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Foreword

ISO (the International Organization for Standardization) and IEC (the International Electrotechnical

Commis

sion) 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. |

the field of information technology, ISO and [EC have established a joint technical committe

ISO/IEC
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Attention is drawn to the possibility that some of the elements of this document may be the subjeqt

of pater]
rights.
Introdu

For an

express
World T
URL: wy

)

JTC 1.

cedures used to develop this document and those intended for its further maintenangé are
d in the ISO/IEC Directives, Part 1. In particular the different approval criteria needed fqr
rent types of document should be noted. This document was drafted in accordance with thie
rules of the ISO/IEC Directives, Part 2 (see www.iso.org/directives).

t rights. ISO and IEC shall not be held responsible for identifying d@ny“or all such patent
Details of any patent rights identified during the development of the ‘decument will be in thie
tion and/or on the ISO list of patent declarations received (see wwwriso.org/patents).

e name used in this document is information given for the convenience of users and does nqt
e an endorsement.

bxplanation on the voluntary nature of standards, the{meaning of ISO specific terms anfd
ons related to conformity assessment, as well as information about I1SO's adherence to t

rade Organization (WTO) principles in the Technical Barriers to Trade (TBT) see the followi&E
w.iso.org/iso/foreword.html.

This dod
Informa

A list of

ument was prepared by ISO/IEC JTC 1, Information technology, SC 39, Sustainability for and b
fion Technology.

~

hll the parts in the ISO 30134- series\¢an be found on the ISO website.
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Introduction

The global economy is now reliant on information and communication technologies and the as

sociated

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

aving access to an internet connection, that growth in data can only accelerate. In additi
hany governments having ‘digital agendas’ to provide both citizens and businesses with ev

sage (Jevons Paradox). Data generation and the consequential increase in data»manipula
torage are directly linked to increasing power consumption.

Vith this background it is clear that data centre growth, and power consumption in particu

Dt »n =

missions essential.

ower usage effectiveness (PUE) was defined as ISO/IEC 30134-2. PUE will be utilized to mea
mprove energy efficiency of data centre infrastructure, such as cooling systems and powe
ystems. For data centres which own not only infrastructure but also IT equipment, it is also n
b measure and improve resource effectiveness.or efficiency of IT equipment. A data centr

heir current server equipment and to improve energy effectiveness or efficiency by includin

fficiency among different types of IT equipment since the metrics for measuring their perform

Q. O =5 »n @ o < 5 ot = Qs s et L —rs O —

he meth@d)to obtain average energy effectiveness or efficiency for servers.

—

hiscdgcument is part of a series of International Standards for such KPIs and has been pro
dccordance with ISO/IEC 30134-1, which defines common requirements for a holistic suite of

C
ly
1
Broadband access, the very increase in network speed and capacity will, by itself, geherate eyer more
u
S

ommunications technology hardware and, with less than half (in 2014) of the world's population

bn, with
br-faster

ion and

ar, is an

hevitable consequence and that growth will demand increasing power £onsumption despite the most
tringent energy efficiency strategies. This makes the need for Key. \Performance Indicators (KPIs)
hat cover the effective use of resources (including but not limited to‘energy) and the reductign of CO;

h order to determine the overall resource effectiveness or €fficiency of a data centre, a holidtic suite
f metrics is required. For the resource effectiveness_or efficiency of data centre infrastfructure,

bure and
r supply
bcessary
b, which

rovides only infrastructure to the customer, ¢an be called a co-location data centre or housing service
rovider. For these data centres, PUE is esséntial. However, a data centre which owns and provides
server, storage, and network equipment is called a hosting or cloud service provider. Thes¢ service
roviders can manage IT equipment and improve resource effectiveness or efficiency of a data dentre by
mproving energy effectiveness or.efficiency of IT equipment which they own. This document $pecifies
he IT Equipment Energy Efficiency for servers (ITEEsv) in a data centre which specifies a mdthod for
heasuring the energy effectiveness or efficiency of server equipment in a data centre. A datl centre
Fhich owns servers can use‘this document to determine the energy effectiveness or effidiency of

b energy

ffectiveness or efficiency in their procurement requirements when replacing servers or expanding
erver capacity. ITCequipment installed in a data centre consists of servers, storage systegms, and
etwork equipment: But it is difficult to calculate the summarized value of the energy effectivieness or

ance are

ifferent and Simple addition or average is not an appropriate method for summarizing. ITEEsy defines

Huced in
KPIs for

atd CETtIe TESUUTTE USAgE effectiveness orefficiency:

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.
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Information technology — Data centres — Key
performance indicators —

Part 4:
I ) ..

