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Abst ract

Thi s docunent defines a standard nechani smto neasure, report, and
compar e power usage of different networking devices under different
networ k configurations and conditions.

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

Internet-Drafts are draft docunments valid for a maxi mum of six nonths
and nay 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 16 August 2026

Copyri ght Notice

Copyright (c) 2026 | ETF Trust and the persons identified as the
docunent authors. Al rights reserved.

Thi s docunent is subject to BCP 78 and the | ETF Trust’'s Lega

Provisions Relating to | ETF Docunents (https://trustee.ietf.org/
license-info) in effect on the date of publication of this docunent.
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Pl ease revi ew these docunents carefully, as they describe your rights
and restrictions with respect to this docunment. Code Conponents
extracted fromthis docunent nust include Revised BSD License text as
described in Section 4.e of the Trust Legal Provisions and are

provi ded wi thout warranty as described in the Revised BSD License.
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1. Introduction

Energy efficiency is becomng increasingly inportant in the operation
of network infrastructure. Network devices are typically always on,
but in sone cases, they run at very | ow average utilization rates.
Both network utilization and energy consunption of these devices can
be inproved, and that starts with a normalized characterization

[ RFC7460] .
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The benchmar ki ng net hodol ogy defined here will help operators to get
a nmore accurate idea of the power drawn by their network and will

al so help vendors to test the energy efficiency of their devices

[ RFC6988] .

There is no standard nmechani smto benchmark the power utilization of
net wor ki ng devices like routers or switches.
[1-D. manral - bong- power - usage] started to anal yze the issue.

Thi s docunent focuses on the nmechanismto correctly characterize and
benchmark the energy consunpti on of networking devices to better
estimate and conpare their power usage in order to assess the
performance over a set of well-defined scenario.

1.1. Requirenents Language

The key words "MJST", "MJST NOT*, "REQU RED', "SHALL", "SHALL NOT",
"SHOULD', "SHOULD NOT", "RECOMVENDED', "NOT RECOMVENDED', "MAY", and
"OPTIONAL" in this docunment are to be interpreted as described in BCP
14 [ RFC2119] [ RFC8174] when, and only when, they appear in al
capital s, as shown here

2. Aimand Scope

Benchmar ki ng can be understood to serve three related but different
obj ecti ves:

Assessi ng "which system perforns best" over a set of well-defined
scenari os.

Measuring the contribution of sub-systens to the overall systenis
performance (al so known as "nicro-benchmark").

Eval uating the evolution of a systenis energy consunption profile
against its own historical baseline to assess the inpact of
software updates, feature activation, or operational aging (also
known as "longitudinal" or "self-referential" benchnmarking).

Achi eving any of these objectives requires a well-defined set of
principles prescribing what nust be nmeasured, how nust be neasured,
and which results nust be reported. Providing those principles is
the objective of this draft. These are sinply called "the benchnark"
inthe rest of this draft.
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4.

4.

The benchmark ains to conpare the energy efficiency for individua
devices (routers and switches belonging to simlar device classes).
In addition, it ains to showase the effectiveness of various energy
optim zation techniques for a given device and |oad type, with the
obj ective of fostering inprovenents in the energy efficiency of
future generations of devices.

Replicability and Conparability

Replicability is defined as achieving the sane results with newy
collected data. Formally, it is a pre-requisite for benchmarking.
Benchmark results are neant to be conpared, and this conparison is
not sound if the individual results are not replicable.

As discussed later in this draft, replicability in power measurements
is conplex as power is affected by a wide range of paraneters, sone
of which are hard to control e.g., the roomtenperature.

Striving for "perfect” replicability would lead to prescribe
extrenely precisely all the power-inpacting factors in the test

setup. We argue that this is unrealistic and counter-productive. An
overly prescriptive benchmark becones nore conplicated to perform
Furthernore, results would then be conparable only across benchmark
results obtai ned under the exact sane test conditions, which becones
increasingly less likely as we prescribe nore and nore.

