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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical
Commission) form the specialized system for worldwide standardization. National bodies that are
members of ISO or IEC participate in the development of International Standards through technical
committees established by the respective organization to deal with particular fields of technical
activity. ISO and IEC technical committees collaborate in fields of mutual interest. Other international
organizations, governmental and non-governmental, in liaison with ISO and IEC, also take part in the
work. In the field of information technology, ISO and IEC have established a joint technical committee,
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Introduction

The global economy is now reliant on information and communication technologies and the associated
generation, transmission, dissemination, computation and storage of digital data. All markets have
experienced exponential growth in that data, for social, educational and business sectors and, whilst
the internet backbone carries the traffic there are a wide variety of data centres at nodes and hubs
within both private enterprise and shared/collocation facilities.

The historical data generation growth rate exceeds the capacity growth rate of the information and
communications technology hardware and, with less than half (in 2014) of the world's population
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governments having ‘digital agendas’ to provide both citizens and businesses wit
band access, the very increase in network speed and capacity will, by itself, genera
(Jevons Paradox). Data generation and the consequential increase in data |manij
e are directly linked to increasing power consumption.

this background it is clear that data centre growth, and power consumption in par
fable consequence and that growth will demand increasing power copsumption desj
pent energy efficiency strategies. This makes the need for Key Performance Indig

ions essential.

ler to determine the overall resource effectiveness or efficiency of a data centre, a
btrics is required. For the resource effectiveness, of efficiency of data centre inf
r usage effectiveness (PUE) was defined as ISO/IE€30134-2. PUE will be utilized to

pve energy efficiency of data centre infrastruefure, such as cooling systems and p
ms. For data centres which own not only infrastructure but also IT equipment, it is al
pasure and improve resource effectivenessior efficiency of IT equipment. A data c

er. For these data centres, PUE is essential. However, a data centre which owns 4
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improving energy effectiveness or efficiency of IT equipment which they own. This docum
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measjuring the energy effectiveness or efficiency of server equipment in a data centre. A
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ver, storage, and network equipmentis called a hosting or cloud service provider. T
ers can manage IT equipment and improve resource effectiveness or efficiency ofa d

Equipment Energy Efficienéy for servers (ITEEsv) in a data centre which specifies

owns servers can use-this document to determine the energy effectiveness or
current server equipment and to improve energy effectiveness or efficiency by incly
iveness or efficiency in their procurement requirements when replacing servers d
r capacity. IT lequipment installed in a data centre consists of servers, storage 3
brk equipment: ‘But it is difficult to calculate the summarized value of the energy effe

dition, with
h ever-faster
e ever more
bulation and

ticular, is an
ite the most
ators (KPIs)

over the effective use of resources (including but not limited to/energy) and the redyction of CO;
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rastructure,
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entre, which

es only infrastructure to the customer, €ah be called a co-location data centre or hoysing service
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r expanding
ystems, and
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ency among different types of IT equipment since the metrics for measuring their performance are

ent and simple addition or average is not an appropriate method for summarizing. IT
ethod; to obtain average energy effectiveness or efficiency for servers.

EEsv defines

This

ocument is part of a series of International Standards for such KPIs and has heen

accordance with I§O/IEC 30134-1, which defines common requirements for a holistic suit

data centre resource usage effectiveness or efficiency.

produced in
e of KPIs for

The ISO/IEC 30134- series does not specify limits or targets for any KPI and does not describe or imply,
unless specifically stated, any form of aggregation of individual KPIs into a combined nor an overall KPI
for data centre resource usage effectiveness or efficiency.

© ISO/IEC 2017 - All rights reserved


https://iecnorm.com/api/?name=efffc3fe69b77a093717dfb9800b5e2e



https://iecnorm.com/api/?name=efffc3fe69b77a093717dfb9800b5e2e

INTERNATIONAL STANDARD ISO/IEC 30134-4:2017(E)

Information technology — Data centres — Key
performance indicators —

Part 4:
IT Equipment Energy Efficiency for servers (ITEEsv)

1 Scope

This document specifies Information Technology Equipment Energy Efficiency for“servdrs (ITEEsv),
a keyf performance indicator (KPI) which quantifies the energy efficiency characteristi¢s of servers
in a glata centre. ITEEsv can be calculated using a choice of pre-existing,otcontext spgcific server
performance benchmarks. ITEEsv intends to assist in improving the aggregate energy effectiveness of
servdrs in a given data centre.

