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1. Introduction

SAREFA4EE is the extension of SAREF for the EEbus-E@h project. In the ontology documentation
available online’ and in this document we distinguish between SAREF and SAREFAEE using the
prefixes sar ef . and s4dee:, respectively.

In order to demonstrate product interoperability and the capability to fulfill Demand Response
scenarios, SAREFAEE represents the information exchanged in various use cases’ commonly defined
by the Energy@Home and EEbus associations. The information represented in SAREF4EE can be
categorized as follows:

1. Configuration information exchanged in the use case "Remote Network Management" between

devices that want to connect to each other. For example, a new dishwasher that wants to
register to a Customer Energy Manager (CEM) in the cloud or on a gateway, as it is shown in
Figure 1. The source used for defining the configuration information in SAREF4EE is the EEBus
Technical Report, Protocol Specification- Remote Network Management, version 1.0.0.2, 2015-
09-19.
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Figure 1- Remote Network Management: new appliance registration

! Temporarily available at http://ontology.tno.nl/saref4ee, it may be moved to an Energy@Home or EEbus server later on
2 Assumptions for these use cases are that i) Multi-tariffs and Incentives to consume\curtail are available; ii) Information
from smart meter is available On Demand; iii) User Ul will be on Smart phone\Tablet; iv) CEM can be either in cloud oron a
gateway.




Schedule information exchanged in the use cases "Appliance scheduling through CEM and

remote start" (see Figure 2.a) and "Automatic cycle rescheduling" (see Figure 2.b). The source

used for defining the schedule information in SAREFAEE is the General Message Structures,

version 0.1.1, 2015-10-07.
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Figure 2- Appliance (re)scheduling

Monitoring and control information exchanged in the "Communicate appliance status and

information on manually planned cycles" use case shown in Figure 3. The source used for

defining the monitoring and control information in SAREF4EE is the Energy@Home Data Model

version 1.0.
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Figure 3- Appliance status and information on manually planned cycles

Event-based information exchanged in the use case "Demand Response" to model demand

response events such as, for example, the direct load management and power curtailing shown



in Figure 4. The source used for defining the event based information in SAREF4EE is the General

Message Structures, version 0.1.1, 2015-10-07 specification3.
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Figure 4- Direct load management and power curtailing

The next sections describe the classes and properties of SAREFAEE. For the sake of readability, we
structured the presentation according to the different types of information mentioned above,
namely configuration information, schedule information, monitor and control information, and
event-based information.

2. Configuration Information

This section addresses the use case "Remote Network Management" that describes how devices can
exchange configuration information on their mutual functionality in order to connect to each other.
The classes of interest are s4ee: Devi ce, s4ee: Addr ess, s4ee: Devi ceConnecti on,
s4ee: Devi ceConnect i onSet up, s4ee: Nat i veSet up, s4ee: Candi dat eSet up,
s4ee: ScanSet up and s4ee: Joi nMbdeConf i gur ati on, as shown in Figure 5.

A sdee: Devi ceisasubclass of a sar ef : Devi ce, i.e,, it inherits the properties of the more
general sar ef : Devi ce extending it with additional properties that are specific for SAREF4EE.
When connecting to another device, such as the CEM, a s4ee: Devi ce can be associated to zero
or more node addresses using the s4ee: hasNodeAddr ess property. The details of the

s4ee: Addr ess class are out of the scope of SAREF4EE since they depend on specific
implementations technologies. Figure 5 shows that we indicate two possible types of addresses as
examples, i.e., sd4ee: | Paddr ess and sd4ee: MACaddr ess, but any other type of address can be
added to accommodate different needs.

* Note that it is emphasized there that the one described is only a temporary specification: “it is expected a
future COSEM specification to replace it, since COSEM has been chosen for everything coming from the Smart
Meter side (such as demand response)”.



saref:Device

i saref:lsUsedFor : saref:Commodity or saref:Property or saref:BuildingObject
M saref:accomplishes : saref:Task (min 1 saref:Task)
M saref:consistsOf : saref:Device
M saref:hasCategory : saref:DeviceCategory
M saref:hasFunction : saref:Function (min 1 saref:Function)
M saref:hasProfile : saref:Profile
M saref:hasState : saref:State
M saref:hasTypicalConsumption : saref:Energy or saref:Power
M sarefiisLocatedIn : saref:BuildingSpace
M saref:offers : saref:Service
saref:hasDescription : string[0..1]
saref:hasManufacturer : string(1..1]

saref:hasModel : string[1..1]

@ sdee:Device

(M sdee:exposes : sdee:PowerProfile (max 1 sdee:PowerProfile)

