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Intellectual Property Rights

IPRs essential or potentialy essential to the present document may have been declared to ETSI. The information
pertaining to these essential IPRs, if any, ispublicly available for ETSI membersand 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 ETSI Secretariat. Latest updates are available on the ETSI Web
server (https://ipr.etsi.org/).

Pursuant to the ETSI IPR Policy, no investigation, 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 ETSI Web
server) which are, or may be, or may become, essential to the present document.

Foreword

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

The present document is part 1 of a multi-part deliverable covering SmartM2M; Smart Appliances Extension to
SAREF, as identified below:

Part 1: " Energy Domain";
Part 2:  "Environment Domain";

Part 3:  "Building Domain".

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 allowed in ETSI deliverables except when used in direct citation.
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1 Scope

The present document presents SAREFAENER, the SAREF extension for EEBus and Energy@Home in the energy
domain.

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.
[1] EEBus, SPINE.
NOTE: Available at https://www.eebus.org/en/specifications/.

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] TNO, EEBuSs, Energy@Home: "SAREF4EE".

NOTE: Available at https://w3id.org/saref4ee and http://ontology.tno.nl/saref4ee Documentation v0.1.pdf.

[i.2] Energy@home Data Model, v2.1, October 2015.

NOTE: Available at http://www.enerqy-
home.it/Documents/T echnical %20Specifications E@h_data model v2.1.pdf.

[1.3] IEC TR 62746-2:2015: " Systems interface between customer energy management system and the
power management system - Part 2: Use cases and requirements’.

NOTE: Available at https://webstore.iec.ch/publication/22279.

[i.4] ETSI TR 103 411: "SmartM2M Smart Appliances SAREF extension investigation”.
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3 Definitions and abbreviations

3.1 Definitions

For the purposes of the present document, the following terms and definitions apply:
ontology: formal specification of a conceptualization, used to explicit capture the semantics of a certain reality

smart appliances. devices, which are used in the household, e.g. for performing domestic work, and which have the
ability to communicate with each other and which can be controlled via Internet

3.2 Abbreviations

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

CEM Customer Energy Manager

E@H Energy@Home association

EEBus EEBusinitiative

oM Ontology of units of Measure

OWL Web Ontology Language

SAREF Smart Appliances REFerence ontology
TNO Netherlands Organization for Applied Scientific Research
TR Technical Report

TS Technical Specification

UML Unified Modeling Language

XSD W3C XML Schema Definition

4 SAREF4ENER ontology and semantics

4.1 Introduction and overview

The present document is atechnical specification of SAREF4AENER, an extension of SAREF that was created in
collaboration with Energy @Home (http://www.energy-home.it) and EEBus (http://www.eebus.org/en), the major Italy-
and Germany-based industry associations, to enable the interconnection of their (different) data models. The
Energy@Home association, abbreviated in the rest of the document as E@H. E@H aims at developing and promoting
technologies and services for energy efficiency in smart homes, based upon the interaction between user devices and the
energy infrastructure. The E@H data model isdescribed in[i.2]. EEBusis an important initiative in the area of the
Internet of Things, which hasits roots in the sector of smart and renewable energy. EEBus developed a standardized
and consensus-oriented smart grid and smart home networking concept. The EEBus data model is described in [1].
SAREF4ENER is meant to enable the (currently missing) interoperability among various proprietary solutions
developed by different consortia in the smart home domain. By using SAREFAENER, smart appliances from
manufacturers that support the EEBus or E@H data models will easily communicate with each other using any energy
management system at home or in the cloud.

Towards this aim, SAREFAENER should be used to annotate (or generate) a neutral (protocol-independent) set of
messages to be directly adopted by the various manufacturers, or mapped to their domain specific protocols of choice.

SAREF4ENER isan OWL-DL ontology that extends SAREF with 63 classes, 17 object properties and 40 data type
properties. SAREF4ENER focuses on demand response scenarios, in which customers can offer flexibility to the Smart
Grid to manage their smart home devices by means of a Customer Energy Manager (CEM). The CEM isalogical
function for optimizing energy consumption and/or production that can reside either in the home gateway or in the
cloud. Moreover, the Smart Grid can influence the quantity or patterns of use of the energy consumed by customers
when energy-supply systems are constrained, e.g. during peak hours. These scenarios involve the following use cases:

. Use case 1: configuration of devices that want to connect to each other in the home network, for example, to
register a new dishwasher to the list of devices managed by the CEM;

ETSI


http://www.energy-home.it/
http://www.eebus.org/en

7 ETSI TS 103 410-1 V1.1.1 (2017-01)

. Use case 2: smart energy management/ (re-)scheduling appliances in certain modes and preferred times using
power profiles to optimize energy efficiency and accommodate the customer's preferences;
. Use case 3: monitoring and control of the start and status of the appliances,

. Use case 4: reaction to specia requests from the Smart Grid, for example, incentives to consume more or less
depending on current energy availability, or emergency situations that require temporary reduction of the
power consumption.

These use cases are associated with the user stories described in [i.3], which include, among others, the following
examples:

. User wants to do basic settings of his’her devices,

. User wants to know when the washing machine has finished working;

. User wants the washing done by 5:00 p.m. with least electrical power costs;
. User likes to limit his/her own energy consumption up to a defined limit;

. User allows the CEM to reduce the energy consumption of his/her freezer in a defined range for a specific
time, if the grid recognizes (severe) stability issues;

. Grid related emergency situations (blackout prevention).

The prefixes and namespaces used in SAREF4ENER and in the present document are listed in Table 1.

Table 1: Prefixes and namespaces used within the SAREF4ENER ontology

Prefix Namespace
s4ener https://w3id.org/saref4ener
saref https://w3id.org/saref#
dcterms http://purl.org/dc/terms/
owl http://www.w3.0rq/2002/07/owl#
rdf http://www.w3.0rg/1999/02/22-rdf-syntax-ns#
rdfs http://www.w3.0rg/2000/01/rdf-schema#
om http://www.wurvoc.org/vocabularies/om-1.8/
xsd http://www.w3.0rg/2001/XMLSchema#

4.2 SAREF4ENER

421 General Overview

An overview of the SAREFAENER ontology is provided in Figure 1, where rectangles containing an orange circle are
used to denote classes created in SAREF4AENER, while rectangles containing a faded orange circle denote classes
reused from other ontologies, such as SAREF. For al the entities described in this document, it is indicated whether
they are defined in the SAREFAENER extension or elsewhere by the prefix included before their identifier, i.e. if the
element is defined in SAREF4ENER the prefix iss4ener : , whileif the element is reused from another ontology it is
indicated by a prefix according to Table 1.

Arrows with white triangles on top represent ther df s: subCl assOF relation between two classes. The origin of the
arrow is the class to be declared as subclass of the class at the destination of the arrow.

Directed arrows are used represent properties between classes.
Rectangles that contain alist of values between square brackets denote an enumeration of individuals.

Note that Figure 1 aims at showing a global overview of the main classes of SAREFAENER and their mutual relations.
More details on the different parts of Figure 1 are provided in clause 4.2.2 to clause 4.2.6.
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Figure 1: SAREF4ENER overview

Figure 2 shows the hierarchy of classes and properties defined in SAREF4ENER.