This flocument:

a) defines ITEEsv;

b) describes the purpose of ITEEsv;
c) describes how to use ITEEsv;

d) describes reporting of ITEEsv.

2 ormative references

The following documents are referred*to in the text in such a way that some or all of §heir content
consfitutes requirements of this decument. For dated references, only the edition cited|applies. For
undated references, the latest edition of the referenced document (including any amendments) applies.

ISO/IEC 30134-1:2016, Information technology — Data centres — Key performance indicatqrs — Part 1:

Overvyiew and general requirements

3 Terms, defihitions and abbreviated terms

3.1 |Terms.and definitions

For thé¢purposes of this document, the terms and definitions given in ISO/IEC 30134-1 and the
followingappty:

[SO and IEC maintain terminological databases for use in standardization at the following addresses:

— IEC Electropedia: available at http://www.electropedia.org/

— ISO Online browsing platform: available at http://www.iso.org/obp

3.11

Information Technology Equipment Energy Efficiency for servers

ITEEsv

maximum performance per kW of all servers or a group of servers in a data centre

© ISO/IEC 2017 - All rights reserved 1
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3.1.2
server

134-4:2017(E)

functional unit that provides services to workstations, to personal computers or to other functional
units in a computer network

Note 1 to entry: Services may be dedicated services or shared services.

[SOURCE: IEC 60050-732:2010, 732-01-12, modified: Note 2 deleted]

3.2 Abbreviated terms
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CPU
ITEEsv
SERT
SMPE

SMPO
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Central Processing Unit

[T Equipment Energy Efficiency for servers
Server Efficiency Rating Tool

Server Maximum Performance

Server Maximum Power

4 Relevance of ITEEsv

ITEEsvis a |
in the datac
the energy e
of the server

Server energ

(P which describes the maximum performance per kW of all servers or a group of se
bntre based upon a specification or potentialyperformance of these servers. ITEEsv re
ffectiveness capability of servers, not the energy effectiveness at a real operating situ
S.

y effectiveness or efficiency is a cotbination of

a) the capacity to do work per unit energy (capability);

b) the amopnt of time the server is,actually doing work (utilization);

c) the ability of the server to reduce the energy use when the workload is reduced (f
management).

ITEEsv acco
which have |

ints for capability [list item a)] and is used to quantify the effects of introducing se
nigh capability per unit energy. The other aspects are addressed in ISO/IEC 30134-5

centres with larger(TTEEsv values, indicate, on average, installation of servers with higher e

effectivenes

b or efficiency.

d the
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flects
ation
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NOTE IT

EESV does not involve data centre infrastructure such as air conditioning, or operation

of IT

equipment. |

equipment 1n the data centre includes servers, storage systems, and network equipment. I

only addresses servers.

EEsv

ITEEsv is a KPI intended for self-improvement of a given data centre or a part of a data centre, not for
comparison among different data centres. ITEEsv should not be used to set regulation for a data centre
or individual server.
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5 Determination of ITEEsv

ITEEsv shall be determined and described by Formula (1).

ITEEsv =

where

PE;

> SMPE,
i

> smMpo,
i=

ismaximum pprfnrman‘p of a server L

-4:2017(E)

)

ITEE
A hig
powse

6 I

6.1

MPO;

The SMPE; value is the maximum or peak performance of a server i. SMPEshal
either from performance benchmark results provided by the manufacturer o
measurement where the benchmark meets the requirements of 6.2.

NOTE Options for the performance benchmark method are explained in A.}
SMPE; depends on a benchmark method applied.

is maximum power consumption of a server i in kW.

