Net wor k Wor ki ng G oup J. Quittek

I nternet-Draft NEC Eur ope Ltd.
I nt ended status: |nformational B. Nordman
Expires: May 3, 2012 Lawr ence Berkel ey Nati onal
Laborat ory

R Wnter

NEC Eur ope Ltd.
Cct ober 31, 2011

Ref erence Model for Energy Managenent
draft-quittek-eman-reference-nodel - 03

Abstract

Managi ng energy consunption of devices is different fromseveral well
under st ood networ k rmanagenent functions because of the special nature
of energy supply and use. This docunent explains issues of energy
managenent arising fromits special nature and proposes a | ayered
reference nodel for energy managenent addressing these issues.
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1. I nt roducti on

Managi ng energy consunption of devices is different fromseveral well
under st ood networ k managenent functions because of the special nature
of energy supply and use. This nenpo expl ains issues of energy
managenent arising fromits special nature and proposes a reference
nodel for energy managenent addressing these issues.

Defining a suitable reference nodel for energy managenent has proven
to be explorative work that cannot be done in a single step because
the area is rather new to people at the IETF. Ideas for a reference
nodel have been el aborated in [I-D.ietf-eman-framework] and previ ous
versions of this draft.

This revision is an attenpt to conbine the relationship nodel
proposed in the last version (-02) of [I-D.ietf-eman-framework] wth
the concept of power interfaces proposed in the previous version
(-02) of this draft. The result is a four |layer nodel of energy
managenent .

This draft starts with identifying and describing in Section 2 the
speci al issues of energy nmanagenent that require the devel opnent of a
new reference nodel. The issues concern power supply, power and
energy netering, and the reporting of | ow power states.

Section 3 addresses these issues and proposed a new four |ayer nodel
for energy managenent, see Figure 1

T g +

| ener gy managenent system ( EnMS)

o m e e e e e e e e e e e e e e e e e e e e e e e e e o - +
| ]

S +

| energy managenent |

|| ]
||
|| ]
| medi ati on (EMV) | [ ]]
|| ]
[']]

e +
|
o mm o e e e +
| | ocal energy managenent interface (LM) |
o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e +
|
o m e m e e e e e e ea oo +
| power supply and use (PSU) |
o mm o o e e +

Figure 1. Layers of the Energy Managenent Reference Model
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o Power supply and use (PSU) |ayer
At the lowest |ayer electrical objects are physically connected by
power supply lines, and these connections constitute an electric
supply topol ogy.

o Local energy nmanagenent interface (LM) [ ayer
This | ayer provides access to local information and to | ocal
control functions at nmanaged el ectrical devices.

o Energy managenent nedi ation (EMV) | ayer
At this |ayer managenent functions use topology information from
the PSU | ayer to infer information on renote devices and to
realize control functions for renote devices.

o Energy managenent system | ayer
This layer contains a centralized or distributed energy nmanagenent
system t hat nmanages powered devi ces.

Al'l conmuni cation with the energy managenment system (drawn with three

parallel lines) in Figure 1 is subject of standardization in the EMAN
wor ki ng group. Communi cati on between the EMM | ayer and the LM | ayer
(drawn with two parallel lines) is an application area of standards

devel oped in the EMAN WG, but here al so proprietary protocols may be
used. Conmuni cation between the LM |ayer and the PSU | ayer (drawn
with a single line) is not subject of standardi zation by EMAN

At the core of this framework are just a few key concepts. Energy is
used by Powered Devices, sone of which supply power to other devices
and so are a subset called a Power Supply. Devices have power
interfaces, which are Iike network interfaces, through which power is
transferred into (an "inlet") or out of (an "outlet") a device.
Measurenment occurs at interfaces so that the total or net consunption
of a device can be determ ned.

2. Energy Managenent |ssues

This section explains special issues of energy managenent
particul arly concerning power supply, power and energy netering, and
the reporting of |ow power states.

To illustrate the issues we start with a sinple and basic scenario
with a single powered device that consunes energy and that reports
energy-related information about itself to an energy nmanagenent
system see Figure 2.
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o e e e e e e e e i e i aaa o +
| energy managenent system |
o e e e e e e e e e e o - +
N N
monitoring | | contro
vV Vv
U +
| powered device |
o e e o - +

Figure 2: Basic energy nanagenent scenario

The device may have | ocal energy control nechanisns, for exanple
putting itself into a sleep node when appropriate, and it may receive
energy control commands for simlar purposes froma managenent

system Information reported froma powered device to the energy
managenent systemincludes at | east the power state of the device
(on, sleep, off, etc.).

This and simlar cases are well understood and likely to becone very
common for energy managenent. They can be handled with well
establ i shed and standardi zed nanagenent procedures. The only m ssing
conponents today are standardi zed i nformati on and data nodel s for
reporting and configuration, such as, for exanple, energy-specific

M B nodul es [ RFC2578] and YANG nodul es [ RFC6020] .

However, the nature of energy supply and use introduces some issues
that are special to energy managenent. The follow ng subsections
address these issues and illustrate them by extending the basic
scenario in Figure 2.

2.1. Power Supply

A powered device nmay supply itself with power. Sensors, for exanple,
comonl y have batteries or harvest energy. However, nost powered
devi ces that are managed by an energy nmanagenent systemreceive

ext ernal power.

