sn: WASH_XYZ- Swi t chOnSer vi ce_RESOURCE | D, sn: WASH_XYZ- St art St opFunct i on-
ON_Command_RESOURCE | D, sn: WASH_XYZ- St art St opFunct i on- OFF_Comand_RESOURCE_| D, sn: WASH_XYZ-
Start St opFuncti on- TOGGLE_Command_RESOURCE_| D,
sn: WASH_XYZ- Moni t ori ngFuncti on- Washi ngMachi neSt at us_RESOURCE_|I D.

smdful | = prefixes_io + sndBase
g = Graph(). parse(data=sndfull, format='n3")
smdxm = g.serialize(format='"xm"', indent=4)
target URI = ' nyWashi ngMachi ne’
payl oad = sndxmi . replace("RESOURCE | D', target URl)
smd2b64 = snmdEncode( payl oad)
CREATE (
"http://1ocal host: 50000/ oneM2M senmantics/' + target URl, # This is the

Cust om Washi ng Machi ne AE

# Request Headers

{
"X-MM Origin' @ originatorl, # Set the originator
' X-MM Rl o123, # Request identifier
' X- MM RVI'! '3, # Rel ease verson indicator
" Accept’ . "application/json', # Response shall be JSON
' Cont ent - Type' : "application/json;ty=24" # Content is JSO\, and represents an
<semanti cDescri ptor> resource
H
# Request Body
"m2msmd' : {
"rn':' snmdCust omAasher',
"derp' ;' application/rdf +xm 1", # the RDF triples use RDF/ XM. fornmat;
"dsp': snd2b64 # the base64 encode triples

The resulting oneM2M primitive request and response using the HT TP protocol binding and JSON payload binding is
shown below.
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Sendi ng request to "http://localhost:50000/0neM2M-semantics/myWashingMachine"

Header Field Value
X-M2M-Origin Cipel
X-M2M-RI 123
X-M2M-RVI 3
Accept application/json
Content-Type application/json;ty=24
Body
"m2m smd": {

