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Abstract

Wth the rapid growth of networks around the gl obe there is an ever

i ncreasing need to inprove the energy efficiency of devices.
Operators begining to seek nore information of power consunption in
the network, have no standard mechanismto neasure, report and
compare power usage of different networking equi prent under different
networ k configuration and conditions exist.

Thi s docunent provides suggestions for nmeasuring power usage of |ive
networ ks under different traffic | oads and various switch router
configuration settings. It provides a suite which can be depl oyed on
any networking device .

Requi renents Language
The key words "MJST', "MJST NOT", "REQUI RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMMENDED', "MAY", and "OPTIONAL" in this
docunent are to be interpreted as described in RFC 2119 [ RFC2119].
Status of this Meno

This Internet-Draft is submtted in full conformance with the
provi sions of BCP 78 and BCP 79.

Internet-Drafts are working docunments of the Internet Engineering
Task Force (IETF). Note that other groups may also distribute
wor ki ng docunents as Internet-Drafts. The list of current Internet-
Drafts is at http://datatracker.ietf.org/drafts/current/.

Internet-Drafts are draft docunments valid for a maxi num of six nonths
and may be updated, replaced, or obsol eted by other docunents at any
time. It is inappropriate to use Internet-Drafts as reference
material or to cite themother than as "work in progress."

This Internet-Draft will expire on Novenber 24, 2010.
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1.

I nt roducti on

Energy Efficiency is becoming increasing inportant in the operation
of network infrastructure. Data traffic is exploding at an
accelerated rate. Networks provide conmuni cati on channel s that
facilitates conponents of the infrastructues to exchange critica
information and are always on. On the other hand, a |lot of devices
run at very |low average utlization rates. Various strategies are
being defined to inprove network utilization of these devices and
thus i nprove power consunption

The first step to obtain a network wide viewis to start with an

i ndi vi dual device view of the system and address different devices in
the network on a per device basis. The easiest way to neasure the
power consunption of a device is to use a power neter. This can be
used to nmeasure power under a variety of conditions affecting power
usage on a networking device.

Various techni ques have been defined for energy managenent of
net wor ki ng devi ces. However, there is no conmon strategy to actually
benchmark power utilization of networking devices |like routers or
switches. This docunent defines the mechanismto correctly
characterize and benchnmark the power consunption of various
net wor ki ng devices so as to be able to correctly neasure and conpare
the power usage of various devices. This will enable intelligent
decisions to optinize the power consunption for individual devices
and the network as a whole. Benchmark are also required to conpare
ef fecti veness of various energy optimn zation techni ques.

The Networ k Energy Consunption Rate (NECR) as well as Network Energy
Proportionality Index (NEPI) is also defined here.

The procedures/ netrics defined in this docunment have been used to
performlive nmeasurenent with a variety of networking equi pnent from
three large well known vendors.

Chal | enges in defining benchmarks

Usi ng the "Maxi num Rat ed Power" and spec sheets of devices and adding
the values for all devices are of little use because the neasurenent

gi ves the maxi num power that can consuned by the device, however that
does not accurately reflect the power consuned by the device under a
normal work |oad. Typical energy requirenents of a networking device
are dependent on device configuration and traffic.

The ratio of the actual power consuned by the device on an average,
to its maxi mumrated power varies widely across different device
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fanmlies. Thus, relying nerely on the maxi numrated power can
grossly overestimate the total energy consuned by networKking
equi prrent .

There are a wide variety of networking equiprment and finding a
general benchrmark to work across a variety of devices, requires a | ot
of flexibility in benchmarking methodol ogy. the workl oad and test
conditions will also depend on the kind of device.

A network device consists of a |lot of individual conponent, each of
whi ch consune power. For exanple, only considering the power
consunption of the CPU data forwarding ASIC we may ignhore the power
consunption of the other conponents |like external menory.

Power instrunmentation of a device in a live network involves

unpl uggi ng the device and plugging it into a power neter. This can
inturn lead to traffic loss. Unfortunately, nost current equi pnent
is not equipped with internal instrumentation to report power usage
of the device or its conmponents. It is for this reason the power
measurenent is done on an individual device under different network
conditions using a traffic generator

The network devices can al so dissipate significant heat. Past
studi es have shown dissipation rations of 2.5. Wich neans if the
power inis 2.5 Watt, only 1 Watt is used for actual work, the rest
is disspated as heat. This heating can |lead to nore power consuned
by fan/ conpressor for cooling the devices. Though this nethodol ogy
does not neasure the power consuned by external cooling
infrastructure, it nmeasures the power consuned internally. It also
(optionally) measures the tenperature change of the device which can
be correlated to the amount of external power consumed to cool the
devi ce.