Wil e a huge nunber of devices receive power from unmanaged supply
systens, the nunber of nmanageabl e power supply devices is increasing.
I n datacenters, many Power Distribution Units (PDUs) allow the

net wor k managenent systemto switch power individually for each
socket and also to neasure the provided power. Here there is a big
difference to many ot her network managenent tasks: In such and
simlar cases, switching power supply for a powered device or
nonitoring its power is not done by comrunicating with the actual
powered device, but with an external power supply device (which may
be an external power neter).
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Consequently, a standard for energy managenment nust not just cover

t he powered devices that provide services for users, but also the
power supply devices (which are powered devices as well) that nonitor
or control the power supply for other powered devices.

A very sinple device such as a plain light bulb can be switched on or
off only by swtching its power supply. Mre conplex devices nmay
have the ability to switch off thenselves or to bring thenselves to
states in which they consune very little power. For these devices as
well it is desirable to nonitor and control their power supply.

Thi s extends our basic scenario fromFigure 2 by a power supply
devi ce, see Figure 3.

o m e e e e e e e e e e e e e e e e e e m e e e e e m +
| ener gy nmanagenent system |
TSRS +

N N N N
monitoring | | control monitoring | | contro
V Vv V Vv
o e a o - + o e e o - +
| power supply | ########| powered device |
R . + . +

#H#H#H#H power supply |ine
Figure 3. Power Supply

The power supply device can be as sinple as a plain power switch. It
may offer interfaces to the energy managenent systemto nonitor and
to control the status of its power outlets, as with PDUs and Power
over Ethernet (PoE) [I|EEE-802.3at] sw tches.

The rel ati onship between supply devices and the powered devices they
serve creates several problens for managi ng power supply:
o ldentification of correspondi ng devices
* A given powered device may be need to identify the supplying
power supply device.
* A given power supply device may need to identify the
correspondi ng supplied powered device(s).
0 Aggregation of nonitoring and control for multiple powered devices
* A power supply device may supply multiple powered devices wth
a single power supply line.
o Coordination of power control for devices with nmultiple power
inlets
* A powered device may receive power via multiple power |ines
controlled by the sane or different power supply devices.
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2.

2.

1

1

1. ldentification of Power Supply and Powered Devices

When a power supply device controls or nonitors power supply at one
of its power outlets, the effect on other devices is not always clear
w t hout know edge about wiring of power lines. The sane holds for
monitoring. The power supplying device can report that a particular
socket is powered, and it may even be able to neasure power and
conclude that there is a consunmer draw ng power at that socket, but
it may not know whi ch powered device receives the provided power.

In many cases it is obvious which other device is supplied by a
certain outlet, but this always requires additional (reliable)

i nformati on about power line wiring. Wthout know ng which device(s)
are powered via a certain outlet, nonitoring data are of limted

val ue and switching on the consequences of sw tching power on or off
may be hard to predict.

Even in well organi zed operations, powered devices’ power |ines get
pl ugged into the wong socket, or wiring plans are changed w t hout
updating the energy nmanagenent system accordingly.

For reliable nonitoring and control of power supply devices,
additional information is needed to identify the device(s) that
recei ve power provided at a particular nonitored and controll ed
socket.

This problem al so occurs in the opposite direction. |f power supply
control or nmonitoring for a certain device is needed, then the
suppl yi ng power supply device has to be identified.

To conduct energy managenent tasks for both power supply devices and
ot her powered devices, sufficiently unique identities are needed, and
know edge of their power supply relationship is required.

2. Miltiple Devices Supplied by a Single Power Line

The second fundanmental problemis the aggregation of nonitoring and
control that occurs when nultiple powered devices are supplied by a
single power supply line. It is often required that the energy
managenment system has the full |ist of powered devices connected to a
single outlet as in Figure 4.

Quittek, et al. Expires May 3, 2012 [ Page 8]



I nternet-Draft Ref erence Model for Energy Managenent Cct ober 2011

S U +
| ener gy managenent system |
o m e e e e e e e e e e e e e e e e e e e e e e m - +
N N N N
monitoring | | control monitoring | | contro
vV Vv vV Vv
S RS- + S U +
| power | #####H##| powered device 1
| supply | # R LT +-+
S +  ###H##H#| powered device 2
# e +-+
#H#H#H#| powered device 3 |
U +

Figure 4. Miltiple Powered Devices Supplied by Single Power Line

Wth this list, the single status value has clear neaning and is the
sum of all powered devices. Control functions are limted by the
fact that supply for the concerned devices can only be switched on or

off for all of themat once. Individual control at the supply is not
possi bl e.
If the full list of powered devices powered by a single supply line

is not known for the controlling power supply device, then control of
power supply is problematic, because the consequences of control
actions can only be partially known.

2.1.3. Miltiple Power Supply for a Single Powered Device
The third problemarises fromthe fact that there are devices with
mul ti pl e power supplies. Sonme have this for redundancy of power
supply, sone for just making internal power converters (for exanple,

from AC mai ns power to DC internal power) redundant, and sonme because
the capacity of a single supply line is insufficient.

| power | #####H| powered | ##AH#AH#H| power |
| supply 1 | ######| device | | supply 2

Figure 5: Miultiple Power Supply for Single Powered Device
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The exanple in Figure 5 does not necessarily show a real world

scenario, but it shows the two cases to consider:

o nultiple power supply |ines between a single power supply device
and a powered device

o different power supply devices supplying a single powered device

In any such case there may be a need to identify the supplying power

supply device individually for each power inlet of a powered device.