Orange circles represent classes of SAREFAENER, while faded orange circles represent classes that are reused from
other ontologies. Object properties - which are properties between two classes - are denoted by blue rectangles, while
datatype properties - which are properties between a class and a data type, such asxsd: stri ng or xsd: dat eTi e
- are denoted by green rectangles. Faded blue and green rectangles denote object properties and datatype properties that

are reused from other ontologies.
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[# Classes

4 owl:Thing
® owlkNamedindividual {20)
sdenerAlternativesGroup
4 sdener: LoadControlEventiction
sdenerEventActionConsume (8]
sdenerEventActionProduce (6)
sdener: LoadControlEventData
sdener:LoadControlStateData
sdener: PowerSequence
sdenern Slot
4 saref:Device
sdenerDevice
4 saref:Profile
sdener:PowerProfile
4 saref:Property
4 saref:Energy
a sdener: Energy
sdenerEnergyExpected
sdenerEnergyMax
sdenerEnergyMin
sdenerEnergySkewness
sdener EnergyStandardDeviation
sdener: ResumeEnergyEstimated
4 saref:Power
4 sdenerPower
sdenerPowerkxpected
sdenerPowerMax
sdener PowerMin
sdener: PowerSkewness
shener: PowerStandardDeviation
4 sarefiPrice
sdenerResumeCostEstimated
4 sarefiState
a0 sdener: State
4 sdener:LoadControlEventState
sdenen EventStateConsume (@)
sdener EventStateProduce (8)
sdener:PowerSequencestate (8)
F] time:DurationDescription
sdener: ActivationDelayDuraticnDescription
sdener ActiveDurationDescription
sdenerAnticipationDurationDescription
shener: DefaultDurationDescription
sdener: DuratiocnUncertaintyDescription
sdenerEndTimeDurationDescription
sdener:PauseDurationDescription
sdener: SlotTimeDurationDescription
sdener: StartTimeDurationDescription
sdener TimePericdDurationDescription
4 time:TemporalEntity
sdener ActivationDelay
sdener ActiveDurationMax
sdener ActiveDurationMin
sdenerActiveDurationSumMax
sdener ActiveDurationSumMin
sdener: DefaultDuration
shener:DurationUncertainty
shenerEarliestStartTime
sdener: ElapsedSlotTime
sdenernEndTime
sdener LatestEndTime
sdener: MaxActivationDelay
sdener: MaxdAnticipation
sdenenMaxDuration
sdener MinDuratien
sdener PauseDurationMax
sdenenPauseDurationMin
sdenerPauseTime
sdenenRemainingPauseTime
sdener:RemainingSlotTime
sdenenStartTime
sdenenTimePeriod
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h Properties
owltopObjectProperty
[ sdenerbelongsTo
[ sdenerexposes
[ sdenerhasAppliedEventActionConsume
[ sdenerhasAppliedEventActionProduce
[ sdenerhasConnection
[ s4ener: hasDevice
[ sdenerhasEnergy
[ sdener:hasExpression
[ s4ener:hasFunction
4 [ sdenerhasValueType
[ sdener:hasEnergyValueType
[ sdenerhasPowerValueType
[ sdenerreceives
[ sdenertriggersEventActionConsume
[ sdenertriggersEventActionProduce
a saref:hasState
[ sdenerhasEventStateConsume
[ sdenerhasEventStateProduce

owltopDataProperty
B sdeneractivateSlot
M sdeneractiveRepetitionNumber
M sdenenactiveSlotNumber
M sdeneralternativesCount
M sdeneralternativesGrouplD
I sdenerbrandMame
I sdenercheapest
M sdenendeviceCode
M sdenendeviceName
M sdenereventlD
M sdenengreenest
M =dener:hardwareRevision
B =denerisPausable
I =denerisStoppable
M sdenermanufacturerDescription
M sdenermanufacturerLabel
M s4enermanufacturerModeldentification
M sdenermaxCyclesPerDay
I =denermeasurement]D
M sdenermessagingMumber
I sdenermessagingType
M s4ener:nodeRemoteControllable
I sdeneroptionalSlot
I sdenerpowerSource
M sdenerrepetitionsTotal
M sdenersequencelD
M sdenersequenceRemoteControllable
B =denerserialMumber
M sdenerslotActivated
M sdenenslotMumber
M sdenensoftwareRevision
I sdenersupportsReselection
M sdener:supportsSingleSlotSchedulingOnly
B sdenertaskldentifier
M sdenertotalSequencesCountMax
M sdenenvalueSource
M sdenervalueTendency
M sdenervendorCode
B sdenervendorMame
B sdener: xsdDuration

Figure 2: SAREFAENER class and property hierarchy
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A sdener: Devi ce isasubclassof asar ef : Devi ce, i.e. it inherits the properties of the more general saref:Device
and extends it with additional propertiesthat are specific for SAREF4ENER. Thes4ener : Devi ce classisshownin

Figure 3.

saref:Device

saref:Profile

sdener:Device

[ s4enerexposes : sdener:PowerProfile (min 0 séener:PowerProfile)

M sdenerbrandMame : string[0.1]

M s4enerdeviceCode : string[0.1]

B sdenerdeviceMame : string[0.1]

B s4enerhardwareRevision : string[0..1]

M sdenermanufacturerDescription : string[0..1]

B s4enermanufacturerLabel : string[0..1]

M s4enermanufacturerNodeldentification : string[0..1]

B s4enerserialNumber : string[0..1]
M s4enersoftwareRevision : string[0..1]
M sdenervendorCode: string[0.1]

M s4enervendorMame:: string[0.1]

[ sdenerreceives : sdener:LoadControlEventData (min 0 sdener:LoadContreolEventData)

M sdenenpowerSource: {"unknown" , "mainsSinglePhase” , "mains3Phase”, "battery”, "dc"}[0..]

sdener PowerProfile
denereposes ||

sdener belonasTo

Figure 3: Device

Table 2 summarizes the properties that characterize as4ener : Devi ce.

Table 2: Properties of a Device

Property

Definition

sdener:exposes min 0 s4ener:PowerProfile

A relationship between a device and its power profile.

s4ener:receives min 0
s4ener:LoadControlEventData

A relationship between a device (e.g. an appliance or a smart
meter) and a load control event.

sd4ener:brandName max 1 xsd:string

The name of the brand of a device. Useful where the name of
the brand and the vendor differs.

sdener: deviceCode max 1 xsd:string

Device code for the device as defined by the manufacturer.

sdener: sdee:deviceName max 1 xsd:string

Name of the device as defined by the manufacturer.

sdener: hardwareRevision max 1 xsd:string

Hardware revision of the device as defined by the
manufacturer.

sd4ener:manufacturerDescription max 1 xsd:string

A description for the device as defined by the manufacturer.

sd4ener:manufacturerLabel max 1 xsd:string

A short label of the device as defined by the manufacturer.

s4ener:manufacturerNodeldentification max 1
xsd:string

A node identification for the device as defined by the
manufacturer. This could be used for the identification of a
device, even if it was removed from the network and re-joined
later with changed node address.

sdener:powerSource min 0 xsd:string

The power source of a device. Possible values are
{"unknown", "mainsSinglePhase", "mains3Phase", "battery",
Ildcll}.

sdener:serialNumber max 1 xsd:string

Serial number of a device as defined by the manufacturer.
Usually the same as printed on the case.

sdener:softwareRevision max 1 xsd:string

Software revision of a device as defined by the manufacturer.

sdener:vendorCode max 1 xsd:string

Code for the vendor of the device as defined by the
manufacturer.

sd4ener:vendorName max 1 xsd:string

Name of the vendor of the device as defined by the
manufacturer.