1 Scope

his document specifies Information Technology Equipment Energy Efficiency fer servers (|
key performance indicator (KPI) which quantifies the energy efficiency characteristics of
n a data centre. ITEEsv can be calculated using a choice of pre-existing o1 context specifi
erformance benchmarks. ITEEsv intends to assist in improving the aggregate energy effectiy
ervers in a given data centre.

(%2 o Ml el O NN |

—

his document:

a) defines ITEEsv;

h) describes the purpose of ITEEsv;
d describes how to use ITEEsv;

d) describes reporting of ITEEsv.

Normative references

[ \S]

—]

he following documents are referred-to in the text in such a way that some or all of thein
onstitutes requirements of this.document. For dated references, only the edition cited app
undated references, the latest edition of the referenced document (including any amendments)

Q

Y

50/1EC 30134-1:2016, Information technology — Data centres — Key performance indicators -
Qverview and general requirements

3 Terms, definitions and abbreviated terms

3.1 Terms-and definitions

v w]

or thespurposes of this document, the terms and definitions given in ISO/IEC 30134-1
bllewing apply.

-

[TEEsv),
servers
c server
eness of

content
lies. For
applies.

— Part 1:

and the

[SOand TEC maintain terminotogicat databases for use in standardization at the fotlowing add

— 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
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3.1.2
server

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

For the
followin

CPU
ITEEsv
SERT
SMPE

SMPO

4 Relevance of ITEEsv

ITEEsv i
in the d4
the ener
of the se

Server ¢
a) the
b) the

c) the
mar

ITEEsv
which h
centres
effectivg

NOTE
equipme

purposes of this document the abbreviated terms given in ISO/IEC 30134-1 and“the
g apply:

Central Processing Unit

IT Equipment Energy Efficiency for servers
Server Efficiency Rating Tool

Server Maximum Performance

Server Maximum Power

wn

s a KPI which describes the maximum performance per kW of all servers or a group of server
ta centre based upon a specification or potentialperformance of these servers. ITEEsv reflect
oy effectiveness capability of servers, not the eénergy effectiveness at a real operating situatio
rvers.

-

nergy effectiveness or efficiency is a cotmbination of
Capacity to do work per unit energy.(Capability);
hmount of time the server is actually doing work (utilization);

ability of the server to.reduce the energy use when the workload is reduced (pows¢
agement).

—

iccounts for capability [list item a)] and is used to quantify the effects of introducing server
hve high capability per unit energy. The other aspects are addressed in ISO/IEC 30134-5. Dat]
with larger{''EEsv values, indicate, on average, installation of servers with higher energ
ness or effictency.

[

<<

ITEESv does not involve data centre infrastructure such as air conditioning, or operation of Il
nt, IT equipment in the data centre includes servers, storage systems, and network equipment. ITEEsv

only add

[ESSES servers.

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.

© ISO/IEC 2017 - All rights reserved
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5 Determination of ITEEsv

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

> SMPE,
i

> smMpo,
i=

ITEEsv = (D

where

SMPE;  is maximum performance of a server i,

The SMPE;jvalue is the maximum or peak performance of a server i. SMPEjishdll be ¢btained
either from performance benchmark results provided by the manufacturer or from direct
measurement where the benchmark meets the requirements of 6.2.

NOTE Options for the performance benchmark method are explained in A.2. The unit of
SMPE; depends on a benchmark method applied.

SMPO; is maximum power consumption of a server i in kW.

The SMPO; value is the maximum power consumption of a server. SMPO; shall be ¢btained
either from the use of a power consumption data provided by the manufacturer|or from
direct measurement. SMPO; shall represent the average power used during the beiichmark
execution which obtained its corresponding SMPE; value. Options for measurementjof SMPO;
are explained in A.3 and levels of ITEEsy.by these options are explained in Annex|B.

NOTE The maximum value of servérenergy effectiveness varies among CPU architectures
and workloads, but is often achieved at high CPU load levels. However, only a fey bench-
marks, such as SERT and SPECpower, can find the approximate maximum servef energy
effectiveness. Most of the berichmark methods reveal the maximum performancqg (SMPE)
and the maximum power ‘consumption (SMPO) of a server. As an alternative indjcator to
real maximum server energy effectiveness, ITEEsv is calculated as maximum perfprmance
divided by maximum power consumption.