The SMPO; value is the maximum power consumption of a server. SMPO; shall
either from the use of a power consumption data.provided by the manufact
direct measurement. SMPO; shall represent the’average power used during th

be obtained
- from direct

b. The unit of

be obtained

urer or from
b benchmark

execution which obtained its corresponding'SMPE; value. Options for measurement of SMPO;

are explained in A.3 and levels of ITEEs¥)by these options are explained in Ax

NOTE The maximum value of servereénergy effectiveness varies among CPU 4
and workloads, but is often achieyed at high CPU load levels. However, only

marks, such as SERT and SPECpewer, can find the approximate maximum s
effectiveness. Most of the berichmark methods reveal the maximum perform
and the maximum powerconsumption (SMPO) of a server. As an alternative
real maximum server energy effectiveness, ITEEsv is calculated as maximum

divided by maximum power consumption.

bv is an average of the énhergy effectiveness of all servers or a group of servers in a
her ITEEsv value indicates higher processing capacity per unit of electric power (
r). ITEEsv can be improved by utilizing servers with higher energy effectiveness.

Determination of SMPE and SMPO for ITEEsv

General

inex B.

rchitectures
h few bench-
brver energy
ance (SMPE)
indicator to
berformance

data centre.
ht maximum

When using the benchmark method to determine SMPE and SMPO, the benchmark shouy

Id represent

the application of the servers being tested. For ITEEsv calculation, one benchmark method should be
applied for all servers, and benchmark methods shall not be mixed. If one benchmark method is not
appropriate for all servers due to a difference in server type, configurations, or intended loads, then
servers should be grouped so that one benchmark method can be applied. Then the ITEEsv of the
servers in a group shall be calculated. ITEEsv should not be added among these groups. If SMPE and
SMPO cannot be accurately determined for any particular servers in a group, those servers shall not be
included in the calculation of ITEEsv. When comparing historical ITEEsv values of a given data centre,
the same benchmark method shall be used every time ITEEsv is measured.

Data centre owners/operators are advised to appropriately and carefully choose the benchmark
method based on the following criteria according to the situation in the data centre they operate. When

© ISO/IEC 2017 - All rights reserved
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a benchmark method is used to calculate ITEEsv, the selected benchmark shall meet the requirements
in 6.2 and should meet the recommendations in 6.3.

NOTE Calculation examples of ITEEsv are shown in Annex C.

6.2 ITEEsv benchmark method selection requirements
Benchmarks used to calculate ITEEsv shall have:

— an SMPO that is collected using a precise and highly reproducible power and performance
measurement methodology such as those referenced in A.3;

— arun tojrun variation of effectiveness score of < 5%;
— workloads with a high correlation to server power consumption;

— a benchmark that measures and reports power and performance during execution of included
workloads;

— abenchipark thatis a generally accepted tool or its results are used for the classof server being t¢sted.

6.3 ITEEsv benchmark method selection recommendations
Benchmarkdused to calculate ITEEsv should:

— be portgble across major hardware architectures and operating systems;

— have an execution time of a full run of less than six hours;

— measurg or represent real world workloads;

— include ¢nd-to-end automation;

— specify and automatically collect configuration details needed to reproduce results;
— providefrun rules and software infrastructure for precise performance and power measuremlent;
— be publigally available worldwide;
— include flevelopers committéd to providing timely support and updates for the foreseeable future;
— include & level of tamper protection and a log file for audit purposes;

— have op¢n and trapsparent design guidelines, implementation, and result calculations;

— have ful] documentation available to enable unfamiliar parties to collect accurate results;

— notreqyire/extensive optimization expertise to obtain optimal results;

— perform output validation to ensure all systems are performing the same amount of work;

— include documentation in at least several major languages.