Wthout this information, nonitoring and control of power supply for

t he powered device may be |imted.

2.1.4. Relevance of Power Supply Issues

In some scenarios, the problens with power supply do not exist or can
be sufficiently solved. Wth Power over Ethernet (PoE)

[ EEE- 802. 3at] there is always a one-to-one relationship between a
Power Sourcing Equi pnent (PSE) and a Powered Device (PD). Also, the
Ethernet link on the |line used for powering can be used to identify

t he two connected devi ces.

For supply of AC mains power, the three probl ens described above
cannot be solved in general. There is no commonly avail abl e protocol
or automatic mechanismfor identifying endpoints of a power I|ine.

And, AC power |ines support supplying multiple powered devices with a
single line and commonly do.

2.1.5. Renote Power Supply Control

There are three ways for an energy managenent systemto change the
power state of a managed entity. First is for a nmanagenent systemto
provide policy or other useful information (like the electricity
price) to the powered device for it to use in determning its power
state. The second is sending the entity a conmand to switch to

anot her state. The third is to utilize an upstream device (to the
power ed device) that has capabilities to switch on and of f power at
its outlet.

Sone entities do not have capabilities for receiving commands or
changing their power states by thenselves. Such devices may be
controlled by switching on and off the power supply for them and so
have particular need for the third nethod.

In Figure 3 the power supply can switch on and off power at its power

outl et and thereby switch on and off power supply for the connected
power ed devi ce.
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2.2. Power and Energy Measurenent

Some devices include hardware to directly neasure their power and
energy consunption. However, nost comobn networ ked devi ces do not
provide an interface that gives access to energy and power
measurenents for the device. Hardware instrunentation for this kind
of neasurenents is typically not in place and adding it incurs an
addi ti onal cost.

Wth the increasing cost of energy and the grow ng inportance of
energy nonitoring, it is expected that in future nore devices wll

i nclude instrunentation for power and energy neasurenents, but this
may take quite some tine.

2.2.1. Local Estinmates

One solution to this problemis for the device to estimate its own
power and consumed energy. For many energy managenent tasks, getting
an estimate is nuch better than not getting any information at all.
Esti mates can be based on actual neasured activity |evel of a device
or it can just depend on the power state (on, sleep, off, etc.).

The advantage of estimates is that they can be realized |ocally and
with much | ower cost than hardware instrunmentation. Local estinmates
can be dealt with in traditional ways. They don’t need an extension
of the basic exanple above. However, the powered device needs an
energy nodel of itself to make estinmates.

2.2.2. Mnagenent System Estinmates

Anot her approach to the lack of instrunentation is estimation by the
ener gy managenent system The managenent system can estimate power
based on basic information on the powered device, such as the type of
device, or also its brand/ nodel and functional characteristics.
Energy estimates can conbine the typical power |evel by power state
with reported data about the power state.

If the energy managenent system has a detail ed energy nodel of the
device, it can produce better estimates including the actual power
state and actual activity level of the device. Such information can
be obtained by nonitoring the device with conventional neans of

per f or mance nonitoring.

2.3. Reporting Sleep and Of States
Low power nodes pose special challenges for energy reporting because

they may preclude a device fromlistening to and responding to
network requests. Devices may still be able to reliably track energy
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use in these nodes, as power |evels are usually static and internal
cl ocks can track elapsed tine in these nodes.

Some devi ces do have out-of-band or proxy abilities to respond to
network requests in | ow power nodes. Qhers could use proxy
abilities in an energy managenent protocol to inprove this reporting,
particularly if the device sends out notifications of power state
changes.

2. 4. Entities

The primary focus of energy managenent is entire devices, but in sone
applications it is necessary or desirable to also have visibility
into energy use of internal conponents such as |ine cards, fans,

di sks, etc. Conponents |ack sonme of the features of devices, such as
havi ng power interfaces; instead, they sinply have a net total
consunption fromthe pool of power available within a device. Note
that a device need not have an AC power cord. For exanple, a DC
power ed bl ade server in a chassis has its own identity on the network
and reports for itself, and so is a separate device, not a conmponent
of the chassis.

3. Energy Managenent Reference Mdel
This section specifies a reference nodel for energy nonitoring and

expl ains how it solves the problens outlined above. It is structured
into four |ayers:

o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e ao s +

| ener gy managenent system ( EnMbS)

o m m e o e e e e e e e e e e e e e e e e e e e e e e e e ememeao s +
|l

o e e e e e e e oo +

| energy managenent |

|1

|||

gy 1 ]

| medi ati on (EMV) | [ ]]
|1

|1

e +
|
o m e e e e e e e e e e e e e e e e e e e e e e e e e e e o - +
| | ocal energy managenent interface (LM) |
o m e e e e e e oo +
+----------------------! ----------------------- +
| power supply and use (PSU) |
o m e e e e e e e e e e e e e e e e e e e e e e e e e e e o - +

Figure 6: Layers of the Energy Managenent Reference Mbdel
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At the power supply and use (PSU) | ayer electrical objects (powered
entities) are physically connected by power supply lines. Their
connections constitute an electric supply and netering topol ogy.