(M sdee:hasConnection : sdee:DeviceConnection (min 0 sdee:DeviceConnection)
(M sdee:hasNodeAddress: (min 0 s4ee:Address)

M sdee:brandName : string

M sdeexdeviceCode: string

M sdee:deviceName:: string

B sdee:hardwareRevision : string

Ml sdee:manufacturerDescription : string

I sdeezmanufacturerLabel : string

M sdeezmanufacturerNodeldentification : string

B sdee:powerSource : {"unknown", "mainsSinglePhase” , "mains3Phase”, "battery”, "dc"}
I sdee:serialNumber : string
I sdee:softwareRevision : string
I sdee:vendorName : string

N
@ s4ee:DeviceConnection

/ (M sdee:hasNativeSetup : sdee:NativeSetup (min 1 s4ee:NativeSetup)
{ [ sdeeisInitializedWith : sdee:DeviceConnectionSetup (min 0 s4ee:DeviceConnectionSetup)
/ M saref:hasState : sdee:DeviceConnectionState (max 1 sdee:DeviceConnectionState)

© sdee:Address , seehasNativeSetup

@ sdee:NativeSetup

@ sdee:MACaddress

@ sdeelPaddress

© sdee:State

sar$ha55tate

© sdee:DeviceConnectionState

SseeisnitializedWith

@ sdee:DeviceConnectionSetup

/V A
@ sdee:CandidateSetup
I sdee:setUpUsableForAdd : boolean(1..1]

@ sdee:ScanSetup

I sdeetimeout : duration[0..]

@ sdee:JoinModeConfiguration

Figure 5 — s4ee:DeviceConnection, s4ee:DeviceConnectionSetup, sdee:Address classes and their properties

3 types:
s4ee: Candi dat eSet up which represents the information necessary to initially connect

to the device;

The s4ee: Devi ceConnect i on class models the connection of a device with another device in
the network. In particular, a s4ee: Devi ce can have zero or more connections at the same time
(s4ee: hasConnect i on property). Before the connection is established there is an initialization
that may consists of zero or more setup phases (s4ee: Devi ceConnecti on
sdee:islnitializedWth mn O s4ee: Devi ceConnecti onSet up). These setup
phases are subclasses of the s4ee: Devi ceConnect i onSet up class and can be of the following



accessible in the network; and

s4ee: ScanSet up which represents the information about which other devices are

s4ee: Joi nMbdeConf i gur ati on which represents alternative information to scan

setup for configuring the default or “background” behaviour of the native communications

technology implementation with regards to the announcement or acceptance of other

devices.

Once a device connection is established, it is then characterized by a s4ee: Nati ve Set up,
which specifies the information about the connection with a certain device. Finally, the device

connection is characterized by a state (optional) specified by the
sdee: Devi ceConnecti onSt at e class, which is a subclass of the s4ee: St at e class and can
assume one of the following values: “added”, “f ai | ed”, “nodi fi ed”, “renoved” or

“succeeded”.

3. Schedule information

The classes of interest for the "Appliance scheduling through CEM and remote start" and "Automatic
cycle rescheduling" use cases are sd4ee: Devi ce, sd4ee: Power Profil e,
sd4ee: Alternati ve,sd4ee: Power Sequence and s4ee: Sl ot, which are shown in Figure 6.
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M saref:IsUsedFor : saref:Commodity or saref:Property or saref:BuildingObject
M saref:accomplishes : saref:Task (min 1 saref:Task)
1 saref:consistsOf : saref:Device
I saref:hasCategory : saref:DeviceCategory
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M saref:offers : saref:Service
saref:hasDescription : string[0..1]
saref:hasManufacturer : string[1..1]

saref:hasModel : string[1..1]

sdee:Device

I sdee:exposes : sdee:PowerProfile (max 1 sdee:PowerProfile)

M sdeehasConnection : sdee:DeviceConnection (min 0 sdee:DeviceConnection)
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M saref:hasTime : saref:Time
saref:hasTask : string[1.1]
sarefisFlexible : boolean
saref:isInterrupionPossible : boolean

sdee:PowerProfile

shee:belongsTo sdeeexposes

M sdee:belongsTo : sdee:Device (exactly 1 sdee:Device)
M sarefic Al i i

istsOf : s4 (min 1 sdee:Al

sdee:alternativesCount : integer(1..1]
sdee:nodeRemoteControllable : boolean[1..1]
sdee:supportsReselection : boolean[1..1]
sdee:supportsSingleSlotSchedulingOnly : boolean(1.1]
ignedint{1..1]
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sdee:Alternative

M saref:hasState : sdee:PowerSequenceState (min 1 sdee:PowerSequenceState)

sdee:acti

sdee:activeS

sdee:cheapest : boolean([0..1]

sdee:greenest : boolean[0..1]

sdeezmaxCyclesPerDay : unsignedint(0..1]
deerrepetitionTotal : dInt{0..1]

sdee:sequenceld : unsignedint[1..1]
4 R

Rep Number : dint[0..1]
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" lueS.