7 Direction for use of ITEEsv

ITEEsv can assist stakeholders with improving the energy effectiveness of their servers by providing
a measure of work performed per unit of power consumed. ITEEsv should be calculated for existing
servers and data centres for use as a baseline. When a server is replaced, the ITEEsv of the new
equipment should be greater than that of the old equipment. When additional servers are added
to increase capacity, the impact of the new equipment on ITEEsv should be determined. Likewise,
when a data centre is reconfigured, the design ITEEsv should be an improvement over the baseline
calculation. The data centre owner can check whether an ITEEsv of a newly introduced server is larger

4 © ISO/IEC 2017 - All rights reserved
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than the current ITEEsv, which is the average energy effectiveness of existing servers in a data centre.
Alternatively, when replacing servers, the data centre owner can check whether the ITEEsv of the
newly introduced server is larger than the replaced server. Then, the data centre owner can calculate
the expected value of the ITEEsv and compare it to the current ITEEsv to know the improvement of
overall energy effectiveness. The data centre owner can define any server group according to its needs
for energy effectiveness analysis as long as a single benchmark method is applied to all servers in the
group. By defining a group by an application system, the data centre owner can analyse the energy
effectiveness of the target application system.

To determine ITEEsv for the common group of servers, a single system shall be sufficient to represent
the capacity per group. This value is the modulo for capacity planning of that server model. The total

capag
for a

The
comn
such
selec

Typig

ity tsthremuttipticatiomrof the mumber of serversto that modutoConversety; thecomy
provisioned amount of power would be provisioned power multiplied by the modulo.

SMPE and the SMPO can be self-determined or provided by the systen [manu
hunicate common values, the tool used shall be identified and be an industry-wi
as those in Annex A. Reported ITEEsv values shall be based upon benchmarks whic
fion criteria stated in 6.2.

ally, data centre planning requires establishing what capabilifies exist compare

required. The assessment methods of new systems were previously listed. Older syst

asses
be gr
the a
acros
base

oppo
8 K

8.1

sed with either the latest or the majority configuration of the'existing stock. Older sys
puped as closely as possible with respect to generation of server and/or similar modu
boregate capacity and power level, the performance capacity and energy shall be adde
s groups of servers which use the same benchmarks. The resulting ITEEsv of the ex
can be compared against the ITEEsv of new servefsyto determine capacity plans and

eporting of ITEEsv

Requirements

When reporting ITEEsv, the determination methods for SMPE and SMPO shall be disclose

secul
and d
folloy

]

Table

isclosed. The determinatien method shall be described in parentheses as arguments
s:

[EEsv(determination method of SMPE).

2 shows examples of ITEEsv with several determination methods for SMPE.

Table 2 — Description examples of ITEEsv

tunities, such as supporting future needs within'the same data centre infrastructurg.

ute capacity

facturer. To
e used tool
h satisfy the

| to what is
ems may be
tems should
lo. To assess
d separately
sting server
bptimization

d in order to

e reproducibility of the reported results. In addition, the scope of measuring shall e presented

of ITEEsv as

Dg¢

ptermination method of SMPE Description

fak mh L al ITLR QNPT

OLINT llLALADvLL)Llr\lJ

SPECpower_ssj2008 ITEEsv(SPECpower_ssj2008)

LINPACK ITEEsv(LINPACK)

Ther

a)
b)

eport shall include at least the following information

ITEEsv value;

denominator);

A

where the ITEEsv calculation is applied;

d)

date of measurement;
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In case the published data were used instead of the actual measurements, these shall be referenced in
the measuring method section.

In case a self-made measuring method was used, the method shall be described and published with at
least the following information:

1) measuri

2) measuri

ng method of SMPE;
ng method of SMPO;

3) scope ofi

thereasuring method:

8.2 Recommendations

The reports
a) purpose
b) historic
c) reason f

d) refereng

hould include the following information:
of reporting;
lly recorded data of ITEEsv;

br choice of benchmark method;

e to this document, i.e. ISO/IEC 30134-4.
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Annex A
(informative)

Options for determining SMPE and SMPO

A.1 Overview

|xA provides several options for the benchmark method of measuring SMPE and SMPO

Anne which meet
the re¢quirements in 6.2 (when direct measurement options are used, an explanation.of thpse methods
is redquired according to 8.1).