The | ocal energy nmanagenent interface (LM) |ayer provides a set of
functions for nmonitoring and controlling individual powered entities.
These functions are local to the entity and restricted to only report
properties and states of the entity, as with nost common network
managenent functions on nmanaged entities today.

The energy nmanagenent nedi ation (EMV) | ayer provides ’conveni ence’
functions to the energy managenent system It perforns functions
specific to energy managenent by utilizing information fromthe PSU
|ayer to infer information on Electrical Cbjects (EGCs) and to bundl e
control functions concerning the same EO. It also offers sone nore
general functions such as proxying and aggregati on on nonitored

i nformati on.

The energy managenent system (EnMS) | ayer contains a centralized or
di stributed energy managenent systemthat nmanages a set of powered
devi ces.

3.1. Power Supply and Use (PSU) Layer

This layer nodels the electrical connections between el ectrical
objects. "Electrical object” (EO is used as general termfor three
ki nds of objects. An EOis a powered entity (PE). Connections

bet ween them are made with power supply |ines.

According to the general issues identified in Section 2.1 the
followi ng specific issues are addressed at this |ayer:

Identification of electrical connection endpoints
Supply rel ati onshi ps between connected EGCs
Aggregation of power supply for multiple PEs
Metering at connection endpoints

Metering rel ati onshi ps between connected EGCs
Aggregation of netering for nmultiple PEs

O O0O0OO0O0O0

For the general problemof identifying EGCs, there are many nethods
al ready in use by network managenent systens. Such nethods include
identification by |IP addresses, by MAC addresses, by serial nunbers,
by assigned UUI Ds, etc. Those can be re-used for identifying EGCs.

There does not yet exist a commonly used way to address different
power interfaces of the same device. There are power distribution
units that enunerate their power outlets and Power over Ethernet
switches that enunerate their ports and port groups.
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1

The reference nodel for the PSU | ayer uses the concept of a power
interface to address the identification of individual connection
endpoi nts of power supply lines at EGCs.

This termis not new. It is already used simlarly by the | EEE
standard for Power over Ethernet (PoE) [I|EEE-802.3af] and

[ EEE-802. 3at] where a power interface denotes the interface between
a device and the Ethernet transm ssion nedium The follow ng terns
for conponents of the PSU | ayer are derived from PoE termn nol ogy.

1. Conponents of the PSU Layer

o Power Interface (PI)
A power interface is the interface between an EO and a power
transm ssion nmedium There are sone simlarities between power
interfaces and network interfaces. A network interface can be
used in different nodes, such as sending or receiving on an
attached Iine. A power interface (Pl) has an attribute indicating
its node that can be one of the follow ng:

inlet: receiving power
* outlet: providing power

Most power interfaces never change their node, but as the node is
sinply a recognition of the current direction of electricity flow,
there is no barrier to a node change.

A power interface can have capabilities for netering power and
other electric quantities at the shared power transm ssion nedi um
This capability it nodeled by an association to a power neter.

In anal ogy to MAC addresses of network interfaces, a globally
unique identifier is assigned to each power interface.

Physically, a power interface can be |ocated at an AC power
socket, an AC power cord attached to a device, an 8P8C (RJ45) PoE
socket, etc.

o Powered Entity (PE)
An entity which consunes or supplies power with one or nore PIs in
nmode "inlet" is called a powered entity (PE). This extends the
term powered device (PD) used in [|EEE-802.3af] and [| EEE-802. 3at ]
to cover not only entities that are individual devices, but also
entities that are just conponents of devices.

o Power Source (PS)
An entity with one or nore PIs in node "outlet” is called a power
source (PS). This extends the term Power Source Equi pnent (PSE)
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3.

1

used in the | EEE PoE standards [| EEE-802. 3af] and [| EEE-802. 3at |
where at a single Pl the PSE provides power to a single PD only.
Here a PS may supply an arbitrary nunber of PEs at a single Pl
Most PSs have also Pls in node "inlet" and all are also a PE

o Power Meter (PM
A netering function attached to a power interface of an entity is
called a power neter (PM. Power neters are contained within an
entity and attached to one or nore of the entity’' s power
interfaces. A single PMcan only provide a single neter reading
at atinme. Mst Pls wll be connected to a single other Pl only,
but those attached to nultiple power interfaces only neasure the
aggregate use over all of the other interfaces. Conponents that
| ack interfaces have a neter for their total net consunption.

2. Power Supply Topol ogy

Simlar to network interfaces, power interfaces can be connected to
each other via a shared (power) transm ssion nedium The nost sinple
connection is a single outlet connected to a single inlet as shown in
Figure 7.

S + S +
| power source | | powered entity |
| S + S +

| | PI, 1D 1 ####a###### P, 1D 2 | |
| | (outlet) | | | | (inlet, | |
| || | | nmeter) | |
| T + | | +---------- + |
U + U +

Figure 7: Sinple one-to-one power supply topol ogy

This figure extends the PSU | ayer of Figure 3 by power interfaces.
The power source has a single power interface in outlet node
connected to a power supply linme that connects it to the power
interface of the powered entity in inlet node. The correspondi ng PSU
| ayer nodel of the topology in Figure 7 is shown by Figure 8.