I nstead, the benchmark described in this draft proposes to report on
a nunber of power-inpacting factors, but does not enforce specific
val ues or settings for those. The aimis to nake the benchnark
easier to perform The conparison between benchmark results MAY be
sonewhat | ess accurate or fair than with a nore prescriptive
benchmark, but the hope is to have many nore conpari son points
avai l abl e, which would ultimately provide a nore robust image of the
devi ces power demands and their evolution over tine.

In short: this draft argues it is better to have many benchmark
results with a higher uncertainty than a few very precise but hardly
compar abl e ones.

Ter mi nol ogy

1. Total Wighted Capacity of the interfaces

The total weighted capacity of the interfaces (T) is the weighted sum
of all interface throughputs.

Definition:
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T=B1*T1 +...+ Bi*Ti +...+ Bn*Tm

Di scussi on:
Ti is the total capacity of the interfaces for a fixed
configuration nodel and traffic |load (the sumof the interface
bandwi dt hs)
Bi is the weighted multiplier for different traffic |levels (note
that Bl+...+Bj+...+Bm= 1, weight multipliers MAY be specified for
router, switch differently, 3 typical weighted nultipliers are
0.1,0.8,0.1)
mis the nunber of traffic load levels (if it is considered 100%
30% 0% m= 3) Note that traffic |load | evels MAY be specified
differently for router and switch, e.g., traffic |l evel 100% 10% 0%
for access router, traffic level 100% 30% 0% for core router and
data center switch.

Measur enent units:
Gops.

| ssues

The traffic | oads and the weighted nultipliers need to be clearly
established a priori.

It is unclear if the definition of the Ti is/should be linked to
the traffic load levels. For a given port configuration (which
may result in 50% of the total capacity a device can provide), one
may be interested in traffic load of e.g., 5% or 10%or the total
capacity (not only 509 .
See Al so:

[ ETSI - ES- 203-136], [ | TUT- L. 1310] , [ ATI S-0600015. 03. 2013] .

4.2. Total Weighted Power

The total weighted power (P) is the weighted sumof all power
calculated for different traffic | oads.

Definition:
P =B1*P1 +...+ Bi*Pi +...+ BmPm

Di scussi on:
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Pi is the Power of the equipnent in each traffic |oad |evel (e.qg.
100% 30% 0%

Bi is the weighted nmultiplier for different traffic levels (note
that Bl+...+Bj+...+Bm = 1)

mis the nunber of traffic load levels (if it is considered 100%
30% 0% m= 3)

Measurenent units:
Watt.
| ssues:

The traffic | oads and the weighted nultipliers need to be clearly
established a priori.

Importantly, the traffic MJUST be forwarded of the correct port!

It woul d be easy to cut power down by dropping all traffic, and,
naturally, we do not want that. A tolerance on packet | oss and/or
forwardi ng error nust be specified sonehow. That tol erance could
be zero for some benchmark problens (e.g., Non-Drop Rate (NDR)
estimation), and non-zero for others. Tolerating sonme errors may
be interesting to navigate the design space of energy saving
techni ques, such as approxi mate conputing/routing. According to
measur enent procedure in section 6.5 of [ATIS-0600015. 03. 2013],
the Equi prent Under Test (EUT) should be able to return to ful
NDR | oad. Failure to do so disqualifies the test results.

See Al so:
[ ETSI - ES-203-136], [ | TUT- L. 1310] , [ ATI S-0600015. 03. 2013].
4.3. Energy Efficiency Ratio
Energy Efficiency Ratio (EER) is defined as the throughput forwarded
by 1 watt and it is introduced in [ETSI-ES-203-136]. A higher EER
corresponds to a better energy efficiency.
Definition:
EER = T/P

Di scussi on

Tis the total weighted sumof all interface throughputs
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P is the weighted power for different traffic |oads
Measurenment units:

Gops/ Wt t.
| ssues:

The traffic | oads and the weighted nultipliers need to be clearly
established a priori.