M saref:hasTime: (max1 sdee:RemainingSlotTime, max 1 sdee:PauseDurationMin, max 1

e:{" dValue”, "calc ", "empiricalValue"}{0..]
saref:hasDescription : string[0..1]
saref:hasTask : string[0..]
saref:isFlexible : boolean[0..1]
f:islh pionPossible : boolean[0.1]

saref:consistsOf

saref:consistsOf

shee:belongsTo

M sdee:belongsTo : sdee:P. rofile (exactly 1 sdee: rofile)
M saref:consistsOf : sdee:P Sequence (min 1 sdee:PowerSequence)
sdee:PowerSequence
4ee:bels To : sdee:Alternative (exactly 1 sdee:Alt sdee:belongsTo
M sdee:hasEnergy : sdee:R EnergyE: d (max1 sdee:R EnergyE:
ref:consistsOf : sdee:Slot (min 1 sdee:Slot)
f-hasPrice : sdeeR Ecti d (max1 sdeeR Ecti n

sdee:Slot
M sdee:belongsTo : sdee:PowerSequence (exactly 1 sdee:PowerSequence)
M sdee:hasEnergyValueType : sdee:Energy
M sdee:hasPowerValueType : sdee:Power
sdee:hasValueType: (min1 sdee:Energy
~ or sdee:Power)
1 saref:hasTime : saref:Time (max 1 sdee:LatestEndTime, max 1 sdee:MinDui
sdee:optionalSlot : boolean([0..1]
sdee:sequenceld : unsignedint{1..1]
sdee:slotActivated : boolean[0..1]
4 : unsignedint{1..1]
saref:hasDescription : string[0..1]

Figure 6 - s4ee:Device, sdee:PowerProfile, s4ee:Alternative, sdee:PowerSequence, sdee:Slot classes and their properties



Asdee: Power Profil eisasubclassofasaref: Profile,i.e., itinherits the properties of the
more general sar ef : Pr of i | e extending it with additional properties that are specific for
SAREFAEE. The s4ee: Power Prof i | e is used by a s4ee: Devi ce to expose the power
sequences that are potentially relevant for the CEM. A s4ee: Devi ce can expose at most one
s4ee: Power Pr of i | e, which consists of one or more alternative plans (s4ee: Al ternati ve
class). As4ee: Al t er nati ve consists of one or more power sequences

(s4ee: Power Sequence class), and a s4ee: Power Sequence consists of one or more slots
(sdee: Sl ot class). Inversely, asd4ee: Sl ot belongs to only and exactly one

s4ee: Power Sequence, which, in turn, belongs to only and exactly one s4ee: Al ternati ve,
which, in turn, belongs to only and exactly one s4ee: Power Prof i | e. As4ee: Power Profile
belongs to only and exactly one s4ee: Devi ce.

Table 1 summarizes the properties that characterize a s4ee: Power Profi | e.

Property Definition

s4ee:alternativesCount exactly 1 xsd:integer Number of alternatives provided by a power profile.

s4ee:nodeRemoteControllable exactly 1 Whether the device is configured for remote control by

xsd:Boolean the CEM. This refers to the selection chosen by the user
on the remote control feature of the device.

sdee: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.

s4ee:supportsSingleSlotSchedulingOnly exactly 1 Whether the device permits the modification of more

xsd:boolean than one slot per configuration command. If set to TRUE
the device does NOT permit this modification.

sdee:totalSequencesCountMax exactly 1 Total number of sequences supported by the device, i.e.,

xsd:unsignedInt the sum of all power sequences across all alternatives.

Table 1 - Properties of the sdee:PowerProfile class

Table 2 summarizes the properties that characterize a s4ee: Power Sequence.