PS ----- Pl ID1 ----- Pl ID2 ----- PE
outl et i nl et

Figure 8. PSU | ayer nodel for one-to-one supply topol ogy

Thi s nodel shows four relationships,
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o a containment relationship nodeling the power source PS containing
the power interface Pl with ID 1

o0 a containnent relationship nodeling the powered entity PE
contai ning the power interface Pl with ID 2,

o a netering relationship between PI ID 2 and a power neter PM

o a connection relation between PI ID 1 and Pl ID 2.

Implicit in this nodel is a containnent relationship between the PE
and the PM It is inplicit, because the PI ID 2 is contained in the
PE and the PI ID 2 has a nmetering relationship with the PM

The nodel al so shows that Pls have an attribute indicating the node.
In Figure 8 Pl ID1is in node "outlet"” and Pl ID 2 is in node
"inlet".

Figure 9 extends the PSU | ayer of the exanple from Figure 4 by power
interfaces. A power source with a single outlet supplies three
powered entities.

R + S +
| power source | | powered entity |
|- + | | oo o
| | PI, | D 3 ###a#######4#4 P, |ID 4 | |
| | (outlet) | | # | | (inlet) |
| I + | # | +---------- + [ ----+
Fom e + # oo + 11|
# | +---------- + |
#Hut#pH#H##Y Pl, 1D 5 | |
# | | (inlet) | |
# | +---------- + | ----- +
# s S N
# | +---------- + |
#Het#H#H#H##E P, 1D 6 | |
| | (inlet) | |
| 4= + |
e +

Figure 9: PSU Layer for a Single PS Supplying Miltiple PEs.

The correspondi ng PSU | ayer data nodel is shown by Figure 10.
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PS ----- Pl ID3 --+-- Pl ID4 ----- PE
out | et | i nlet
|
+-- Pl ID5 ----- PE 11
| i nl et
|
+-- Pl ID6 ----- PE 111
i nlet

Figure 10: PSU Layer Model of a Single PS Supplying Miltiple PEs.

Figure 11 shows the PSU | ayer nodel of the exanple fromFigure 4. A
PE with three inlets is supplied by two power sources PS | and PS |1
There are two power supply connections between PS | and the PE

PS1 --+- Pl ID7 =----- Pl ID8 --+-- PE
| out | et i nl et |
| |
+-- P ID9 ----- Pl 1D 10 --+
out | et i nlet |
|
PS Il ----- Pl ID11 ----- Pl ID 12 --+
out | et i nl et

Figure 11: Miltiple Power Supply for Single Powered Device
3.1.3. Power Sources

In the PSU |l ayer, a EOthat is a power supply can be seen as having
two roles inthat it is also a PEE A good exanple is a PoE swtch
that is a PE supplied with AC power and a PS supplying other PEsS with
DC power. Exanples which are pure AC devices include a UPS or a PDU

o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e +
| powered entity / power source |
| SRR + SRR + He-eeeeo-n + He-eeeeo-n + |
#H#H#AH Pl 1D 13| | Pl ID 14 | PI ID 15 | PI ID 16| |
| | (inlet) | | (outlet)| | (outlet)|] | (outlet)| |
| 4 + R A R - SR N S - S
R R R R +
# # #

Figure 12: Power Source Rol es
Figure 12 shows the exanple a power source with three power outlets

and a power inlet and Figure 13 shows its PSU | ayer information
nodel .
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EOQO ------- e e e +

PE I I I I

PS Pl ID 13 Pl ID 14 Pl ID 15 Pl ID 16
i nl et out | et out | et out | et

Figure 13: PSU Layer Model of a Dual Rol e Power Source
3.1.4. Power Meters

On the PSU | ayer each power and energy nmeter is integrated with one
or nore power interfaces, though usually just with one, or with a
conponent. A common case is shown by Figures 7 and 8 where the PE
has netering capability at its power inlet. Power outlets can have
nmetering capabilities as well.

When power neters are attached to nore than one power interface
wthin a single powered entity, the PM cannot report per power
interface individually, but just the summed of nultiple interfaces.
A common exanple is a PoE swtch that neasures power per group of
ei ght ports. Another exanple is a powered entity with two power
inlets that only nmeasures the total power input to the entity as
illustrated by Figure 14 and nodel ed by Figure 15.

o e oo + oo +
| power | AR R R + | power |
| source 1 | | powered entity | | source 2 |
| S + S + - - + R + |
| | PI | D 17######8#4# Pl 1D 18| | Pl | D 19#########4# Pl | D 20| |
| | (outlet)]| | | | (inlet) | | (inlet) | | | | (outlet)| |
| SRR + | +----#----+ H----H----+ | | +--------- + |
oo o - + | # # | oo o - +

I #----+

| | power rmeter | |

[ + |

g +

Figure 14: Dual power supply topol ogy

PS | ----- Pl ID17 ----- Pl ID 18 --+-- PE
out | et i nl et |
| |
I I
PM |
L
PSII ----- Pl ID19 ----- Pl ID20 --+
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Fi gure 15: PSU Layer Mdel of a Dual Role Power Source

A power neter can cover any mixture of inlets and outlets and sinply
reports the sum As an exanple, see the nodel of a the dual role PE
and PS from Figure 13 extended by a power neter attached to all Pls

in Figure 16.
EOQ ------- Fomm e o Fomm e o Fomm e o +
PE I I I I
PS Pl 1D 13 Pl ID 14 Pl 1D 15 Pl 1D 16
i nl et outl et outl et out| et