(]

[EEsv is an average of the.ehergy effectiveness of all servers or a group of servers in a data centre.
higher ITEEsv value indicates higher processing capacity per unit of electric power (at maximum
ower). ITEEsv can be improved by utilizing servers with higher energy effectiveness.

=

6 Determination of SMPE and SMPO for ITEEsv

4.1 General

<

Vhentusing the benchmark method to determine SMPE and SMPO, the benchmark should r¢present
he appllcatlon of the servers being tested. For ITEEsv Calculatlon one benchmark method should be

2 : : bd is not
approprlate for all servers due to a dlfference in server type, conflguratlons or 1ntended 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 3
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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
megdsurement methodology such as those referenced in A.3;

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

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

— abepchmark thatis a generally accepted tool or its results are used for the class of server being tested.

6.3 ITEEsv benchmark method selection recommendations

Benchmprks used to calculate ITEEsv should:

— be fortable across major hardware architectures and operating systems;

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

— medsure or represent real world workloads;

— inclpde end-to-end automation;

— spetify and automatically collect configuration details needed to reproduce results;

— proyide run rules and software infrastructure for precise performance and power measurement;
— be fublically available worldwide;

— inclfide developers committed-to providing timely support and updates for the foreseeable future
— inclfide a level of tamper protection and a log file for audit purposes;

— have¢ open and trapspdrent design guidelines, implementation, and result calculations;

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

— notfequireextensive optimization expertise to obtain optimal results;

— per1orm 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 i

ts 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.

dapacity is the multiplication of the number of servers to that modulo. Conversely, the compute
fpr a provisioned amount of power would be provisioned power multiplied by the modulo,

[he SMPE and the SMPO can be self-determined or provided by the system»manufact
dommunicate common values, the tool used shall be identified and be an industry-wide u|
sjuch as those in Annex A. Reported ITEEsv values shall be based upon benchmarks which sa
selection criteria stated in 6.2.

[ypically, data centre planning requires establishing what capabilities” exist compared to
equired. The assessment methods of new systems were previously listed. Older systems
assessed with either the latest or the majority configuration of the eXisting stock. Older system
He grouped as closely as possible with respect to generation of server and/or similar modulo. 7
the aggregate capacity and power level, the performance capacity and energy shall be added se

epresent
he total
capacity

urer. To
sed tool
tisfy the

what is
may be
s should
0 assess
parately

dcross groups of servers which use the same benchmarks) Fhe resulting ITEEsv of the existirﬁ server

Hase can be compared against the ITEEsv of new servers.to determine capacity plans and opti
dpportunities, such as supporting future needs within'the same data centre infrastructure.

Reporting of ITEEsv

.1 Requirements

hen reporting ITEEsv, the determination methods for SMPE and SMPO shall be disclosed in
secure reproducibility of the reperted results. In addition, the scope of measuring shall be pi
and disclosed. The determination method shall be described in parentheses as arguments of I
fbllows:

ITEEsv(determination method of SMPE).

=

able 2 shows exaniples of ITEEsv with several determination methods for SMPE.

Table 2 — Description examples of ITEEsv

ization

order to
resented
'EEsv as

Determination method of SMPE Description
SERT ITEEsv(SERT)
SPECpower_ssj2008 ITEEsv(SPECpower ssj2008)
LINPACK ITEEsv(LINPACK)

The report shall include at least the following information

a) ITEEsvvalue;

b) benchmark chosen (benchmark method with its version number used for numerator and

denominator);

c) incase the measurement was made in part of the data centre, the measured server group or system

where the ITEEsv calculation is applied;

d) date of measurement;

© ISO/IEC 2017 - All rights reserved
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e) data centre identification (e.g. name, address, owner/operator).

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) measuring method of SMPE;

2) me

H +1 A | L£CAN DO
oul llls HHICLIIUU Ul OIvil U,

3) scope of the measuring method.

8.2 R«
The rep
a) pur
b) hist
c) reay

d) refe

rcommendations

brt should include the following information:
pbose of reporting;

prically recorded data of ITEEsv;

on for choice of benchmark method;

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

Options for determining SMPE and SMPO

.1 Overview

o> o

nnex A provides several options for the benchmark method of measuring SMPE and SMPO, whjch meet
he requirements in 6.2 (when direct measurement options are used, an explanation of those methods
s required according to 8.1).