"rn": "sndCust omMasher",

"dcrp": "application/rdf+xm: 1",

"dsp":
" PD94bWhgdnVyc2l vbj 0i M54w i Bl bmi\vZ@ uZz0i dXRmLTgi Pz4KPHIkZj pSREYKI CAgeGlsbnMsbTJt PSJodHRwezovL2dpd
C5vbnvt MrOub3JnL01BUy9CYXN T250b2xvZ3kvenF3L21hc3R ci 9i YXN X29ud@sb2d5LmB3bCM Ci Agl Hht bG5zOnJkZj O
i aHROcDovL3d3dy53My5venmcvMrk50S8wM 8yM 1y ZGyt c¢3l udGF4LWEz 1 y1 KI CAgeGlsbnMscmRntz0i aHROcDovL3d3dy53M
y5vencvM AMMCBWIVB9Y ZGYt c2NoZWehi y I KI CAgeGlsbnMbczRi bGRnPSJodHRwe zovL3Nhe nvVmLmVOc 2kub3JnL3Nhc nivVimNG&J
sZGevl gogl CB4bWkuczpzYXJI Zj 0i aHROcHVBLY 9z YXJI Zi 51 dHNpLmByZy9j b3Jl Lyl KPgogl DxyZGY6RGVz Y3JpcHRpb24gc
nROrFi b3VOPSJodHRWG 8vd3d3LI hZW 5] b20vV2FzaG uz01hY2hpbnVzl 1hZW 9Db29sVOFTSFIYW/pf bXI XYXNoaWbnTWF
j a@ uZzsl +C Agl CA8cmRnnR5cGUgcmRnnJ| ¢291cnNl PSJodHRWG 8vd3d3LI hZW 5) b20vV2Fzad uZ01hY2hpbnvzl 1hZW
| 9Db29s1 i 8+C Agl CA8cnRntzpj b21t ZWb0PI ZI cnkgY29vbCBXYXNoaWsnl E1hY2hpbnmUBL3JkZnMBY29t bW/udD4KI CAgl Dx
zYXJI| Zj poYXNGIWBj dd vbi ByZGY6cnmvzb3Vy Y2U9l mhOdHAGLY 93d3cuWFl aLnm\vbSIXYXNoaWbnTWF ad@ uZXM WFl aXONvb
2xXQVNI X1hZW 1Nb25pd&@yaWsnRnVuY3Rpb24i Lz4KI CAgl Dxz YXJI Zj poYXNGAWGj dG vbi ByZGY6cnvzb3VyY2U91 mhOdHA
6Ly93d3cuWFl aLm\vbS9IXYXNoaWbnTWFj ad uZXM WFI aXONvb2xXQVNI X1hZW 1TdGFydFNOb3BGdWsj dd vbi | vPgogl CAgP
HNhcmVmOrhhc01hbnVmiYWNOdXJI cj 5YW/o8L3NhcmVimOrhhc01hbnVmYWNOdXJ! cj 4KI CAgl Dxz YXJ! Zj poYXNTZXJ2aWN | H]
kZj pyZXNvdXJj ZTOi aHROcDovL3d3dy5YW/ouY29t L1dhc2hpbmdNYWNoaWsl cy NYW/pf QR9vbFdBUOhf WFI aLUlvbni 0b3JTZ
XJ2aWNl | i 8+Ci Agl CA8c2FyZWr6aGrzU2Vydnl | ZSBy ZGY6cnmvzb3Vy Y2U9I mhOdHAGLY 93d3cuWFl aLm\vbS9XYXNoaWsn TWF
j ad uzZXM WFl aXONvb2xXQVNI X1hZW 1Td2I 0Y2hPbl Nl cnZpY2Ui Lz4KI CAgl Dxz YXJ| Zj poYXNTdGF0ZSBy ZGY6cnmvVzb3VyY
291 mh0dHAGBLY93d3cuWFl aLm\vbS9XYXNoaVWbnTWFj ad uZXM WFl aXONvb2x XQVNI X1hZW 1XYXNoaWbnTWFj a@ uZVNOYXR
1cyl vPgogl CAgPHWDYnxkZzppcONvbnRhaWsl ZEl ul HIkZj pyZXNvdXJj ZTOi aHROcDovL3d3dy5YWouY29t L1dhc2hpbndNY
WNoaVbl cy NYW/pf QROvbE15X0JhdGnhyb29t | i 8+Ci Agl CA8bTJt OnBuZU0y TVRhendl dFVSST5t eVdhe2hpbndNYWNoaVWbsl PC9
t M06b251 TTINVGFYy Z2VOVWJIJPgogl CAgPQybTpoYXNPc Gy YXRpb24gcnRnOnJIl c291cnNl PSJodHRWO 8vd3d3LI hZW 5j b
20vV2Fzad uz01hY2hpbmvzl 1hZW 9Db29sVOFTSFOYW/ot U3dpdGNoT25TZXJ2aWNl X215V2FzaG uZ01hY2hpbmni Lz4KI CA
gl Dxt Mr06aGFz T3BI cnF0aVWul HIkZj py ZXNvdXJj ZTOi aHROcDovL3d3dy5YW/ouY29t L1dhc2hpbrmdNYWNoaWsl cy NYW/pf Q
29vbFdBUOhf WFl aLVNOYXJ0U3RvcEZ1bnmNOaVWuL U9OXONvbWLhbRf bXI XYXNoaWsnTWFj aG uZS| vPgogl CAgPGOYybTpoYXN
PcGvy YXRpb24gcnRnOnJl c291cnNl PSJodHRWO 8vd3d3LI hZW 5] b20vV2Fzad uZ01hY2hpbnvzl 1hZW 9Db29sVOFTSFOYW
Vot U3RhcnRTd@wWRnVuY3Rph24t TOZGXONvbWLhbnRf bXI XYXNoaWbnTWFj ad uZSI vPgogl CAgPQybTpoYXNPc Gy YXRpb24
genROnJl ¢291cmNl PSJodHRWG 8vd3d3LI hZW 5j b20vV2Fzad uZ01hY2hpbnVzl 1hZW 9Db29sVOFTSF9YW/ot U3RhcnRTd
GOwWRNVUY3Rpb24t VE9HROX FXONvbWLhbRf bXI XYXNoaWbnTWFj aG uZSl vPgogl CAgPGYbTpo YXNPc Gy YXRpb24gcmRmnJ
I c291cnmNl PSJodHRWG 8vd3d3LI hZW 5j b20vV2Fzad uzZ01hY2hpbnvzl 1hZW 9Db29sVOFTSF9YW/ot TWDuaXRvem uZ0Z1b
m\0aVWuLVdhc2hpbndNYWNoaWsl U3RhdHVZz X215V2Fzad uZ01hY2hpbnii Lz4KI CA8L3JkZj pEZXN cml wdd vbj 4KPCOyZGY
6UkRGPgo="