Figure 16: PSU Layer Model of a Dual Rol e Power Source
3.1.5. External Power Meters

A device which is only a power neter is nodel ed exactly as any ot her
PS. It is nodeled as a device that has an inlet power interface
receiving power froma PS and one or nore outlet power interfaces
provi di ng power to PEs, see, for exanple, Figure 17. The fact that a

devi ce may consune none of the energy that passes through it is not
rel evant to EMAN

g +
| external power neter |
| oo m e oo + oo m e oo + |
from PS ###### Pl 1D 21| | Pl | D 22###### t o PE(S)
| | (inlet) | | (outlet,| |
I I | neter) | |
| Foom oo o + Foom oo o + |
o m e e e e e e e e e e e m +

Figure 17: External Power Meter

3.1.6. PSU Layer Rel ationshi ps

The PSU topology is usually asymmetric. PS devices supply other PEs
with power and neters may neasure power that is consuned or provided
by other entities than the one at which the neasurenent was

conducted. This way we define two kinds of relationships between EGCs

in the PSU | ayer: power source relationships and power neter
rel ati onshi ps
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3.1.6.1. Power Source Relationship

A power source relationship exists between an outlet PI of a PS and

an inlet Pl of a PE. It is an asynmetric relationship. The role of
the outlet is providing energy and the role of the inlet is receiving
ener gy.

An outlet can be directly connected to nultiple inlets and thus can
have nul ti pl e power source relationships. An inlet is typically
connected to a single outlets only and thus has only one power source
relationship to a directly connected outlet. Wile not common, an
inlet can be connected to nultiple outlets.

The relationship is transitive. |If an outlet Pl acts as power source
for an inlet PI of an entity that itself acts as PS for further PEs,
then the outlet may have al so power source relationships to inlets of
entities supplied by the entity in the mddle.

Figure 18 shows a sinple exanple. Pl 1D 23 has a power source
relationship with Pl Id 24. But since the entity in the mddle is a
dual role device that also acts as PS, Pl ID 23 has al so a power
source relationship with Pl 1D 26.

PS 1 PE 1/ PS 2 PE 2
I I I
| +----- +--- - - + |
I I I I
Pl ID23 ----- Pl ID 24 Pl ID25 ----- Pl ID 26
outl et i nl et outl et i nl et
I I
PM PM

Figure 18: Rel ationshi ps between Cascaded Power Sources
3.1.6.2. Power Meter Relationship

The power neter relationship is very simlar to the power source
relationship. It is asymmetric as well and it has two roles: the
nmetering Pl and the netered PI. D fferent fromthe power source
relationship, the role of a PI does not depend on its node. The
nmetering Pl can be an outlet Pl or an inlet PI. The sane holds for
the netering PI. Thus this relationship works not just downstream
but al so upstream

In Figure 18 PI ID 23 has a netering relationship as netering Pl with
Pl ID 24 in the downstreamdirection. 1In the sane way, Pl ID 26 is
the nmetering Pl in a netering relationship wwth PI ID 25. Assum ng
that PE 1/ PS 2 is just a swwtch with no energy consunption, Pl ID
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23 and Pl I D 26 have two netering relationship with each other with
different directions. 1In one Pl IS 23 neasures power renotely for P
ID 26 and in the other one nmeasured value at Pl I D 26 can be used to
report the power at PI |ID 23.

3.1.7. PSU Layer Information Mdel

Figure 19 illustrates the informati on nodel of the PSU | ayer.
El ectrical objects (EGs) are a synony for powered entity.
o + 1 TR + 1..N S R +
+->| electrical |---=----- | power |---=----- | power |
| | object | 0..N | interface | 0..N| nmeter |
| I + L + Fomm e - - +
I | 1D I
I e e E + | node |
+--| powered entity Fommme - - - +
oo + 0..N | | 0..N
+---+

Figure 19: Basic Information Mddel of the PSU Layer

Each EO contains a nunber of Pls. Pls have two attributes, their ID
and their node. Each Pl may be attached to one or nore PMs. A PM
may be attached to one or nore Pls. Finally, a Pl nmay be connected
to one or nore Pls of other EGs.

3.2. Local Energy Managenent Interface (LM) Layer

The | ocal energy managenent interface (LM) layer provides a set of
interfaces for nmonitoring and controlling power and use of energy at
EGs. These interfaces are offered by an EO and restricted to only
report and control properties and states that are local to the EQ as
do nost of the common network managenent interfaces at nanaged
entities today.

Interfaces at this |ayer deal conmponents of the PSU | ayer at the
| ocal EO They are structured into five specific interfaces:
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3.

3.