The anmobunt of power used at startup can be nore than the average
power usage of the device. This is also neasured as part of the test
nmet hodol ogy.

3. Factors for power consunption
The metrics defined here will help operators get a nore accurate idea
of power consuned by network equi prent and hence forecast their power

budget. These will also help device vendors test and conpare the new
power efficiency enhancenents on various devi ces.
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3.1. Network Factors affecting power consunption

The first and the nost inportant factor fromthe network perspective
whi ch can determ ne the power consunption is the traffic |oad.
Benchmar ks nust be perfornmed with different traffic loads in the

net wor k.

There are now various kinds of transcivers/ connectors on a network
device. For the sane bandw dth the power usage of a device depends
on the kind of connector used. The connector/ interface type used
needs to be specified in the benchnark.

The length of the cable used al so defines the anount of power
consunmed by the system Benchmarks should specify the cable | ength
used. For exanple, a 5 neter cable can be used wherever possible.

3.2. Device Factors affecting power consunption

Base Chassis Power - typically, higher end network devices conme with
a chassis and card slots. Each slot may have a nunber of ports. For
the | ower end devices there are no renovable card slots. In both
these cases the base chassis power consists of processors, fans,
menory, etc.

Nunmber of line cards - In switches that support inserting |inecards,
there is alimt on the nunber of ports per linecard as well as the
aggregate bandwi dth that each |linecard can accommodate. This
mechani sm al | ows network operators the flexibility to only plug in as
many |inecards as they need. For each benchmark the total nunber of
line cards plugged into the system needs to be specified.

Nunmber of active ports - This termrefers to the total nunber of
ports on the switch (across all the linecards) that are active (with
cabl es plugged in). The remaining ports on the switch are explicitly
di sabl ed using the switchs command |line interface. For each
benchmark t he nunber of active and passive ports nust be specified.

Port settings - Setting this paranmeter limts the line rate
forwardi ng capacity of individual ports. For each benchmark the port
configuration and settings need to be specified.

Port Utilization - This termdescribes the actual throughput flow ng
through a port relative to its specified capacity. For each
benchmark the port utilization of each port must be specified. The
actual traffic can use the information defined in RFC 2544 [ RFC2544].

TCAM - Network vendors typically inplement packet classification in
hardware. TCAMs are supported by npost vendors as they have very fast
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| ook-up times. However, they are are notoriously power-hungry. The
size of the TCAMin a switch is widely variable. The size of the
TCAM needs to be reported in the benchmark docunment. The nunber of
TCAM entries does not affect power consunption

Firmvare - Vendors periodically rel ease upgraded versions of their
switch/router firmvare. Different versions of firmvare nay al so

i npact the device power consunption. The firmware version needs to
be reported in the benchmark docunent. Different firmware versions
have resulted in different power usage.

3.3. Traffic Factors affecting power consunption

Packet Size - Different packet sizes typically do not effect power
consunpt i on.

I nter-Packet Delay - tine between successive packets may affect power
usage but we do not neasure the effects in detail

CPU traffic - Percentage of CPU traffic. For our benchmarks we can
assune different values of CPU bound traffic. The different
percentage of CPU bound traffic nust be specified in the benchmark

4. Network Energy Consunption Rate (NECR)

To optimze the run time energy usage for different devices, the
addi tional energy consunption that will result as a factor of
additional traffic needs to be known. The NECR defines the power
usage increase in MIliwatts per Mips of data at the physical |ayer

The NECR will depend on the line card, the port and the other factors
defined earlier.

For the effective use of the NECR t he base power of the chassis, a
line card and a port needs to be specified when there is no | oad.
The measurenments nust take into consideration power optimzation
techni ques when there is no traffic on any port of a |line card.

5. Network Energy Proportionality Index (NEPI)
In the ideal case the power consumed by a device is proportional to
its network | oad. The average difference between the ideal (1) and

the measured (M power consunption defines the EPI

The ideal power is neasured by assuning the power consuned by a
device at 100%traffic |oad and using that to derive the ideal power
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usage for different traffic | oads.
EPIx = (M - Ix)/ M * 100
EPI = EPI1 + EPI2 + ....... EPIn / n
The EPI is independent of the actualy traffic load. It can thus be
used to define the energy efficiency of a networking device. A value
of 0 means the power usage is agnostic to traffic and a val ue of 100
means that the device has perfect energy proportionality.

6. Benchmark details
Al'l power neasurements are done in MIIliWatts, except NECR which is
done in MIliwatts/ Mops.

7. 1 ANA Consi derations
Thi s docunment makes no request of | ANA
Note to RFC Editor: this section may be renoved on publication as an
RFC.

8. Security Considerations

Thi s docunent raises no new security issues.
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