4.2.3

Power Profile and Alternatives Group

This clause presents the classes of interest for smart energy management. These classes are used to schedule devicesin
certain modes and preferred times using power profiles to optimize energy efficiency and accommodate the customer's
preferences (i.e. use case 2). These classes are s4ener : Power Profi |l e,s4ener: Alternati ve,

s4ener : Power Sequence and s4ener : Sl ot , which are shown in Figure 4.

ETSI
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A sdener: Power Profil eisasubclassof asar ef : Profi | e, i.e. itinheritsthe properties of the more general
saref: Profil e extending it with additional propertiesthat are specific for SAREF4AENER. The

s4ener : Power Profi | e isused by as4ener : Devi ce to expose the power sequences that are potentially relevant
for the CEM. A s4ener : Devi ce can exposeasdener : Power Prof i | e, which consists of one or more
dternative plans (s4ener : Al t er nati vesG oup class). A s4ener: Al t ernati vesG oup consists of one or
more power sequences (s4ener : Power Sequence class), and as4ener : Power Sequence consists of one or
more slots (s4ener : Sl ot class). Inversely, as4ener : Sl ot belongsto only and exactly one

s4ener : Power Sequence, which, in turn, belongsto only and exactly one s4ener : Al t er nati vesG oup,
which, in turn, belongsto only and exactly one s4ener : Power Prof i | e. A s4ener: Power Prof i | e belongsto
only and exactly ones4ener : Devi ce.

saref:Profile
saref:consistsOf : saref:Profile
sarefthasPrice : sarefiPrice
saref:hasTime: saref:Time
sarefiisAbout : saref: Commodity or saref:Property

sdenenPowerProfile

[ sdenerbelongsTo: sdenernDevice (exactly 1 sdenerDevice)

sareficonsistsOf : sdenerAlternativesGroup (min 0 séenerAlternativesGroup)
B sdeneralternativesCount : integer[1.1]
I s4enernodeRemoteControllable : boolean[1..1] \
B sdenensupportsReselection @ boolean[1.1]
I sdenensupportsSingleSlotSchedulingOnly @ boolean(1.1]
B sdenertotalSequencesCountMax : unsignedint(1.1]

shenerbelongsTo saref:consistsOf sdenerAlternativesGroup

[ s4enerbelongsTe : sdenenPowerProfile (exactly 1 sdenenPowerProfile)
saref:consistsOf : sdenenPowerSequence (min 1 sdener:PowerSequence)
._——I B sdeneralternativesGrouplD : integer

slener belongsTo

saref:consistsOf

sdener:PowerSequence

[ s4enernbelongsTo: séenenAlternativesGroup (exactly 1 sdenernAlternativesGroup)

[ sdenerhasEnergy : sdenerResumeEnergyEstimated (max 1 sdenerResumeEnergyEstimated)
sareficonsistsOf : sdenenSlot (min 1 sdenenSlot)
saref:hasPrice : sdenerResumeCostEstimated (max 1 sdenerResumeCostEstimated)
sarefthasState : sdenenPowerSequenceState (min 1 sdenenPowerSequenceState)
saref:hasTime: (max 1 sdenerEarliestStartTime, max 1 sdenerActiveDurationSumMax, max 1 sdenerLatestEndTime, max 1 sdenerfc

B sdeneractiveRepetitionNumber : unsignedInt[0..1]

M sdeneractiveSlotMNumber : unsignedInt(0.1]

B sdenercheapest : boolean[0.1]

B sdenengreenest : boolean[0.1]

B sdenerisPausable: boelean[0.1]

B sdenenisStoppable : boolean[0.1]

B sdenenmaxCyclesPerDay : unsignedInt[0.1]

I s4enerrepetitionsTotal : unsignedInt[0..1]

B sdenensequencelD @ unsignedint(1.1]

I sdenensequenceRemoteControllable : boolean[1..1]

B sdenertaskldentifier : unsignedInt{0..]

M sdenenvalueSource : {"measuredValue”, "calculatedValue” , "empiricalValue"}[0..]
saref:hasDescription : string[0.1]

sdener belongsTo

saref:consistsOf

sdenenslot

[ sdenerbelongsTo : sdenerPowerSequence (exactly 1 sdener:PowerSequence)
[ s4enerhasEnergyValueType : sdenenEnergy
[ sdenerhasPowerValueType : sdener:Power

sdenerhasValueType: (min 1 sdenerEnergy

or sdener:Power)

saref:hasTime : saref: Time (max 1 sdenerStartTime, max 1 sdener.DefaultDuration, max 1 sdenerMinDuration, max 1 sdenerEndTime, max 1 sdenerMe
B sdeneroptionalSlot : boolean[0.1]
I sdenerslotActivated : boolean([0.1]
B sdenenslotMumber : unsignedInt(1..1]

saref:hasDescription : string[0.1]

Figure 4. Power Profile and Alternatives Group

Table 3 summarizes the properties that characterize as4ener : Power Prof i | e and an
sdener: At ernativesG oup.
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Table 3: Properties of a Power Profile and an AlternativesGroup

Property

Definition

sdener:alternativesGrouplD exactly 1
xsd:unsignedint

The endpoint-wide unique identifier for the alternatives
group instances provided by a power profile.

sdener:alternativesCount exactly 1 xsd:integer

Number of "alternatives" groups provided by a power
profile.

s4ener:nodeRemoteControllable exactly 1
xsd:boolean

Whether the device is configured for remote control by the
CEM. This refers to the selection chosen by the user on
the remote control feature of the device.

sdener:supportsReselection exactly 1 xsd:boolean

Whether the device restricts the number of sequence
re-selections by the CEM. If set to TRUE, there is no
restriction, i.e. within a given alternative the CEM may first
choose one sequence, alter the selection by configuring
another sequence later on, then alter the selection again,
etc. If set to FALSE, the device permits the CEM to select
a sequence of an alternative only one time.

sdener:supportsSingleSlotSchedulingOnly exactly 1
xsd:boolean

Whether the device permits the modification of more than
one slot per configuration command. If set to TRUE the
device does NOT permit this modification.

sdener:totalSequencesCountMax exactly 1
xsd:unsignedint

Total number of sequences supported by the device,
i.e. the sum of all power sequences across all alternatives.