N N N N N

| | | | |
o m e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e m - +
| EO | | | | | |
| v v v v % |
| +---------- + Foememeas + Foememeas + Foememeas + Foememeas + |
| | Pl | | Pl | | neter | | power | | power | |
| |nmonitoring| | control | | reading | | state | | state | |
| | | | | | | |rmonitoring| | control | |
| +---------- B S B S B S + - mm e e - + |
N T SN +

Figure 20: Interfaces of an EO at the LM | ayer

o Pl nonitoring
This interfaces provide nmethods for retrieving information on Pls
contained in the EO. Particularly included is information on the
node of the PI (inlet or outlet) and its operational state (on,
of f, ready, etc.) and known power source relationships and power
nmeter relationships.

o Pl contro
Pl control is limted to swtching Pls on and off.

o Meter reading
This interfaces includes nethods for reporting quantities that are
nmeasured by power neters and that are related to power and to
energy consunpti on.

o Power state nonitoring
Met hods of this interface provide information on power states of
PEs. These nethods are only available at PEs. But since all EGCs
can be considered to be PEs they can in general be nade avail abl e
at any EO

o Power state control
The nunber of control nethods at this interface may be very small.
At least included is a nethod for setting the power state of a PE

Ener gy Managenent Medi ation (EMV) Layer

I nformati on and control neans provided by the LM layer is local to
the reporting EO However, wth information fromthe PSU | ayer
there are sone obvious steps of processing this information to nake
it nore useful or easier to digest by an energy managenent system
In general, all functions in this layer are ’conveni ence’ functions
and an energy nmanagenent system can execute all of themdirectly.
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This layer may contain various kinds of functions. The ones that are
al ready known can be structured into 7 groups:

renote PE information

renote PE contro

all available information on a PE

all available control affecting a PE
aggregated information frommultiple PEs
aggregated control of multiple PEs
proxying for an EO

OO0OO0OO0OO0OO0O0

This Iist may not be conplete, so that new ’'conveni ence’ functions
may be added. Sonme of them may not match any of the groups listed
above. Figure 21 shows (except for the proxying functions) how the
groups are structured in the EMM | ayer and interact with the LM

| ayer.
N e T I T Y. +
| ener gy management system
g +
N N N N N N N
| I I I I I |
v | | | | | v
o i R B B SRR +
I aggr egat ed | I I I | aggr egat ed I
| info on | | | | | ] control of |
| mul ti pl e PEs [ | | | [ mul ti pl e PEs |
e S e I B e R EEE TREEE +
| | | | | | | | | | |
I I v v I I I v v I I
I P S N B ol
| | | all info | | | | all control | | |
I | | on aPE | I | | of aPE | | I
| e S N B ERRREE b L
| | | | | | | | | | |
| e v R SRR o
| | v v v | v v v | |
| | B e o |
| | | remote PE | | | renote PE | | |
| | | information | | | control [ |
| ERSEEEEEREEEEEE L IECEETERPREEEES + |
| | | | | | |
% % v v % v v
o o o m o e e e oo +
| LM | ayer |
ot m et o e o e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e e mememeao s +

Figure 21: Goups of Functions in the LM |ayer
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In this layer, EGs offer functions to the EnMS that concern other
PEs. By doing so, they establish a relationship to the respective
PEs. Relationships on this |ayer include

0 Reporting relationship
This relationship is between a reporting EO and a PE on which it
reports. It is an asymmetric relationship and the PE on which is
reported nay not even have any know edge on the existence of the
rel ati onship. Subject of reporting can be the power supply status
for PE, netered values for a PE, a power state information on a
PE, and other information on the PE that is relevant for the
ener gy managenment system

o Control relationship
Anal ogous to the reporting relationship, the control relationship
is between a controlling EO and a controlled PE. Again, the PE
does not necessary know of this relationship, for exanple, in case
the controlling EO controls the power supply of a PE by
communi cating with the PS supplying the PE. This can be done in a
way that is conpletely hidden fromthe PE. Subject of control can
be the power supply of the PE, its power state, and other states
rel evant for the energy managenent system

o Proxy relationship
This is a relationship between a proxying EO and a proxied PE
The concept of a proxy relationship overlaps with the reporting
relati onship and the control relationship. A proxy relationship
al ways includes one of the two or both. Characteristic for a
proxy relationship is that it includes reporting or control
function that the proxying EO cannot conduct w thout renotely
retrieving data or renotely controlling other EGCs.

The groups of the EMM | ayer are described individually in the
foll ow ng subsecti ons.

3.3. 1. Renot e PE | nformati on

This group contains functions that allow an EO to provide information
about another PE. These functions are useful in scenarios |ike the
ones described in Section 2.1 where an EO switches or neasures power
at an outlet PI. If the EO has information on the PSU | ayer

t opol ogy, particularly about which PEs are connected to the outlet,
then it can conbine this information and report on the power supply
for the connected PEs.

This way an EO uses |ocal information and deduces information on
other, renmote PEs fromit. Such information may not be as reliable
as a direct report fromthe concerned PEs, but it is often val uable
information for energy managenent. Such reporting nmust be cogni zant
of possibilities like devices with nmultiple power supplies.
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The functions in this group can also be inplenented by ECs that are
nei t her one of the concerned PEs nor the EO at which the observation
or neasurenent was conducted. 1In such a case the executing EGCs of

t hese functions act as a kind of md-1level nanager between managenent
system and nmanaged devi ces and coul d, for exanple, be conponents of
an conventional el enent managenent system

Qoviously, the EO that reports on a certain other PE has a reporting
relationship to the PEE However, if the PE is aware of the

rel ati onship, the PE may have nmeans to report which EO has which kind
of relationship to it.