Optionally the total capacity of the interfaces (T) can be used in
repl acenent of the total weighted capacity of the interfaces. The
former is the sumof all interface throughputs and is not I|inked
to traffic load levels. This result EER is a scal ed val ue
proportional to the EER using the total weighted capacity of the
interfaces (T)

See Al so:
[ ETSI - ES-203-136], [ | TUT-L. 1310] , [ ATI S-0600015. 03. 2013].

4.4. Total Power

The total power (Ptot) is the power of the entire equiprment, neasured

as the sumthe power drawn by all of the equi pnent’s power supply

units.

Definition:
Ptot = Pul +...+ Pui +...+ Pun

Di scussi on

Pui is the power that is drawn by one power supply unit of the
equi prent

n is the nunber of power supply units
Measurenment units:
Vatt.
| ssues:
The total power depends on many different factors, including the

runni ng configuration, the nunber and type of transceiver
connected, the forward traffic volune and pattern, the version of
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5.

6

6

the operating system the roomtenperature and humi dity/ ot her

envi ronment al di mensi ons, the aging of parts, etc. This metric
does not allow to conpare two equi pnents agai nst each over, but it
MAY be enough to assess the effect of a change on the sane

equi pnent; e.g., for optimzing the power draw by changi ng the
runni ng configuration

Importantly, the traffic MJUST be forwarded of the correct port!

It woul d be easy to cut power down by dropping all traffic, and we
of course do not want that. A tolerance on packet |oss and/or
forwardi ng error MJST be specified sonehow. That tol erance could
be zero for sonme benchmark probl ens, and non-zero for others.

Tol erating sone errors MAY be interesting to navigate the design
space of energy saving techni ques, such as approximate computing/
routing.

Ener gy Consunpti on Benchnar ki ng

The maxi mum power drawn by a device does not accurately reflect the
power under a normal workl oad. |ndeed, the energy consunption of a
net wor ki ng devi ce depends on its configuration, connected
transceivers, and traffic load. Relying nerely on the maxi numrated
power can overestimate the total energy of the networking devices.

A network device consists of nmany conponents, each of which draws
power (for exanple, it is possible to nention the power draw of the
CPU, data forwarding ASIC, nenory, fan, etc.). Therefore, it is
important to fornul ate a consistent benchnmarki ng nethod for network
devi ces and consi der the workload variation and test conditions.

Enforcing controlled conditions on test conditions (e.g.,

Temperature) is inportant for test procedure to nake sure test
conditions repeatabl e [ RFC6985]. The neasurenent condition reported
in [ ATI S-0600015. 2009] and [I TUT-L. 1310] SHOULD be applied, e.g., the
power neasurenments SHALL be perforned in a | aboratory environnent
under specific range of tenperature, hunidity and atnosphere
pressure.

Test Met hodol ogy
1. Test Setup

The test setup in general is conpliant with [RFC2544]. The Device
Under Test (DUT) is connected to a Tester and a Power Meter. The
Power Meter all ows measurenent of the device's energy consunption and
can be used to neasure power under various configurations and
conditions. Tests MJUST be done by running one or several of the
predefined traffic traces, which are crafted to test different power-
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i ntensive tasks related to packet processing. The Tester is also a

traffic generator that enables changing traffic conditions. It is
OPTI ONAL to choose a non-equal proportion for upstream and downstream
traffic.
S IR +
oo | Tester |<------- +
SRR | <ot
| o + ||
|| ||
| | Fooooo- - + ||
| +----- >| |------- + |
R > DUT [--------- +
I I
E S +
I
I
dememmaaaa +
| Power |
| Meter |
S +

Figure 1. Test Setup

It is worth nentioning that the DUT al so dissipates significant heat.
A part of the power is used for actual work while the rest is

di ssipated as heat. This heating can |ead to nore power drawn by
fans/ conpressor for cooling the devices. The benchnarking

nmet hodol ogy does not neasure the power drawn by external cooling
infrastructure. The Power Meter only neasures the internal energy
consunption of the device. Anyway, the device's tenperature change
MUST be known. It is useful to know whether device s heat managenent
plays a role in the observed differences in energy efficiency and can
be correlated to the anbunt of external power drawn to cool the

devi ce.