4.2.4 Power Sequence

Thes4dener: Al t ernati vesG oup described in clause 4.2.3 consists of one or more power sequences
(sdener : Power Sequence class) and, inversely, as4ener : Power Sequence belongsto only and exactly one
sdener: Al t ernati vesG oup. Figure 5 shows the details of the s4ener : Power Sequence class.
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sdener:PowerSequence

[ sdenerbelongsTo : sdenernAlternativesGroup (exactly 1 sdenerAlternativesGroup)

[ sdenerhasEnergy : sdenenResumebnergyEstimated (max 1 sdenerResumeEnergyEstimated)
sareficonsistsOf : sdenenSlot (min1 sdenenSlot)
saref:hasPrice : sdenenResumeCostEstimated (max 1 sdenerResumeCostEstimated)
saref:hasState : sdenenPowerSequenceState (min 1 séenerPowerSequenceState)
sarefthasTime : (max1 sdenerEarliestStartTime, max 1 sdenerActiveDurationSumMax, max 1 sdener:LatestEndTime, max1 sdenenic

B sdeneractiveRepetitionMumber : unsignedint[0..1]

B sdeneractiveSlothumber : unsignedInt[0.1]

B sdener.cheapest : boolean[0..1]

B sdenergreenest: boolean[0.1]

I sdenerisPausable : boolean[0..1]

B sdenerisStoppable : boolean[0.1]

I sdenermaxCyclesPerDay : unsignedint(0..1]

B sdenerrepetitionsTotal : unsignedInt(0..1]

B sdenersequencelD @ unsignedint]1..1]

I sdenersequenceRemoteControllzble:: boolean[1.1]

B sdenertaskldentifier : unsignedInt(0..]

I sdenervalueSource : {"measuredValue”, "calculatedValue” , "empiricalValue"}[0..]
saref:hasDescription @ string[0..1]

saref:Energy
]
L £
o 1
ra sdener:Energy

sdener: State A
["sdenerrunning”, O | sdener ResumeCostEstimated ‘
"sdener:paused”, ‘
"sdenernscheduled”, caref:-hasPrice
"sdenenscheduledPaused”, o | sdenerResumeEnergyEstimated |
"sdener:pending”, [© sdener PowerSequenceState ‘ |
"sdenerinactive”, owl:ene0f J =
::3enari.cumlr.;lclﬁad”, arcFhesState shener: hasEnergy
eneninvali sdenerPowerSequence il sdenerSlot
| henerbelongsTo sarefconsists@f-| |

sdenen:ElapsedSlotTime sdenen StartTime
sdener: RemainingSlotTi m Iﬁg enertarlieststartTime

sdenen ActlveDuratmnMax—‘ sdenerEndTime
[@ stener ActiveDurationMin_| sdener LatestEndTime
sdener, ActiveDurationSumMax | séener: PauseDurationMax |

| sdener: ActiveDurationSumMin | sdenerPauseDurationMin ‘

Figure 5: Power Sequence
Table 4 summarizes the properties that characterize as4ener : Power Sequence.

Table 4: Properties of the PowerSequence

Property Definition
sdener:sequenceld exactly 1 xsd:unsignedint An endpoint-wide unigue sequence identifier.
saref:hasDescription max 1 xsd:string Textual description for the power sequence.
sdener:isStoppable max 1 xsd:boolean If the power sequence is stoppable by the CEM, this

element is TRUE. Otherwise it SHALL be omitted.
sdeefiisPausable max 1 xsd:boolean If the power sequence is pausable by the CEM, this

element is TRUE. Otherwise it SHALL be omitted.
sdener:taskldentifier min 0 xsd:unsignedint Used by a device that wants to uniquely identify

reoccurring types of power sequences. For example,
specific types of washing cycles with specific parameters
SHOULD have the same s4ener:taskldentifier value every
time they are offered using power sequences.

sdener:activeRepetitionNumber max 1 The current repetition of the sequence of slots. SHALL be

xsd:unsignedint present if s4ener:repetitionsTotal is present and has a
value > 1. Otherwise, it SHALL be absent.

sdener:activeSlotNumber max 1 xsd:unsignedint If sdener:PowerSequenceState is set to "running" or

"paused" this element SHALL contain the currently active
slot. Otherwise it SHALL be omitted.

sdener:cheapest max 1 xsd:boolean If present and set to TRUE, the CEM shall try to apply a
configuration that minimizes the user's energy bill for this
power sequence. Absence of this element is equal to the
presence with value FALSE.
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Property

Definition

sd4ener:greenest max 1 xsd:boolean

If present and set to TRUE, the CEM shall try to optimize
the configuration towards the maximum availability of
renewable energy. Absence of this element is equal to the
presence with value FALSE.

sd4ener:maxCyclesPerDay max 1 xsd:unsignedint

The maximum amount of starts that the device allows per
day.

sdener:repetitionsTotal max 1 xsd:unsignedint

If a power sequence repeats its sequence of slots, the
element is present and contains the total number of
repetitions. Absence of the element is equal to a presence
with a value of 0 (zero). SHALL be absent if the value is 1.

sdener:sequenceRemoteControllable exactly 1
xsd:boolean

Whether the sequence is modifiable (if value is TRUE) or
not (if value is FALSE). Modifiability is required to
configure power sequences and slots. It is also required to
change a power sequence state.

s4ener:valueSource min 0 {"measuredValue",
"calculatedValue", "empiricalValue"}

The source (origin/foundation) of the measurement
forecasted values for this power sequence. If absent, the
source is undefined.

sdener:hasEnergy max 1
sd4ener:ResumeEnergyEstimated

The additional energy the device will consume before
resuming its normal operation (after a pause). This is only
an estimated value which will not be added to the value
stated in any slot value information.

saref:hasPrice max 1 s4ener:ResumeCostEstimated

The additional costs for the resumption of a device to its
normal operation (after a pause).

saref:hasState min 1 s4ener:PowerSequenceState

The current state of the power sequence. It can assume
one of the following values:

‘running’, 'paused’, 'scheduled’, 'scheduled paused',
‘pending’, 'inactive', 'completed’ or 'invalid'.

saref:hasTime max 1 s4ener:ActiveDurationMax

The active maximum duration the power sequence can
run without interruption.

saref:hasTime max 1 s4ener:ActiveDurationMin

The active minimum duration the power sequence can run
without interruption.

saref:hasTime max 1
s4ener:ActiveDurationSumMax

The active maximum duration the power sequence can
run in total (summation of all active times).

saref:hasTime max 1 sdener:ActiveDurationSumMin

The active minimum duration the power sequence runs in
total (summation of all active times).

saref:hasTime min 1 s4ener:StartTime

The start time of the power sequence. SHALL be present.

saref:hasTime max 1 s4ener:EarliestStartTime

SHALL state the earliest possible start time for the whole
power sequence.

saref:hasTime max 1 s4ener:EndTime

The end time of the power sequence. If the value is
available, it SHALL be denoted here. Otherwise the
element SHALL be omitted.

saref:hasTime max 1 s4ener:LatestEndTime

The latest possible end time for the whole power
sequence.

saref:hasTime max 1 s4ener:ElapsedSlotTime

If the power sequence state is set to 'running' or '‘paused’
AND the slot is determined, this element CAN contain the
time the slot has already been in 'running’ state (this also
means the value remains constant during a ‘paused’
state). Otherwise it SHALL be omitted.

saref:hasTime max 1 sd4ener:RemainingSlotTime

If the power sequence state is set to 'running' or 'paused'
AND the slot is determined, this element SHALL contain
the time the slot still needs to be in 'running' state (this
also means the value remains constant during a 'paused’
state). Otherwise it SHALL be omitted.

saref:hasTime max 1 s4ener:PauseDurationMax

The maximum duration the power sequence can pause
after the end of an activity.

saref:hasTime max 1 s4ener:PauseDurationMin

The minimum duration the power sequence can pause
after the end of an activity.