Property Definition

s4ee:sequenceld exactly 1 xsd:unsignedInt An endpoint-wide unique sequence identifier.
saref:hasDescription max 1 xsd:string Textual description for the power sequence.
sarefiisFlexible max 1 xsd:Boolean If the power sequence is stoppable by the CEM, this
(called “isStoppable” in EEbus) element is TRUE. Otherwise it SHALL be omitted.
sarefiisinterrupionPossible max 1 xsd:Boolean If the power sequence is pausable by the CEM, this
(called “isPausable” in EEbus) element is TRUE. Otherwise it SHALL be omitted.
saref:hasTask min 0 xsd:string Used by a device that wants to uniquely identify
(called “taskidentifier” in EEbus) reoccurring types of power sequences. For example,

specific types of washing cycles with specific parameters
SHOULD have the same saref:hasTask value every time
they are offered using power sequences.

s4ee:activeRepetitionNumber max 1 The current repetition of the sequence of slots. SHALL be

xsd:unsignedInt present if s4ee:repetitionsTotal is present and has a value
> 1. Otherwise, it SHALL be absent.

s4ee:activeSlotNumber max 1 xsd:unsignedInt If s4ee:PowerSequenceState is set to "running" or

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

s4ee:cheapest max 1 xsd:boolean If present and set to TRUE, the CEM shall try to apply a




configuration that minimises the user’s energy bill for this
power sequence. Absence of this element is equal to the
presence with value FALSE.

s4ee:greenest max 1 xsd:boolean

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

s4ee:maxCyclesPerDay max 1 xsd:unsignedInt

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

s4ee:repetitionTotal max 1 xsd:unsignedInt

If a power sequence repeats its sequence of slots, the
element MUST be 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.

s4ee: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.

s4ee:valueSource min 0 {"measuredValue",

non

“calculatedValue", "empiricalValue"}

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

s4ee:hasEnergy max 1
s4ee: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 s4ee:ResumeCostEstimated

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

saref:hasState min 1 s4ee: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 s4ee:ActiveDurationMax

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

saref:hasTime max 1 s4ee:ActiveDurationMin

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

saref:hasTime max 1 s4ee:ActiveDurationSumMax

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

saref:hasTime max 1 sdee:ActiveDurationSumMin

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

saref:hasTime min 1 s4ee:StartTime

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

saref:hasTime max 1 sdee:EarliestStartTime

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

saref:hasTime max 1 s4ee: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 s4ee:LatestEndTime

The latest possible end time for the whole power
sequence.

saref:hasTime max 1 s4ee: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 s4ee: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 s4ee:PauseDurationMax

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

saref:hasTime max 1 s4ee:PauseDurationMin

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

Table 2 - Properties of the s4ee:PowerSequence class

Table 3 summarizes the properties that characterize a s4ee: Sl ot .

Property

Definition

s4ee:slotNumber exactly 1

A power sequence Id-wide unique slot identifier.

saref:hasDescription max 1

Textual description for the slot.

sdee:sequenceld exactly 1

Endpoint-wide unique identifier of the power sequence
to which the slot belongs to.

s4ee:optionalSlot max 1

It is set to TRUE if the slot can be omitted, otherwise the
element SHALL be omitted or set to FALSE. Note: this
element applies to every repetition of the slot number.

sdee:slotActivated max 1

If the slot is optional, i.e. s4ee: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.

s4ee:hasValueType min 1 (s4ee:Energy or
s4ee:Power)

The type of energy or power (subclasses of saref:.Energy
and saref:Power). The energy can be of type
sd4ee:EnergyMin, s4ee:EnergyMayx, s4ee:EnergyExpected,
sd4ee:EnergyStandardDeviation or s4ee:EnergySkewness.
The power can be of type s4ee:PowerMin,
s4ee:PowerMax, s4ee:PowerExpected,
sdee:PowerStandardDeviation or s4ee: Power Skewness.

saref:hasTime max 1 s4ee: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 s4ee:Duration

The duration of the slot (if the slot has a configurable
length). Otherwise it CAN state the fixed duration of the
slot.

saref:hasTime max 1 s4ee:MaxDuration

The maximum 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 s4ee: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 s4ee:DurationUncertainty

The uncertainty of the duration given in the
s4ee:Duration class.

saref:hasTime max 1 sdee:StartTime

The start time of the slot. SHALL be present.

saref:hasTime max 1 sdee:EarliestStartTime

SHALL state the earliest possible start time for the slot.

saref:hasTime max 1 s4ee:EndTime

The end time of the slot. The following equation SHALL
apply: EndTime - StartTime = DefaultDuration.

saref:hasTime max 1 s4ee:LatestEndTime

The latest possible end time for the slot.

saref:hasTime max 1 s4ee: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.,
sarefisInterrupionPossible has value TRUE.

Table 3 - Properties of the s4ee:Slot class

Figure 7 shows a sample instance of a power profile, called s4ee: Power Profi |l e _Devi cel,
which belongs to an instance of a device called s4ee: Devi ce_1 and consists of two possible

alternatives. In particular, the first alternative, called




sd4ee: Alternativel PowerProfil e Devicel, consists of a power sequence called
sdee: Power Sequence_PS123456 that has a sequence ID with value 123456. This power
sequence consists of a slot called s4ee: Sl ot 1_PS123456.