6.2. Traffic and Device Characterization

The traffic | oad supported by a device affects its energy
consunption. Therefore, the benchmark MJST include different traffic
| oads.

The traffic | oad MIUST specify packet sizes, packet rates, and inter-
packet del ays, as all MAY affect the energy consunption of network
devi ces [ ATI S-0600015.2009]. To enable replicable and conparabl e
results, the benchmark can specify a set of well-defined traffic
traces that MJST be used.
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There are different interface types on a network device and the power
usage al so depends on the kind of connector/transcei ver used. The
interface type used MJIST al so be specifi ed.

Power mneasurenents SHOULD be perforned only after the DUT and the
applied traffic condition have reached a stable operating state.
Stability in this context refers to the absence of transient effects
associated with traffic changes, configuration updates, or device
thermal and cool i ng behavi or

The stabilization interval, defined as the tine between applying a
traffic load or configuration and the start of power neasurenent,
MJUST be report ed.

The neasurenent interval, defined as the averagi ng wi ndow over which
i nput power is recorded, and the averagi ng nethod used MJST al so be
report ed.

Thi s met hodol ogy does not mandate specific durations for
stabilization or neasurenent intervals, as these MAY depend on device
class, inplenmentation, and test environnment; however, reporting these
intervals is required to support conparability of results.

7. Reporting Format

The benchmark focuses on data that is either controllable (e.g., the
nunber of active ports) or that can be externally neasured (e.g., the
total power). Factors that are not neasurable externally (e.g., CPU
| oad, PSU efficiency) are intentionally left out.

Net wor k Devi ce Hardware and Software versions:
For the benchmarking tests, it MJST be specifi ed.

Nunber and type of line cards:
For each test the total nunber of line cards and their types can
be varied and MJST be specifi ed.

Nunber of enabl ed ports:
For each test the nunmber of enabl ed and di sabl ed ports MJST be
speci fi ed.

Nunber of active ports:
For each test the nunber of active and inactive ports MJST be
speci fi ed.

Port settings and interface types:

For each test the port configuration and settings need to be
speci fi ed.
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Port Utilization:
For each test the port utilization of each port MJST be specified.
The actual traffic |oad can use the information defined in
[ RFC2544]. To characterize power consunption under realistic
traffic conditions, the actual traffic |oad can use variable
packet size distributions as specified in [ RFC6985].

Traffic trace:
For each test, the traffic trace used (anongst those prescribed by
the benchmark) MJST be specified.

Power measurenent:
For each test it MJST be specified. Al power neasurenents are
done in Watts.

Stabi lization and neasurenent intervals:
For each power neasurenent, the stabilization interval and the
measur enent interval (averagi ng wi ndow) MJST be reported. The
stabilization interval is the tinme between applying a traffic | oad
or configuration and the start of power neasurenment. The
measur enent interval and the averagi ng nmethod used to obtain the
reported power value MJST al so be specified. |If these intervals
differ by load | evel, the values per load | evel MJST be reported.

8. Benchnmarking Tests
8.1. Throughput
oj ect i ve:
To determne the DUT throughput according to [ RFC2544]. And to
characterize throughput under realistic traffic patterns using
vari abl e packet size distributions as specified in [ RFC6985].
Procedure:
The test is done using a multi-port setup as specified in
Section 16 and Section 26.1 of [RFC2544]. To assess throughput
under realistic Internet traffic conditions, the test is performed
using the I M X Genone packet size distributions specified in
[ RFC6985] .
Reporting format:

The results of the throughput SHOULD be reported according to
Section 7.
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8.2. Base Power
oj ect i ve:

To determ ne the base power drawn by the network device in its
factory settings.