425  Slot

Thes4ener : Power Sequence described in clause 4.2.4 consists of one or more slots (s4ener : Sl ot class) and,
inversely, as4ener : Sl ot bel ongs to only and exactly one s4ener : Power Sequence. Figure 6 showsthe

details of the s4ener:Slot class.

ETSI
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sdenerSlot

[ sdenerbelongsTe: sdenerPowerSequence (exactly 1 sdenerPowerSequence)
[ sdenerhasEnergyValueType: sdenenEnergy
[ =denerhasPowerValueType : sdéenerPower

sdenerhasValueType: (minl sdenerEnergy

or sdener:Power)

sarefthasTime : saref: Time (max 1 sdenerStartTime, max 1 sdener:DefaultDuration, max 1 sdenerMinDuration, max 1 sdenerEndTime, max 1 sdenerMz
B sdeneroptionalSlot : boolean[0.1]
I sdenerslotActivated : boolean[0.1]
M sdenenslotMumber : unsignedInt[1..1]

saref:hasDescription : string[0..1]

saref:Energy

T

sdenenEnergy

/s’fener: hasEnergyValueType 1\-\
AeeSlot —| sdener: Power
/ J sdener hasPowerValueType
_—

i

sdener DefaultDuration

saref:Power

sdenerRemainingPauseTime

sdener MinDuration

sdener:MaxDuration sdener: DurationUncertainty

Figure 6: Slot

Table 5 summarizes the properties that characterizeas4ener: Sl ot .
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Table 5: Properties of a Slot

Property Definition
s4ener:slotNumber exactly 1 A power sequence Id-wide unique slot identifier.
saref:hasDescription max 1 Textual description for the slot.
sdener:optionalSlot max 1 It is set to TRUE if the slot can be omitted, otherwise the
element SHALL be omitted or set to FALSE. See note 1.
sdener:slotActivated max 1 If the slot is optional, i.e. s4ener:optionalSlot is set to

TRUE, this element reflects the current status of the slot
(TRUE = the slot will be executed, FALSE = the slot will
not be executed). If the slot is not optional, this element
SHALL be absent.

sd4ener:hasValueType min 1 (s4ener:Energy or The type of energy or power (subclasses of saref:Energy
s4ener:Power) and saref:Power). The energy can be of type
sdener:EnergyMin, s4ener:EnergyMax,
sdener:EnergyExpected,
s4ener:EnergyStandardDeviation or
s4ener:EnergySkewness. The power can be of type
s4ener:PowerMin, s4ener:PowerMax,
s4ener:PowerExpected, s4ener:PowerStandardDeviation
or s4ener: Power Skewness.

saref:hasTime max 1 s4ener:DefaultDuration The duration of the slot (in case of 'determined slot"). If the
slot has a configurable length, this element SHALL reflect
the currently configured length.

saref:hasTime max 1 s4ener:MaxDuration The maximum supported configuration (if the slot has a
configurable duration).
saref:hasTime max 1 s4ener:MinDuration The minimum supported configuration (if the slot has a

configurable duration). Note: this element applies to the
first repetition of the slot number only.

saref:hasTime max 1 s4ener:DurationUncertainty The uncertainty of the duration given in the
s4ener:Duration class.

saref:hasTime max 1 s4ener:StartTime The start time of the slot. SHALL be present.
saref:hasTime max 1 s4ener:EarliestStartTime SHALL state the earliest possible start time for the slot.
saref:hasTime max 1 s4ener:EndTime The end time of the slot. The following equation SHALL

apply: EndTime - StartTime = DefaultDuration.
saref:hasTime max 1 s4ener:LatestEndTime The latest possible end time for the slot.

saref:hasTime max 1 s4ener:RemainingPauseTime |The duration that the current slot permits being paused.
This element SHALL ONLY be present if the power
sequence is interruptible (pausable), i.e.
sarefiisInterrupionPossible has value TRUE.

NOTE 1: This element applies to every repetition of the slot number.

NOTE 2: This element applies to the first repetition of the slot number only.

4.2.6 Load control

This clause presents the part of SAREFAENER that defines how to model events used in, for example, adirect load
management and power curtailing scenarios (i.e. use case 4). The classes of interest are

s4ener: LoadCont r ol Event Dat a, s4ener: LoadCont r ol Event Acti on,

s4ener: LoadCont r ol St at eDat a and s4ener : LoadCont r ol St at e, asshownin Figure7.
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sdenerLoadControlEventData
[ sdenerhasDevice : séenerDevice (min 1 sdenerDevice)
[ sdenertriggersEventActionConsume : sdenerEventActionConsume (min 0 sdenerEventActionConsume)
[ s4enertriggersEventActionProduce @ sdenerEventActionProduce (min 0 sdenenEventActionProduce)
saref:hasTime : sdenerTimePeriod (min 1 sdener:TimePeriod)
B sdenereventlD : unsignedint[0..]
saref:hasTimestamp : dateTime

sdener Device

sdener-hasDevice

sdener ]
[ @ sdenerLoadControlEventAction | séenerLoadContrelEventData
‘ time:TemporalEntity
S ]
AN
sAenertrigger®yentActionConsume
1 saref:hasT sdener: TimePeriod
Aener: EventActionCansume | arernEsime ]
N slener: hasAppliedEventActionCansume
oEonEst sdener. triggersEventActionProduce
I[‘HSAEE:PEUSE”:I sdener: EventActionProduce sdener; State
i o ]
"stcereduce’, owkoneOf I
"sheerincrease”, shener: hasAppliedEventActionProduce Fil
"sheeremergency”,
“sdeemnormal’] [® stener: LoadControlEventState |
| | ["s4enereventAccepted”,
"sdenereventStarted”,
"sdenereventStopped”,
=denerLoadControlStateData sdener: EventStateProduce "sdeneneventRejected”,
owl:oneOf "sAenereventCancelled"”,
"sdenereventError’]

N sdener EventStateConsume /
shener: hasEventStateConsume _ oWhkoneOf

sdener:LoadControlStateData
[ sdenerhasAppliedEventActionConsume : sdenerEventActionConsume (min 0 sdener:EventActionConsume)
[ sdenerhashppliedEventActionProduce : sdenerEventActionProduce (min 0 sdener:EventActionProduce)
[ sdenerhasEventStateConsume : sdener:EventStateConsume (min 0 sdenerEventStateConsume)
[ sdenerhasEventStateProduce : sdener:EventStateProduce (min 0 sdenerEventStateProduce)
M séenereventID : unsignedint
saref:hasTimestamp: dateTime

Figure 7: Load Control

Thes4ener: LoadControl Event Dat a classis used to represent overload warning severity level and related
load control commands to a device. It is characterized by an event ID and atimestamp that represents the time the event
information instance was created or received, and the time period that denotes the period of validity of the event. For
example, 5 minutes ago an event was received which saysthat it shall take effect tomorrow from 14:00 to 15:30. In this
event the timestamp is"5 minutes ago" and time period is "tomorrow from 14:00 to 15:30".