}
}
Response
Header Field Value
Content-Type application/vnd.onem2m-res+json
X-M2M-RI 123
X-M2M-RSC 2001
Content-Location  |/cse_01/smd165779801715710114cse01
Content-Length 2952
X-M2M-RVI 3
Body
{
"m2msmd": {
"ct": "20220714T112657",
"et": "99991231T235959",
"ltt: "20220714T112657",
"pi": "G pel",
"ri': "smd165779801715710114cse01"
}
}
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The code above is repeated for each <semanticDescriptor> resource that is created. For this use case, there are six
<semanticdescriptor> resources created. Three <semanticDescriptor> resources that describe the capabilities of the
washing machine are identical except for the "RESOURCE_ID" token that is replaced with the appropriate value. The
other three <semanticDescriptor> resources describe the API of the model and therefore have different values for the
oneM2M baseOntology classes.

8.3.3  Semantic Query

When a SPARQL query is created, it can be passed in the "semanticFilter" request parameter, shown below with the
shortname form of the request parameter of "smf". The query shall first be ascii encoded. Using python, the following
code will execute query 4 from above to dynamically determine al four primitives needed to use the SDT model of the
washing machine. Additionally, the " Semantic Query Indicator”, "sqi", is set to "1" to distinguish this query request
from a semantic discovery request. A semantic discovery request will return alist of URIs that match the query rather
than a query response.

query = '"''PREFI X sn: <http://ww. XYZ. coml Washi ngMachi nes#>
PREFI X n2m <https://git.onen2m or g/ MAS/ BaseOnt ol ogy/ r aw/ nast er / base_ont ol ogy. owl #>
PREFI X saref: <https://saref.etsi.org/core/>

SELECT ?saref Command ?net hod ?target URI ?attr ?res
WHERE {
?wm n2m hasOper ati on ?operati on.
?operation a m2m Operati on.
?operati on m2m oneM2Mvet hod ?net hod.
optional {?operation n2m hasDataRestriction ?res}.
optional {?operation n2m oneM2Mattribute ?attr}.
?operation a ?saref Conmand.
?operati on nm2m oneM2Mrar get URI ?t arget URI .
VALUES ?wm {<http://ww. XYZ. com Washi ngMachi nes#XYZ_Cool WASH_XYZ_devi ced ot hesWasher >} .
VALUES ?sar ef Command {sar ef: Get Conmand sar ef : OnCormand sar ef : Of f Cormand sar ef : Toggl eCommand}

}
ORDER BY ?sar ef Command

encSMQ = encodedSpar gql Query(query)

RETRI EVE (
"http://1ocal host: 50000/ oneM2M senmant i cs?f u=1&sqi =1&snf ="' + encSMQ

# Request Headers

{
"X-MM Origin' : originator?2, # Set the originator
' X-MM Rl : 'seml', # Uni que request identifier
' X- MM RVI'! '3, # Rel ease verson indicator
' Accept'’ : "application/json' # Response shall be JSON
}

The resulting oneM2M primitive request and response using the HTTP protocol binding and JSON payload binding is
shown below. It isimportant to note the JSON response to the query. An application will have to parse the response
from the query to get the desired information.
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Sendi ng request to:

http://1 ocal host: 50000/ oneM2M semant i cs?f u=1&sqi =1&snf =PREFI X

sn%BA<ht t pdBAYRFIRFwwv. XYZ. conP2FWashi ngMachi nes%®23> PREFI X n2n?/BA

<ht t ps¥BAYRFY2Fgi t . onen2m or g%2FMASY2FBaseOnt ol ogy%2Fr aws2Fmast er %2Fbase_ont ol ogy. oW %23> PREFI X
sar ef BA <htt ps¥BAYRFY2Fsar ef . et si . or g¥2Fcor e%2F> SELECT 9%8Fsar ef Cormand %3Fnet hod 9%8Ft ar get URI
YBFattr 9%BFres WHERE { 9%BFwm n2nP@8AhasQperati on ¥8Foperation . 9%3Foperati on a nm2n¥3AQperation .
%8Foper ati on n2n¥8AoneM2Mvet hod %8Fret hod . optional {%Foperati on nm2n¥@AhasDat aRestri cti on
9%8Fres} . optional {%Foperation n2n¥@AoneMMattribute 9BFattr} . 9%BFoperati on a %3Fsaref Command .
Y%3Foper ati on m2n¥BAoneM2Mrar get URI 9%8Ft arget URI . VALUES %8Fwm