Pr ocedur e

The neasurenent is done with the device in its factory settings,
after it finished booting, and w thout any transceiver plugged in.

Reporting format:

The results of the power neasurenent SHOULD be reported according
to Section 7.

Not e:

Thi s nmeasurenent is useful to assess the energy efficiency of
default settings.

8.3. I|dle Power
oj ect i ve:

To determ ne the power drawn by the network device in normnal
operation but without forwarding traffic.

Pr ocedur e:

The neasurenent is done with the device fully configured to
forward traffic but without any traffic actually present. Al
i nterfaces MJUST be up

Control - pl ane, nanagenent - pl ane, and background system functi ons
MAY remain active during this nmeasurenment unless explicitly

di sabl ed for the purpose of the test. Exanples include routing
prot ocol adjacencies, control signaling, telemetry processes, and
thermal managenent nechani sns. The operational state of these
functions during the neasurenment MJST be reported, as they can

i nfluence the observed power consunption.

Reporting format:

The results of the power neasurenent SHOULD be reported according
to Section 7.
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Not e:

Thi s measurenment is useful to assess the energy used to activate
the internal conponents used by the device to forward traffic. It
al so captures the efficiency of the device at activating sone

"| ow power node" when there is no traffic to forward

8.4. |dl e+ Power
oj ect i ve:

To determ ne the power drawn by the network device in nornal
operation with very small but non-zero traffic to forward.

Pr ocedur e:

The neasurenent is done with the device fully configured and the
"mnimum' traffic trace

Control - pl ane, managemnent - pl ane, and background system functi ons
MAY remain active during this nmeasurement unless explicitly

di sabl ed for the purpose of the test. Exanples include routing
protocol adjacencies, control signaling, telenetry processes, and
t hermal management nechani sns. The operational state of these
functions during the neasurement MJST be reported, as they can

i nfluence the observed power consunption

Reporting format:

The results of the power neasurenent SHOULD be reported according
to Section 7.

Not e:
The "mininmum' traffic trace creates a bidirectional flow of 1 pps
on all active interfaces. By conparison with the "Idle Power"
measur enent, this nmeasurenent captures the power cost of taking
the device out of its "l ow power node."

8.5. Power with Traffic Load

oj ect i ve:
To determ ne the power drawn by a device. The dynam c power,
which is added to the idle+ power, SHOULD be proportional to its
traffic | oad.

Pr ocedur e:
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8.

6

A specific nunber of packets at a specific rate is sent to
specific ports/linecards of the DUT. All DUT ports nust operate
under a specific traffic |oad, which is a percentage of the

maxi mum t hr oughput .

Power SHOULD be recorded only after the DUT and the offered | oad
have reached a stabl e operating state. The stabilization interva
and the measurement interval MJST be reported as described in
Section 7.

Reporting fornmat:

The results of the power neasurenent SHOULD be reported according
to Section 7.

Energy Efficiency Ratio
oj ect i ve:

To determne the energy efficiency of the DUT.
Procedure:

Col lect the data for all the traffic |oads and apply the formul a
of Section 4. For exanple, with all DUT ports operating stably
under a percentage of the maxi mumthroughput (e.g. 100% 30% 0%,
record the average input power and cal culate the total weighted
power P and then the EER

The stabilization interval and nmeasurenent interval used to obtain
the recorded average input power MJST be reported as described in
Section 7.

Reporting format:

The results of the energy efficiency rati o SHOULD be reported
according to Section 7.

Security Considerations

The benchnmarking characterization described in this docunent is
constrained to a controlled environnent (as a |aboratory) and
includes controlled stinuli. The network under benchmarki ng MJST NOT
be connected to production networKks.

Beyond these, there are no specific security considerations within
the scope of this docunent.
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10. | ANA Consi derations
Thi s docunent has no | ANA acti ons.
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