Thes4ener: LoadCont r ol Event Act i on class expresses the type of actionsto be performed as a consequence of
aload control event. A s4ener : LoadCont r ol Event Act i on can be of type "consume" or "produce” to denote
consumption or production of energy or power. Values for both consume and produce actions can be

sd4ener: emer gency, sdener: i ncrease, sdener: nor nal ,s4ener: pause, sdener: reduce,
sdener:resune.

Thes4ener: LoadControl St at eDat a class expresses the data about the state of an event and is characterized
by the same event ID used inthe s4ener : LoadCont r ol Event Dat a class, aswell asatimestamp, and itis
associated to the classs4ener : LoadCont r ol St at e, which can be of type "consume" or "produce” - analogously
to aload control event action — and expresses the possible states of aload control event. Values for both consume and
produce load control states can be s4ener : event Accept ed, s4ener: event Start ed,

sd4ener: event St opped, sdener: event Rej ect ed, s4dener: event Cancel | ed, or
s4ener:eventError.

4.3 Observations about SAREF4ENER

The extension for the energy domain presented in the present document was originally called SAREF4EE, since it was
created for the Energy@Home and EEBus associations [i.1]. However, in the present document the extension has been
renamed to SAREF4ENER according to the naming convention for SAREF extensions adopted in the ETSI

TR 103 411 [i.4] (i.e. SAREFAX XXX, where XXXX are letters that describe the domain for which the extension was
created).
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The present document describes the concepts for the use case 2 (smart energy management), and the use case 4
(representation of eventsin case of direct load management and power curtailing) elaborated in clause 5.1.1 in ETSI

TR 103 411 [i.4]. However, the present document does not include the concepts for the use case 1 (exchange
configuration information of devicesin order to connect to each other) and the use case 3 (monitor and control the start
and status of the appliances), since these concepts at the time of publication are under discussion between the
Energy@Home and EEBus associations and NOT yet included in the SPINE specification in [1]. For the sake of

compl eteness, these concepts are included in the annex B of the present document as informative, but they are NOT part
of the current release of SAREFAENER.
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Annex A (informative):
Approach

The approach that was followed to create SAREF4ENER is a combination of bottom-up and top-down steps, as shown
in Figure A.1. The (bottom-up) starting point is given by the two existing data models of E@H (an UML class diagram)
and EEBus (the X SDs specification). These two data models focus on similar concepts, such as the concept of " power
profile", but they use different terminologies. For example, E@H defines "power profiles’, "modes’ and "phases’,
while EEBus refers to these concepts as " power sequences’, "aternatives' and "slots'. In order to converge to a shared
terminology, experts of EEBus and E@H preliminarily defined a common specification [1] that was subsequently used
by TNO as basis for creating SAREFAENER.

The preliminary phase was followed by a kick-off workshop in which the experts of EEBus and E@H presented the
details of their individual data models, i.e. EEBus (XSDs) and E@H (UML), and also their common data model, the
EEBus & E@H (UML+XSDs) model.

Top-down
Starti_ng_ point SAREE
(wetng 4. Integration of EEBus and E@H
Rt oo || ; ontologies into SAREFAEE
Final result using SAREF
(extended ontology :
for EEBus & E@H, _~ SAREF4EE o
SAREF compliant) L 3, » N3 3. Merging of EEBus and E@H

ontologies into SAREF4EE
(supported by common model)

Intermediary result .
(intermediate ontologies, EEBus 3 E@H
can be discarded)

2. Mapping (1 to 1) from the
I existing XSD specification and
EEBus & E@H 2 . EEBus &E@H b 2 UML model to OWL ontologies
common data model P 4 ™ (supported by common model)

| J 1. Merging of existing EEBus
Starting point EEB E@H specification (XSD) and E@H
(existing data models) == e model (UML) into common
L model (XSD+UML)

Bottom-up
Figure A.1: Approach

Since the existing EEBus and E@H data models were expressed in different formats, i.e. XSD and UML, and
SAREF4ENER had to be expressed in OWL as an extension of SAREF, these data models were first trandated into
corresponding OWL versions that could be used as intermediate ontol ogies towards the creation of SAREF4ENER. The
transformations UML - OWL and XSD - OWL were performed manually, but existing tools can be used to automate
this step (for example, TopBraid Composer™ Maestro Edition). The outcomes of these transformations were the EEBus
(OWL) and E@H (OWL) intermediate ontologies in Figure A.1. The reason to create these two separate intermediate
ontol ogies was practical. The common EEBus & E@H data model is a merged model whose parts could be
straightforwardly identified as coming either from the EEBus or the E@H data model. Given that the EEBus and E@H
experts were not yet (completely) acquainted with ontologies and OWL, their review process was facilitated by
separating the generation of an OWL version in two parts. In this way, these experts could focus on their own part,
namely EEBus or E@H, instead of having to deal with asingle, large and more complex ontology. Moreover, these
intermediate ontol ogies can be reused individually by the two associations if they decide to make use of an OWL
version of their own data model in the future.

NOTE: TopBraid Composer Maestro Edition™ is an example of a suitable product available commercialy. This
information is given for the convenience of users of the present document and does not constitute an
endorsement by ETSI of this product.

After receiving and incorporating the feedback from EEBus and E@H experts, the two intermediate ontologies were
merged into afirst version of SAREF4ENER, as depicted by step 3 in Figure A.1. Sincethisinitial SAREFAENER
version was obtained by making a one-to-one mapping of existing data models that were implementation-driven rather
than conceptual specifications, it was necessary to:

1) cleanse unnecessary redundancy, e.g. redundancy of data type properties carrying the same semantics,
especially when expressing time-related information and unit of measures; and
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2) create axioms that were absent in the original data models. While doing so, a top-down approach starting from
SAREF was taken, as depicted by step 4 in Figure A.1. SAREF contains concepts that are rather high-level
and needed further specialization into a finer-grained level of detail to accommodate the specific requirements
of the EEBus and E@H use cases.

Therefore, when creating SAREF4ENER, classes and properties of SAREF were reused and specialized where possible,
while SAREF was extended with new classes and properties where it did not suffice for the purpose.