Li ke sone other functions on the EMM | ayer, the renote PE functions
are 'conveni ence’ functions. Inferring available information from
different EGs can al so be done by the energy managenent system

3.3. 2. Renot e PE Contr ol

This group has sone simlarities to the previous one. Again,
operations at an EO are conbi ned with know edge of the PSU | ayer
topology in order to realize operations on a renote PE. In the
exanpl e scenario fromfigures 7 and 8, power for the PE can be
swtching by swwtching the outlet PI ID1 of the PS. On the LM

| ayer the offered function would be "switch of PI ID1 at PS'. This
function can be offered by the PS at the EMM | ayer as "switch power
for the PE'. Both function would have the sane technical effect, but

they are semantically on different |ayers.

Here, the EO that controls an PE has a control relationship to the
PE. If the PEis aware of the relationship, the PE may have neans to
report which EO has which kind of relationship to it.

Again, like in the previous group, these functions are convenience
functions and they can be executed by the PS, by the PE or by any
ot her EO

3.3.3. Parent function: Al Available Information on a PE

This group provides just a single logical function that we call the
parent function for reporting: A parent EO makes all information on a
PE, that is avail able sonewhere in the network, but that m ght be

di stributed anong several EGCs, available at a single point of

contact, the parent.

Real i zi ng such a function would be expected to require to instantiate

several of the functions in the "Renote PE Information" group
descri bed above.

Quittek, et al. Expires May 3, 2012 [ Page 25]



I nternet-Draft Ref erence Model for Energy Managenent Cct ober 2011

The parent EO that provides all available information on a certain
other PE has definitely a reporting relationship to it. |In addition
it my have a proxying relationship, for exanple if it reports the
PE s power state.

This function is again a 'conveni ence’ function for an energy
managenent systemthat in some cases nmay be nmuch easier done locally
at involved EGs than within the energy managenent system

3.3.4. Al Available Control Affecting a PE

This group al so provides just a single logical function: The parent
control function: It makes all control functions affecting a PE, that
are avail abl e sonewhere in the network, but that m ght be distributed
anong several EGs, available at a single point of contact, the
parent .

Real i zi ng such a function would be expected to require to instantiate
several of the functions in the "Renote PE Control" group descri bed
above.

Agai n, the parent EO that controls a certain other PE has a control
relationship toit. |If controls the power state, it may al so be a
proxy relationship.

This function is again a ’'convenience’ function for an energy
managenent systemthat in some cases may be nuch easier done locally
at involved EGs than within the energy managenent system

3.3.5. Aggregated Information from Multiple PEs

Functions in this group aggregate nonitoring information from
mul tiple PEsS into nore conpact representations with potential |oss of
i nformati on.

For exanpl e, power neasurenents froma set of PEs may be sunmed up
into a single value that is provided to an energy nmanagenment system
t hat does not need nore detailed information. aggregating such
information in the EMM |l ayer is not just a conveni ence functions but
may al so increase scalability of the energy nanagenent system

Aggregation is not necessarily limted to just summ ng up val ues.

Al so included, for exanple, are aggregation functions that give

i nformati on on how many PEs of a group are in a certain power state.
The range of potential functions in this group appears to be huge.
However, it will probably sufficient to standardi ze the nost commonly
used ones only.
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3.3.6. Aggregated Control of Miltiple PEs

Li ke monitoring and reporting functions covered in the previous
group, also control functions can be aggregated. Exanples include
swi tching power supply for all PEs in a given group or setting all of
themto the sane power state with a single conmand

Again, this can be considered a convenience function, but at the sane
time increase scalability of the energy managenent system And again
it will probably be sufficient to standardi ze just a few of the w de
range of possible functions in this group.

3.3.7. Proxying for an EO
This section still needs to be witten. Summary: An EO can act as a
proxy for an EO that cannot directly communicate with the energy
managemnment system

3.4. Energy Managenent System Interface (EnMS) Layer

The EMS receives EMAN data directly from devices, or via the
nmedi ation layer. Simlarly, it can exercise control directly or via

the nediation layer. |In nmany cases, the sanme action can be
acconpl i shed through either neans, though sone are only avail able via
medi ati on.

4. Security Considerations

This nmeno currently does not inpose any security considerations.

5. | ANA Consi derati ons

This meno has no actions for | ANA.
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7.1. Devices or entities?

Entities expands on the category of devices by addi ng conponents. Do
conmponents have all the features of devices (including having power
interfaces) or do they only have netering of their energy/power use?
The rel ati onshi ps anong powered devi ces, powered entities,

conponents, and electrical objects needs to be clarified.

7.2. Add PMnonitoring and control interfaces to LM |ayer?

In earlier versions of this draft, nonitoring and configuring the
power neter have al so been considered. Shall we |list themas further
| ocal interfaces on the LM | ayer?

7.3. Topol ogy changes

| deal 'y topol ogy woul d never change so the EMS need only query it
once. A date/tinme stanp for tinme of |ast topol ogy change woul d
enable the EMS to know when it needs to rescan the topol ogy.

7.4. Topol ogy reporting

For each interface, there is a list of [device,interface] tuples that
Is connected to the interface. |If one of these is |listed as
“unknown", then any nunber of unknown devices may be connected (that
is, the device need not specify the nunber, since likely it wll

usual ly not know). Topology information need not be symetric. A
devi ce providing power to the second may know the I D of the second
whil e the second device may | ack knowl edge of the ID of the supplying
device. The nediation |ayer brings together such information to form
a nore conplete picture.

7.5. Proxying
Does all proxying occur at the nediation |ayer?
7.6. PSU I nfo Model

The PSU | ayer information nodel needs to be further el aborated.
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