& steeDevice 1
rdfs:label = Devicel
rdfs:zeefilso = Device 1

slee ::jc-‘::s'c

& stecPowerProfile_Devicel
sdeeialternativesCount = 2

sdeermixEnable = true
sdeernodeRemoteControllable = true
sdeesupportsReselection = true
sdeesupportsSingleSlotSchedulingOnly = true
sdeetotalSequencesCountMax = 1

rdfs:label = Power profile of dev...

rdfs:seeflso = Power profile of dev...

saref:contsgtsOf

# sdeeAlternative2_PowerProfile_Devicel @ sieeflternativel_PowerProfile Devicel

saref<on

rdfs:label = Alternative 2 of the... rdfs:label = Alternative 1 of the...
rdfsiseeflso = Alternative 2 of the... rdfs:seedlso = Alternative 1 of the...
saref:cipisistsOf

& sdee:PowerSequence_P5123456
sarefthasDescription = Power sequence 12345,
sarefihasState = paused
sarefthasTask = no task
sarefiisFlexible = true

& sdeeSlotl_P5123456 sareftisinterrupionPossible = true
sdeeoptionalSlot = false leeactiveSlotNumber = 1
sheesequenceld = 123456 sdeercheapest = true
sAeeslotctivated = true - - | sdeerelapsedSlotTime = PT1I5M
sdeeslotNumber = 1 sreteonsisEE cleeigreenest = Schedule Mode Cheape...
rdfs:label = Slot 1 of power sequ... sdeemaxCyclesPerDay = 4
rdfs:seeflso = Slot 1 of power sequ... sdeerrepetitionTotal = 1

sdeesequenceld = 123456
sdeesequenceRemoteControllable = true
sdeervalueSource = measuredValue
rdfs:label = Power sequence P5123..,

rdfsiseeflso = Power sequence P5123..,

Figure 7 — Instance of a s4ee:PowerProfile

4. Monitoring and Control information

Appliances are connected devices for which it is possible to identify the type of load (e.g., type of
appliance, supplier name, firmware version, etc.) and to monitor and control the start and the status
of operation, to communicate information to diagnose problems, as well as the transmission of
statistical information and the tunneling of manufacturer proprietary information of the appliance.
The classes of interest to represent the monitor and control information of SAREFAEE are

s4ee: Appl i ance, s4ee: Appl i ancePar anet er, s4ee: Appl i ancePar anet er Tabl e,
s4ee: Par anet er Tabl ePoi nt , sd4ee: Val ue, s4ee: Appl i ancePar anet er St at e,
s4ee: Appl i anceWor ki nghMbde, s4ee: Appl i ancePar anet er Set

s4ee: Appl i ancePar anet er Setti ngs, s4ee: Expression,

s4ee: Appl i ancePar anet er Conpati bi lityAction, s4ee: ApplianceControl and
s4ee: Appl i anceMoni t or.



A sdee: Appl i ance is as a specialization of a s4ee: Devi ce and therefore also a specialization
of asar ef : Devi ce, as shown in Figure 8.

saref:Device
sarefilsUsedFor : saref:Commodity or saref:Property or saref:BuildingCbject
sarefiaccomplishes @ sarefiTask (min 1 saref:Task)
sareficonsistsOf @ saref:Device
sarefthasCategory : saref:DeviceCategory
saref:hasFunction : saref:Function (min 1 saref:Function)
sarefthasProfile : saref:Profile
saref:hasState : saref:State
saref:hasTypicalConsumption : saref:Energy or saref:Power
sarefiisLocatedIn : saref:BuildingSpace
sarefioffers : saref:Service
sarefthasDescription @ string[0..1]
sarefithasManufacturer : string[1..1]
sarefihasModel : string[1..1]

sdee:Device
[ s4eeiexposes : sdes:PowerProfile (max 1 sdee:PowerProfile)
[ sdee:hasConnection ; sdee:DeviceConnection (min 0 sdee:DeviceConnection)
[ sdee:hasModeAddress : (min 0 sdee:Address)
I sdee:brandMame : string
M sdeerdeviceCode: string
I sdeeideviceMame : string
I sdee:hardwareRevision : string
M sdeemanufacturerDescription : string
M sdeemanufacturerLabel : string
 sdeemanufacturerNodeldentification : string
I sdeepowersource : {"unknown” , "mainsSinglePhase” , "mains3Phase”, "battery”, "dc"}
I sdeeiserialNumber : string
I sdeeisoftwareRevision : string
M sdeeivendorMame : string

sdeetAppliance
[ sdeethaslistOfAction : sdeetApplianceParameterCompatibilityAction (min 0 sdes:ApplianceParameterCompatibilityAction)
[ sdeethasListOfControl : sdee:ApplianceControl (min 0 sdéee:ApplianceControl)
[ s4eethasListOfMode : sdeesApplianceWorkingMode (min 0 sdeetApplianceWerkingMode)
[ sdee:hasListOfMonitor : sdee:ApplianceMonitor (min 0 sdee:ApplianceMonitor)
[ sdee:haslistOfParameter : séeesApplianceParameter (min 0 sdeeAppliancePararmeter)
[ sdeeireceives : sdee:DemandResponseEventData (min 0 sdee:DemandResponseEventData)