In particular:

. Only asubset of concepts defined in SAREF was reused, i.e. saref:Device, saref:Profile, saref:State,
saref:Energy, saref:Power, saref:UnitOfMeasure and saref: Time.

e  Thesaref:Device and saref:Profile classes were specialized in the more specific s4ener:Device and

HAener:PowerProfile subclasses, respectively. Devices and power profilesin SAREFAENER have specific
properties for EEbus and E@H that do not apply to all SAREF devices and profiles.
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Annex B (informative):
Additional concepts

This annex presents some additional concepts concerning how devices can exchange configuration information on their
mutual functionality in order to connect to each other (i.e. use case 1), and how the start and status of the appliances can
be monitored and controlled (i.e. use case 3). These use cases are elaborated in clause 5.1.1 in ETSI TR 103 411 [i.4].
Note that the concepts described in the present annex are NOT part of the current release of SAREF4ENER, since at the
time of publication of the present document they are under discussion between the Energy@Home and EEBus
associations, and NOT yet included in their common specification in [1]. Note also that the concepts shown in this
Annex still use the prefix s4ee: because they are part of the first extension created for the Energy@Home and EEBuUs
associations that was called SAREFAEE. These SAREF4EE concepts are not part yet of the extension that is now called
SAREF4ENER, therefore they keep the s4ee: prefix.

The classes of interest for the use case 1 are s4ee: Devi ce, s4ee: Addr ess, s4eeDevi ceConnecti on,
s4eeDevi ceConnect i onSet up, s4eeNat i veSet up, s4eeCandi dat eSet up, s4eeScanSet up and
s4eeJoi nMbdeConfi gur ati on, asshown in Figure B.1.

@ saref:Device

D sdeeDevice
[ sdeeexposes : sdee:PowerProfile (max 1 sdee:PowerProfile)
[ sdee:hasConnection : sdee:DeviceConnection (min 0 sdee:DeviceConnection)
[ sdeehasNodeAddress: (min 0 sdee:Address)
B sdeebrandName : string
I sdee:deviceCode : string
I sdee:deviceName : string
B sdeehardwareRevision : string
B sdezmanufacturerDescription : string
B sde=manufacturerLabel : string
M sdeemanufacturerNodeldentification : string
B sdee:powerSource : {"unknown” , "mainsSinglePhase” , "mains3Phase”, "battery”, "dc”}
M sdeeserialNumber : string
B sdeesoftwareRevision : string
B sdeevendorMame : string

© sdeeDeviceConnection
[ sdeehasNativeSetup : sdee:NativeSetup (min 1 sdee:NativeSetup)
i sdeeisinitializedWith : sdee:DeviceConnectionSetup (min 0 sdee:DeviceConnectionSetup)
saref:hasState : sdeeDeviceConnectionState (max 1 sdeeDeviceConnectionState)

1
]

O sdee:MACaddress

I O sdee:DeviceConnectionState ]
0 sdee:lPaddress | |

| @ sdee:DeviceConnectionSetup |

— TN

) sdee:CandidateSetup ® sdee:ScanSetup
B sdeesetUpUsableForAdd : boolean(l.1] B sdeetimeout : duration[0..]

I @ sdeedoinModeConfiguration |

Figure B.1: Configuration

The classes of interest for the use case 2 are s4eeAppl i ance, s4eeAppl i ancePar anet er,

s4eeAppl i ancePar anet er Tabl e, s4eePar anet er Tabl ePoi nt , s4eeVal ue,

s4eeAppl i ancePar anet er St at e, s4eeAppl i anceWor ki ngvbde, s4eeAppl i ancePar anet er Set
s4eeAppl i ancePar anet er Setti ngs, s4deeExpr essi on, s4eeApplianceParameterCompatibilityAction,
s4eeApplianceControl and s4eeAppl i anceMbni t or.
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A s4eeAppl i ance isasaspecidization of as4eeDevi ceand therefore also a specialization of a
sar ef : Devi ce, asshownin Figure B.2.

saref:Device

T

sdee:Device

7

sdes:fppliance

[ s4eesthasListOfAction @ sdeesApplianceParameterCompatibilityAction (min 0 sdes:ApplianceParameterCompatibilityAction)
[ sdeethaslistOfControl : sdeetApplianceControl (min 0 sdee:ApplianceControl)

M sdeesthaslistOfMode : sdeeApplianceWorkingMode (min 0 séeeipplianceWarkingMode)

[ sdeethaslistOfMonitor : sdee:ApplianceMonitor (min 0 sdee:ApplianceMonitor)

M sdeethaslistOfParameter: sdeetApplianceParameter (min 0 sdee:ApplianceParameter)

[ s4eesreceives : sdee:DemandResponsebventData (min 0 sdee:DemandResponsebventData)

Figure B.2: Appliance

A s4eeAppl i ance islinked to parameters, available working modes, controls and measurements, as follows:

. It hasalist of zero or more parameters (s4eeAppl i ancePar anet er classin Figure B.3), each
representing a particular function mode such as " Temperature", "Spin", "Prewash" or "lIron Min":

Each sAeeApplianceParameter is described by s4eeParameterTable, which can be of type
HAeeStepParameter Table, sAeePointwiseParameterTable, s4eeBooleanParameterTable or
HAeeDateParameter Table. All these tables define the type of permission for a certain parameter (i.e. "read
only", "write only" or "read and write") and its unit of measure (saref:isMeasuredin property). The
HAeeStepParameter Table is additionally characterized by at |east one minimum value, number of set
points and steps. The sAeePointwiseParameter Table is characterized by a point with one or more values

(sAeehasPoint min 1 property) described by the sAeeParameter T ablePoint class.

Each sAeeApplianceParameter is associated to a state (saref:hasState exactly 1
AeeApplianceParameterState) which can be used to represent the actual parameter values by means of
the sdeeApplianceMonitor class, and to set new values by means of the s4eeApplianceControl class.
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sdee:ApplianceParameter
[ sdeethasTable : sdeeApplianceParameterTable wdeeState
sarefthasState : sdeetApplianceParameterState (exactly 1 sdeeApplianceParameterState)
I sdee:parameterld : unsignedInt(1..1]
sarefthasDescription : string[0..1] L/I}‘

saref:hasState 4 sdeetApplianceParameterState
saref:hasValue

&

sdeesApplianceParameterTable
sarefiisMeasuredIn : saref:UnitOfMeasure (min 1 saref:UnitOfMeasure)
M sdeepermissions : {"read only” , "write only”, "read and write"}{1..]

_— -

sdee:BooleanParameterTable

sdee:DateParameterTable

sdee:PointwiseParameterTable

[ s4eethasPoint : sdee:ParameterTablePoint (min 1 sdee:ParameterTablePoint)

AeehasPoint sdeeStepParameterTable

edeeParameterTablePoint [ sdeehasValueType : sdeeiMinValue (min 1 sdeeMinValue)
saref:hasValue : int[1.] | 54ee:num5letl30mts: int[1..]
B sdeeistep: int[l.]

sleethasValueType

sdeeMinValue

Figure B.3: ApplianceParameter

. It has alist of zero or more working modes (s4eeAppl i anceWr ki nghMbde classin Figure B.4) each
representing a particular working mode such as " Synthetics', "Mix 30" or "Super Cool":

A working mode hasan ID (s4eewor ki nghbdel d exact|y 1 property), aname

(saref: hasNane exactly 1 property) and alist of zero or more sets

(sd4eeAppl i ancePar anet er Set class) representing the sets of enabled parameters for that working
mode. A sdee: Appl i ancePar anet er Set can have zero or more settings

(sd4eeAppl i ancePar anet er Set t i ngs class)and is selected according to certain conditions
defined inthe s4eeExpr essi on class. The set "0" isthe default set and is selected when no condition
istrue:

Thes4ee: Appl i ancePar anet er Set t i ngs classis characterized by the parameter 1D
(sd4eeparaneterld exactly 1 property) and anumber of values for that parameter that are
subclass of the s4eeVal ue class, i.e. s4eeAvoi dedVal ue (list of not admitted values),

s4ee: Def aul t Val ue (default value of the parameter), s4eeMaxVal ue (maximum value that
the parameter could be set) and s4eeM nVal ue classes (minimum value that the parameter could
be set). Thes4eeAppl i ancePar anet er Set t i ngs class aso has a boolean property to
specify whether the settings under consideration are active or not (s4eei sAct i ve property).