{<ht t p%BAYRFY2Fwmv. XYZ. con¥@FWashi ngMachi nes%@3XYZ_Cool WASH_XYZ_devi ced ot hesWasher>} . VALUES
%8Fsar ef Command {sar ef %8AGet Command sar ef %BAOnConmmand sar ef %BAO f Command sar ef 8AToggl eConmand} }
ORDER BY %@Fsar ef Command

Header s
Header Field Value
X-M2M-Origin Cipel
X-M2M-RI semQ1
X-M2M-RVI 3
Accept application/json
Response
Header Field Value
Content-Type application/vnd.onem2m-res+json
X-M2M-RI semQ1l
X-M2M-RSC 2000
Content-Location /cse_01/smd165779801715710114cse01
Content-Length 1043
X-M2M-RVI 3
X-M2M-CTS 2
Body
[
"attr": {
"type": "literal",
"val ue": "current Machi neSt at e"
H
"met hod": {
"type": "literal",
"val ue": "RETRI EVE"
H
"sar ef Command": {
"type": "uri",
"value": "https://saref.etsi.org/core/ Gt Conmand"
H
"target URI": {
"type": "literal",
"val ue": "/deviceC ot hesWasher/runSt ate"
}
H
{
"attr": {
"type": "literal",
"val ue": "power State"
b
"met hod": {
"type": "literal",
"val ue": "UPDATE"
b
"res": {
"type": "literal",
"val ue": "Fal se"
b
"saref Command": {
"type": "uri",
"value": "https://saref.etsi.org/core/ O fConmand"
b
"target URI": {
"type": "literal",
"val ue": "/devi ceC ot hesWasher/bi narySw t ch"
}
b
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"attr": {
"type": "literal",
"val ue": "power State"
b
"met hod": {
"type": "literal",
"val ue": "UPDATE"
b
"res": {
"type": "literal",
"val ue": "True"
" ’sar ef Command": {
"type": "uri",
"value": "https://saref.etsi.org/core/ OnConmand"

b
"target URI": {
"type": "literal",
"val ue": "/devi ceC ot hesWasher/bi narySw t ch"

b
{
"met hod": {
"type": "literal",
"val ue": "UPDATE"
"’sar ef Command": {
"type": "uri",
"value": "https://saref.etsi.org/corel/ Toggl eComrmand"
}
"target URI": {
"type": "literal",
"val ue": "/devi ceC ot hesWasher/bi narySw t ch/ t oggl e"
}
}
]
9 Conclusion

The Internet of Things has led to the requirement to model physical devices. In oneM2M there are three methods

available to build a model of a device:

. Create a custom model using the variety of data sharing resources available in oneM2M to represent the

information and services that are exposed by areal-world device.

. Create an ontol ogy-based model, where the first step isto semantically describe the device in a manner that
can then be procedurally (or programmatically) used to create the resources needed to model the device.

. Create a Smart Device Template based model by selecting a standardized pre-existing model that is best

aigned to the device.

The present document presented a use case where each of the three methods were used to model a clothes-washing

machine.

The goal of the present document is to show how interoperability can be realized for applications that are working with
physical devices but do not have a priori knowledge of how the device is modelled. The use case showed how the
oneM2M primitives for the same device operation are different depending on which method is used to model the
device. The different models would require different custom application programming to support all three models.
Additionally, the custom model and the ontology-based model can result in many different variations. Thisleadsto an
unmanageable scalability problem for application developers as they attempt to control the clothes-washing machine

with any number of model variations.
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oneM2M addressed this interoperability beginning in Release 2 with the ability to semantically describe the device
model structure using the oneM2M Base Ontology. Combining the ability to describe the model structure with the use
of SAREF ontologies, and other foreign ontologies, oneM2M provides the ability to dynamically discover and use
devicesthat are modelled differently.
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