Figure 8 — The s4ee:Appliance class and its properties

A s4ee: Appl i ance is linked to parameters , available working modes, controls and
measurements, as follows:

— it has a list of zero or more parameters (s4ee: Appl i ancePar amet er class in Figure 9),
each representing a particular function mode such as “Tenper at ur e”, “Spi n”, “Pr ewash”
or“lron M n”;

0 Eachs4ee: Appl i ancePar anet er is described by a s4ee: Par anet er Tabl e, which
can be of type s4ee: St epPar anet er Tabl e, s4ee: Poi nt wi sePar anet er Tabl e,
s4ee: Bool eanPar anet er Tabl e or s4ee: Dat ePar anet er Tabl e. All these tables
define the type of permission for a certain parameter (i.e., “read only”, “write
onl y”or“read and write”)and its unit of measure (sar ef : i sMeasur edl n
property). The s4ee: St epPar anet er Tabl e is additionally characterized by at least one
minimum value, number of set points and steps. The



s4ee: Poi nt wi sePar anet er Tabl e is characterized by a point with one or more
values (s4ee: hasPoi nt mni n 1 property) described by the
s4ee: Par anet er Tabl ePoi nt class.

0 Eachs4dee: Appl i ancePar anet er is associated to a state (sar ef : hasSt at e
exactly 1 sdee: Appl i ancePar anet er St at e€) which can be used to represent
the actual parameter values by means of the s4ee: Appl i anceMbni t or class, and to set
new values by means of the s4ee: Appl i anceContr ol class.

sdesApplianceParameter
[ s4eethasTable : sdeetApplianceParameterTable ol eeState
saref:hasState @ sdee:ApplianceParameterState (exactly 1 sdee:ApplianceParameterState)
M sdeeparameter]d : unsignedInt[1.1]
saref:hasDescription : string[0..1] le

caref:hasState & sdessApplianceParameterState
) B saref:hasValue

&

sdeetApplianceParameterTable
saref:isheasuredln : saref:UnitOfMeasure (min 1 saref:UnitOfMeasure)
M sdeeipermissions : {"read only”, "write only” , "read and write"}[1..]

_— S~

sdee:BooleanParameterTable sdee:DateParameterTable

sdeePointwiseParameterTable

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

#leethasPoint sdee:StepParameterTable

dee:ParameterTablePoint [ sdecthasValueType : sdezMinValue (min 1 sdee:MinValue)
sarefhasValue : int[1.] || sﬂlee:numSgtPomts: int[1..]
M sdeestep: int[l..]

sleezhasValueType

sdee:MinValue

Figure 9 — The s4ee:ApplianceParameter class and its properties

It has a list of zero or more working modes (s4ee: Appl i anceWbr ki nghode class in Figure
10) each representing a particular working mode such as “Synt heti ¢s”, “M x 30" or
“Super Cool ”;
0 A working mode has an ID (s4ee: wor ki ngMbdel d exactly 1 property), a name
(saref: hasNane exactly 1 property)and a list of zero or more sets
(s4ee: Appl i ancePar anet er Set class) representing the sets of enabled parameters
for that working mode. A s4ee: Appl i ancePar anet er Set can have zero or more
settings (s4ee: Appl i ancePar anet er Setti ngs cl ass)and is selected according
to certain conditions defined in the s4ee: Expr essi on class. The set “0” is the default
set and is selected when no condition is true.
» Thes4ee: Appl i ancePar anet er Set ti ngs class is characterized by the
parameter ID (s4ee: paranmeterl d exactly 1 property) and a number of
values for that parameter that are subclass of the s4ee: Val ue class, i.e.,
sdee: Avoi dedVal ue (list of not admitted values), s4ee: Def aul t Val ue
(default value of the parameter), s4ee: MaxVal ue (maximum value that the



parameter could be set) and sd4ee: M nVal ue classes (minimum value that the
parameter could be set). The s4ee: Appl i ancePar anet er Set t i ngs class
also has a boolean property to specify whether the settings under consideration are
active or not (s4ee: i SAct i ve property).