The sAee: Expr essi on classis characterized by avalue (s4eehasVal ueType exactly 1
property), the parameter 1D (s4eeparameterld exactly 1 property) that identifies the parameter
whose current set point has to be compared, a math operator s4eermat hOper at or exactly 1
property) suchas"==","1="">" "<" to define set points equal, different, above or below the
expression value, and logical connectives (s4eel ogi cal Connecti ve min 0 property) such
as"AND" and "OR" that could be used to connect different expressions.
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© sdee:ApplianceWorkingMode
[ sdeehaslistOf : sdee:ApplianceParameterSet (min 0 sdee:ApplianceParameterSet)
B sdeezworkingModeld : unsignedint{1..1]
saref:hasMName : string([1..1]

shee:hasListOf

@ sdee:ApplianceParameterSet
W sdee:haslistOfExpression : sdee:Expression (min 0 sdee:Expression)
M sdee:haslistOfSetting : sdee:ApplianceParameterSettings (min 0 sdee:ApplianceParameterSettings)

sdee:hasListOfExpression

@ sdee:Expression
[ sdee:hasValueType : sdee:Value (exactly 1 sdee:Value)
M sdee:logicalConnective : {"AND", "OR"}{0..]
B sdeemathOperator: {"==", "!=", "™>", "<"}[1.1]
Bl sdee:parameterld : unsignedint{l..1]

___"s-lce.-h.ssLustOFSr:{tung

@ sdee:ApplianceParameterSettings
[ sdee:hasListOfValue : sdee:AvoidedValue (min 0 sdee:AvoidedValue)
W sdeechasValueType : sdeeValue (exactly 1 sdee:DefaultValue, max 1 sdee:MaxValue, max 1 sdee:MinValue)
I sdeeiisActive : boolean[1.1]
I sdee:parameterld : unsignedint([1..1]

— sdeehasValueType

OETAS. © sdeeValue
saref:hasValue : double[0..]

=

® sdee:MaxValue ® sdee:MinValue

@ sdee:DefaultValue
saref:hasValue : int[0.<g

[sdeehasListOfValue

O sdee:AvoidedValue
saref:hasValue: int[0..]

Figure B.4: ApplianceWorkingMode

. It has alist of zero or more actions to be executed in case of incompatibility with other parameters
(s4ee: Appl i ancePar anet er Conpati bi | i t yActi on classin Figure B.5):

- Thes4eeAppl i ancePar anet er Conpati bi |l i t yActi on class specifiesincompatible
parameters (s4eehasAf f ect edPar anmet er m n 1 property), and has at |east one expression
(s4eehasExpressi on m n 1 property). If thisexpression turns TRUE, then one of the following
types of actions will be executed:

. SAeeaction 1 reset to OFF value (reset).

*  Sleeaction 2 disabled (disabled).

" HAeeaction 3 set_ to MaxValue (set to maximum value).
. HAeeaction 4 set_to default value (set to default value).

The property s4eehasVal ue min 0 sd4eeMaxVal ue expresses the maximum value to be used in case of
s4eeaction_3 set to_ MaxVal ue.
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A

sdee:ApplianceParameterCompatibilityAction

[ s4eehasAffectedParameter : sdeeApplianceParameter (min 1 s4eeApplianceParameter)
[ s4eethasExpression : sdee:Expression (min 1 s4eeExpression)
[ s4eethasValueType : sdeeMaxValue (min 0 sdesMaxValue)

sdeehasValueType

sdeeValue

sdee:MaxValue

sdeehasAffectedParameter

sarefthasValue : doublel0..] <] _

sdee:ApplianceParameter

wlee:hasValueType

[ s4eeshasTable : sdeesApplianceParameterTable

sarefihasbtate : sdesApplianceParameterState (exactly 1 sdeeiApplianceParameterState)
M sdeeparameterld : unsignedint(1..1]

saref:hasDescription : string[0..1]

eethasExpression

shee:Expression
[ sdeethasValueType: sdeeValue (exactly 1 sdeeValue)
M s4eeslogicalConnective : {"AND", "OR"}[0..]
B sdeemathOperator: {"==""l="_"»" "<"}1.1]
M s4eeparameterd : unsignedint{1..1]

Figure B.5: ApplianceCompatibilityAction

It has alist of zero or more measurements that represent the actual parameter values for the appliance
(s4eeAppl i anceMbni t or classin Figure B.6). These measurements can be sent by the appliance
automatically as a status notification, or after a specific request from the CEM. The notification contains the
information related to the current state of the appliance, i.e. parameter 1D, its current value and, optionally, the

maximum and minimum values that the parameter can assume.

It has alist of zero or more control actions (s4eeAppl i anceCont r ol classin Figure B.6), such as
command actuation or the setting of working modes and parameters, to control zero or more states of the
appliance (s4eeAppl i ancePar anet er St at e class). Thes4eeAppl i anceCont r ol classaso hasa
boolean property to specify whether the controls under consideration are active or not (s4eei sActi veyi oy

property).

@ sdee:ApplianceControl

B sdeetisActive : boolean[1..1]

[ sdee:controls : sdee:ApplianceParameterState (min 0 sdee:ApplianceParameterState)

O sdee:State

© sdee:ApplianceParameter

4 sde&controls

@ sdee:ApplianceParameterState
saref:hasValue

‘wleemonitors

M sdee:hasTable : sdee:ApplianceParameterTable

P | saref:hasState : sdee:ApplianceParameterState (exactly 1 sdee:ApplianceParameterState)
saref:hasState B sdee:parameterld : unsignedint[1.1]

saref:hasDescription : string[0..1]

@ sdee:ApplianceMonitor

[ sdee:hasValueType : sdee:Value (max 1 sdee:MinValue, max 1 sdee:MaxValue)
[ sdee:monitors : sdee:ApplianceParameterState (exactly 1 sdee:ApplianceParameterState)

O sdee:Value

___,_._——-—‘D saref:hasValue : double[0..]
) sdee:MaxValue

7

@ sdeeMinValue

Figure B.6: ApplianceMonitor and ApplianceControl
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Annex C (informative):
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oneM2M TS-0001: "Functional Architecture”.

oneM2M TS-0002: "Requirements’.

ETSI, European Commission and TNO: " Study on Semantic Assets for Smart Appliances I nteroperability”,
final report, April 2015.

NOTE: Available at https://sites.google.comV/site/smartappliancesproject/deliverabl es.
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