A.2 |Measuring options for SMPE

A.2.1 General

SMPH is the maximum performance of a server. SMPE does not fepresent a maximum pefformance at
runnjng condition in a data centre. SMPE represents a maximuariperformance at an ideal cgndition. The
data ¢entre can obtain an SMPE value from the server manufacturer where the benchmark nieasurement
was @lone or by measuring at their experimental condition using a benchmark performance tool. The

performance and application of servers is diverse sp&it)is impractical to specify a unifi
workload to determine SMPE. To select servers relative to existing systems, published d
a relative comparison between current available systems and those existing in the dat{
thosq systems older than any published data,the oldest published data can be used as
magilitude of efficiency that can be obtained.in refreshing the server population. For ex
of servers earlier than fiscal year 2000 does not have SPECpower information for com
SPECpower values of the fiscal year 2004 model in lieu of the missing 2000 model shoul

bd, standard
ata provides
h centre. For
a minimum
ample, a set
parison. The
d be used as

ators should
can perform

sis for comparison. To obtain-the SMPE on an individual server, data centre oper
these values from the serverimanufacturer. Alternatively, the data centre operator

aracteristics
berformance
bwer impact
o determine
can be used
ent over the

of application and servers to be tested. For example, a data centre targeted for high

computing is likely té_use LINPACK to represent the work capacity (SMPE) and the p
(SMPp) for the data eentre. Similarly, volume servers are likely to use SPECpower or SERT
SMPH and SMPQOsrespectively. Server benchmarks which meet the requirements in 6.2
to defermine SMPE. For a historical comparison, a benchmark method should be consist
complarison-petiod.

A.2.2 ~Sérver Efficiency Rating Tool (SERT)

The “normalized peak performance” of SERT can be used for the SMPE value. There are twelve types
of worklet for different types of workload. The data centre owner should choose an appropriate type of
worklet depending on the type of work done by the data centre. If the data centre performs a type of
work, then an “ssj” worklet for a “hybrid” workload is appropriate.

SERT was created by the Standard Performance Evaluation Corporation (SPEC), at the request of the US
Environmental Protection Agency (EPA). It is intended to measure server energy efficiency, initially as
part of the second generation of the US EPA ENERGY STAR for Computer Servers program. Designed to be
simple to configure and use via a comprehensive graphical user interface, the SERT uses a set of synthetic
worklets to test discrete system components such as processors, memory and storage, providing detailed
power consumption data at different load levels. Results are provided in both machine- and human-
readable formats, enabling automatic submission to government-sponsored certification programs as
well as both summary and detail reports for use by potential customers. SPEC has a requirement for

© ISO/IEC 2017 - All rights reserved 7
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running SERT to ensure results are measured correctly and used in a proper fashion. Benchmark results

collected for

ITEEsv shall follow the run and publication rules as specified at:

Run and Reporting Rules: https://www.spec.org/sert/docs/SERT-Run_and_Reporting_ Rules.pdf

Fair Use Rules: https://www.spec.org/fairuse.html#SERT

SERT is the latest benchmark method and reports power and performance during execution of the

target workl

oad.

A.2.3 SPECpower_ssj2008

The benchm
SMPE value.

SPECpower_
characterist

cs of volume server class and multi-node class computers. It provides a means to me

the power (at the AC input) in conjunction with the performance of the server.

Server man
normally su
of version 1
website.

There are tw
a) use auth
This SPECpo

http://www|

ifacturers commonly use the SPEC benchmarks to evaluate their products and
bmit their results to the SPEC. All SPECpower_ssj2008 results currently require th
12. Users should use the latest version of SPECpower_ssj2008vas specified on the

(o ways to obtain the SMPE value by SPECpower_ssj2008:
orized data provided by the manufacturer.
wer_ssj2008 authorized data is available at the\following URL.

spec.org/power_ssj2008/

b) useactu

When actus

al measurements.

| measurements are performed, some licensing fee and additional equipmen

measuremerts are needed. SPEC has requiréments for running SPECpower_ssj2008 to ensure r{

are measurd
ITEEsv must

Run and Rep

https://wwy

d correctly and results arecused in a proper fashion. Benchmark results collecte
follow the run and publication rules as specified at:

orting Rules:

v.spec.org/power/docs/SPECpower_ssj2008-Run_Reporting Rules.pdf

Fair Use Rul

https://wwy

PS:

v.spec.oxg/fairuse.html#POWER_SS]2008

hrk performance value of “SPECpower_ssj2008 (ssj_ops) at 100 % load” can be used f¢r the

55j2008 is an industry-standard SPEC benchmark that evaluates the power and pérfornance

psure

then

e use
SPEC

t for

bsults
d for

A.2.4 LINPACK

The benchmark value of LINPACK can be used for the SMPE value.