= Thes4ee: Expressi on class is characterized by a value
(s4ee: hasVal ueType exactly 1 property), the parameter ID
(s4ee: paraneterld exactly 1 property)that identifies the parameter
whose current set point has to be compared, a math operator
(s4ee: mat hOper at or exactly 1 property) such as "==","l =" ">" "<"to
define set points equal, different, above or below the expression value, and logical
connectives (s4ee: | ogi cal Connective nin O property) such as "AND" and
"OR" that could be used to connect different expressions.

sdee:ApplianceWorkingMode
(M sdee:hasListOf : sdee:ApplianceParameterSet (min 0 sdee:ApplianceParameterSet)
I sdee:workingModeld : unsignedint(1..1]
saref:hasName : string[1..1]

sdee:hasListOf

sdee:ApplianceParameterSet
(M sdee:hasListOfExpression : sdee:Expression (min 0 s4ee:Expression)
(MW sdee:hasListOfSetting : sdee:ApplianceParameterSettings (min 0 sdee:ApplianceParameterSettings)

sdee:hasListOfExpression

D sdee:Expression
(M sdeehasValueType : sdee:Value (exactly 1 sdee:Value)
M sdee:logicalConnective : {"AND", "OR"}{0..]
B sdee:mathOperator: {"==", "I=", ">" "<"}[1.1]
I sdee:parameterld : unsignedint(1..1]

sdee:hasListOfSetting

sdee:ApplianceParameterSettings

(M sdee:hasListOfValue : sdee:AvoidedValue (min 0 sdee:AvoidedValue)

(M sdee:hasValueType : sdee:Value (exactly 1 sdee:DefaultValue, max 1 sdee:MaxValue, max 1 sdee:MinValue)
M sdeeiisActive : boolean[1..1]

Bl sdee:parameterld : unsignedInt(1..1]

sdee:hasValueType

- sAee:hasValueTvoe. | sdee:Value
sdee:DefaultVa?ue saref:hasValue : double[0..]
saref:hasValue : mt[0.<.>]
sdee:hasl MM////
D sdee:AvoidedValue ‘

sdee:MaxValue sdee:MinValue

saref:hasValue : int[0..]

Figure 10 — The s4ee:ApplianceWorkingMode class and its properties

It has a list of zero or more actions to be executed in case of incompatibility with other
parameters (s4ee: Appl i ancePar anet er Conpati bi |l i t yActi on classin Figure 11).
0 Thes4ee: Appl i ancePar anet er Conpat i bi | i t yActi on class specifies
incompatible parameters (s4ee: hasAf f ect edPar anet er mni n 1 property), and
has at least one expression (s4ee: hasExpressi on min 1 property). If this
expression turns TRUE, then one of the following types of actions will be executed:
= sdee:action_1 reset _to OFF val ue (itshall be reset)
= sdee: action_2 disabl ed (it shall be disabled)
= sdee:action_3 set to_MxVal ue (it shall be set to maximum value)



= s4ee:action_4 set to_default _val ue (itshall be setto default
value).
The property s4ee:hasVal ue nmin 0 s4dee: MaxVal ue expresses the maximum
value to be used in case of s4ee: acti on_3 set to_MaxVal ue.

£y

sdee:ApplianceParameterCompatibilityAction
[ s4eechasAffectedParameter : sdeeApplianceParameter (min 1 sdesApplianceParameter)
[ s4eechasExpression : sdeeExpression (min 1 sdee:Expression)
[ sdeechasValueType: sdeeMaxValue (min 0 sdeeMaxValue)

sdeehasValueType

s4eehasArTecteararameter

sheetValue sdeeMaxValue
saref:hasValue : double[0..] q sAee:ApplianceParameter
[ s4eethasTable : sdeetApplianceParameterTable
sdeezhasValueType saref:hasState : sdes:ApplianceParameterState (exactly 1 sdeeApplianceParameterState)

M sdeesparameter]d : unsignedInt{1..1]
sarefihasDescription : string[0..1]

#eethas

sdee:Expression
[ sdeechasValueType: sdeeValue (exactly 1 sdeeValue)
M sdeelogicalConnective: {"AND", "OR"}[0..]
M0 sdeemathOperator: {"==", "l=", "»", "<"}[1.1]
M s4eerparameter]d : unsignedInt[1.1]

Figure 11 — The s4ee:ApplianceCompatibilityAction class and its properties

— It has a list of zero or more measurements that represent the actual parameter values for
the appliance (s4ee: Appl i anceMoni t or class in Figure 12). 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 ID, its current value and, optionally, the maximum and minimum
values that the parameter can assume.

— It has a list of zero or more control actions (s4ee: Appl i anceCont r ol classin Figure
12), such as command actuation or the setting of working modes and parameters, to control
zero or more states of the appliance (s4ee: Appl i ancePar anet er St at e class). The
s4ee: Appl i anceContr ol class also has a boolean property to specify whether the
controls under consideration are active or not (s4ee: i SAct i ve property).




@ s4ee:ApplianceControl

B sdeeisActive : boolean[1..1]

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

@ sdeeState

4 '_(séieé:"cﬂontrols @ s4ee:ApplianceParameter

@ s4ee:ApplianceParameterState

saref:hasValue

i saref:hasDescription : string[0..1]

(M sdee:hasTable : sdee:ApplianceParameterTable
: 1 saref:hasState : sdee:ApplianceParameterState (exactly 1 sdee:ApplianceParameterState)
saref:hasState B sdee:parameterld : unsignedint{1..1]

‘sdee:monitors

@ sdee:ApplianceMonitor

(M sdeehasValueType : s4eeValue (max 1 sdee:MinValue, max 1 sdee:MaxValue)
(M sdee:monitors : sdee:ApplianceParameterState (exactly 1 sdee:ApplianceParameterState)

. sdee:hasValueType

—a
® siee:Value
saref:hasValue : double[0..]

© sdeeMaxValue

@ sdee:MinValue

Figure 12 — The s4ee:ApplianceMonitor and s4ee:ApplianceControl classes and their properties

5. Event-based information

The classes of interest to model demand response events are
sd4ee: DemandResponseEvent Dat a, s4ee: DenandResponseEvent Acti on,
sd4ee: DemandResponseSt at eDat a and s4ee: DemandResponsesSt at e, as shown in

Figure 13.

@ sdee:Appliance

[ sdeehasListOfAction : sdee:ApplianceParameterCompatibilityAction (min 0 sdee:ApplianceParameterCompatibilityAction)
(M sdee:hasListOfControl : sdee:ApplianceControl (min 0 sdee:ApplianceControl)

[ sdee:hasListOfMode : sdee:ApplianceWorkingMode (min 0 sdee:ApplianceWorkingMode)
(M s4ee:hasListOfMonitor : sdee:ApplianceMonitor (min 0 s4ee:ApplianceMonitor)

(M sdeehasListOfParameter : sdee:ApplianceParameter (min 0 sdee:ApplianceParameter)

(M sdee:receives : sdee:DemandResponseEventData (min 0 sdee:DemandResponseEventData)

‘sAeezhasAppliance

.| sAeereceives

@ sdee:DemandResponseEventData

W sdeeitriggers : sdee:DemandResponseEventAction (min 0 s4ee:DemandResponseEventAction)
(M sdeezhasAppliance : sdee:Appliance (min 1 sdee:Appliance)

M saref:hasTime : time:TemporalEntity (min 1 s4ee:TimePeriod, min 1 sdee:Timestamp)

. 4 1D : unsignedint(0..]

I sdeetimestamp : dateTime[0..]

T -~ SAeetriggers

[ © s4ee:DemandResponseEventAction |

@ sdee:DemandResponseStateData

[ sdee:hasAppliedEventAction : sdee:DemandResponseEventAction (min 0 s4ee:DemandResponseEventAction)
W saref:hasState : sdee:DemandResponseState (min 0 sdee:DemandResponseState)

M saref:hasTime : sdee:Timestamp (min 1 s4ee:Timestamp)

I sdee:eventlD : unsignedint(0..]

I sdeeitimestamp : dateTime[0..]

" sdee:hasAppliedEventAction
© sdee:State

/\

[ © sdee:DemandResponseState I

saref-hasState. |

Figure 13 — Demand Response Event classes and properties



The s4ee: DenandResponseEvent Dat a class is used to represent overload warning severity
level and related load control commands to an appliance. It is characterized by an event ID and a
timestamp (which can be expressed either as a s4ee: t i mest anp datatype property or using the
sar ef : hasTi ne object property).

The s4ee: DenandResponseEvent Act i on class expresses the type of actions to be performed
as a consequence of a demand response event. The type of actions can be s4ee: ener gency,
s4ee: i ncrease, sdee: nor mal ,s4ee: pause, sdee: reduce, s4ee: resune.

The s4ee: DemandResponseSt at eDat a class expresses the data about the state of an event
and is characterized by the same event ID used in the s4ee: DemandResponseEvent Dat a
class, as well as a timestamp, and it is associated to the class s4ee: DemandResponseSt at e,
which expresses the possible states of a demand response event, i.e., s4ee: event Accept ed,
sd4ee: event St art ed, s4ee: event St opped, s4ee: event Rej ect ed,

s4ee: event Cancel | ed, or s4ee: event Error.