LINPACK is a collection of FORTRAN subroutines that analyses and solves linear equations and linear
least-squares problems. LINPACK was designed for supercomputers and was developed between the
1970s and early 1980s. It is still being used for benchmarking and ranking of supercomputers for the
TOP500 list. The latest version is LINPACK version 2.2. For high performance computing servers, the
reference implementation of LINPACK, which is HPL, is appropriate for SMPE.

The software routines for LINPACK are publicly available at the following URL.

http://www.netlib.org/benchmark/hpl/
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Measuring options for SMPO

A.3.1 General

-4:2017(E)

If the benchmark chosen for SMPE provides both performance and power value, the measuring option
for SMPO shall be the same as the benchmark method for SMPE. If the benchmark chosen for SMPE
does not provide power value, it is recommended that the SMPO data be obtained from the server
manufacturer or measured.

A.3.2 Measuring option for SMPO for benchmarks which includes power measurement

Amoifig measuring options for SMPE Iisted in A.Z, SERT and SPECpower_ssjZ008, provide both
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mance and power value.

L1 SERT

ERT value of “Watts at highest load level” should be used for the SMPOnalue.

.2 SPECpower_ssj2008

hverage active power (W) of SPECpower_ssj2008 at 100 % load! should be used for the

Measuring option for SMPO for benchmarks which do not include powe
surement

case where the benchmark chosen for SMPE “does not include power measu
hmended that the SMPO data be obtained from:the server manufacturer or measured

L1 Use of power data provided by themanufacturer

manufacturers offer a power usercalculator for their server products and prov
offers total power consumption-for a selected server configuration. Use of this pow
al method to obtain the SMPQ.value. The rated power of the power supply (data pl4
ppropriate because it might\include a safety margin and does not necessarily repre
mum power.

L2 Measurementof power at the maximum performance state

BMPO for a server can be most accurately determined by measuring the maxi

cons

metef is required for SMPO measurement (see 6.2). For benchmarks which do not include :
to colllect poiner, it is recommended to follow power measurement best practices, such as thd
by SPEC dt https://www.spec.or

mption at jts'maximum performance state. Precise power management using a q{

ower/docs/SPEC-Power_and_Performance Methodolo
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ement, it is

de the data
er data is an
ite power) is
sent the real

mum power
hality power
1 mechanism
se described

y.pdf.

© ISO/IEC 2017 - All rights reserved


https://www.spec.org/power/docs/SPEC-Power_and_Performance_Methodology.pdf
https://iecnorm.com/api/?name=efffc3fe69b77a093717dfb9800b5e2e

ISO/IEC 30134-4:2017(E)

Annex B
(normative)

Levels of ITEEsv

Annex B defines two level designations for ITEEsv (i.e. ITEEsv1l and ITEEsv2) based on the methods
applied to SMPO. If groups of servers in the data centre used different SMPO methods, the SMPO method

of the lowes
Level 2 is m

and Level 2 1

Table B.1 — ITEEsv levels

accuracy determines the appropriate subscript of ITEEsv. These are shown in Iable B.1.
bre accurate than Level 1. If the SMPO of a group of servers is determined by both Lével 1
hen that SMPO value shall be designated to Level 1.

Level

Level 1
(ITEEsv1)

Level 2
(ITEEsv2)

SMPE

hcquisition method

Any benchmark that meets the
requirements in 6.2

Anybénchmark that meets
requirements in 6.2

the

SMPO

hcquisition method

Published data of maximum power

Measured power

10
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