— =+

A.2 Measuring options for SMPE

A.2.1 General

MPE is the maximum performance of a server. SMPE does not fepresent a maximum performance at
nning condition in a data centre. SMPE represents a maximum-performance at an ideal condition. The
ata centre can obtain an SMPE value from the server manufacturer where the benchmark measpirement
as done or by measuring at their experimental condition Gsing a benchmark performance tool. The
erformance and application of servers is diverse so-it\is impractical to specify a unified, ytandard
orkload to determine SMPE. To select servers relative to existing systems, published data provides
relative comparison between current available~Systems and those existing in the data centre. For
those systems older than any published data, the oldest published data can be used as a nmjinimum
agnitude of efficiency that can be obtained;in refreshing the server population. For example, a set
f servers earlier than fiscal year 2000 dees not have SPECpower information for comparison. The
PECpower values of the fiscal year 2004 model in lieu of the missing 2000 model should be|used as
the basis for comparison. To obtain-the SMPE on an individual server, data centre operatorf should
btain these values from the seryerimanufacturer. Alternatively, the data centre operator can jperform
the benchmark on their configuration prior to commissioning or selecting the server.

he data centre should choose an appropriate benchmark method considering the charadteristics
f application and servérs to be tested. For example, a data centre targeted for high perfprmance
mputing is likely t6 use LINPACK to represent the work capacity (SMPE) and the power impact
(PMPO) for the data‘centre. Similarly, volume servers are likely to use SPECpower or SERT to dgtermine
MPE and SMPO'respectively. Server benchmarks which meet the requirements in 6.2 can [be used
tp determine/SMPE. For a historical comparison, a benchmark method should be consistent pver the
mparisoniperiod.

.2.2Server Efficiency Rating Tool (SERT)

heénormalized peak performance” of SERT can be used for the SMPE value. There are twelye 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 workload.

A.2.3 $PECpower_ssjZ008

The benfhmark performance value of “SPECpower_ssj2008 (ssj_ops) at 100 % load” can be used for thie
SMPE vdlue.

SPECpoyver_ssj2008is an industry-standard SPEC benchmark that evaluates the power andperformand
charactgristics of volume server class and multi-node class computers. It provides a mreans to measun
the powpr (at the AC input) in conjunction with the performance of the server.

[CENe]

=}

Server manufacturers commonly use the SPEC benchmarks to evaluate their products and the
normally submit their results to the SPEC. All SPECpower_ssj2008 results(currently require the us
of versipn 1.12. Users should use the latest version of SPECpower_ssj2008 as specified on the SPE
website

Y @

There afe two ways to obtain the SMPE value by SPECpower_ssj2008:
a) useputhorized data provided by the manufacturer.
This SPECpower_ssj2008 authorized data is available at thexfollowing URL.

http://wWww.spec.org/power_ssj2008/

b) usefpctual measurements.

When dctual measurements are performed, some licensing fee and additional equipment fd
measur¢ments are needed. SPEC has requirements for running SPECpower_ssj2008 to ensure resulf
are megsured correctly and results are-tised in a proper fashion. Benchmark results collected fq
ITEEsv fnust follow the run and publication rules as specified at:

= n =

Run and Reporting Rules:

https://www.spec.org/power/docs/SPECpower_ssj2008-Run_Reporting_Rules.pdf

Fair Use|Rules:

https://www.spec.org/fairuse.html#POWER_SS]J2008

A.2.4 LINPACK

The benghmark 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/

8 © ISO/IEC 2017 - All rights reserved
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A.3 Measuring options for SMPO

A.3.1 General

017(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.

Among measuring options for SMPE listed in A.2, SERT and SPECpower_ssj2008_(provide both

Jerformance and power value.

A.3.2.1 SERT

[he SERT value of “Watts at highest load level” should be used for the SMPQ.value.

A.3.2.2 SPECpower_ssj2008
[he “average active power (W) of SPECpower_ssj2008 at 100 % load’~should be used for the SME

A.3.3 Measuring option for SMPO for benchmarks which do not include power
easurement

or a case where the benchmark chosen for SMRE>does not include power measureme
ecommended that the SMPO data be obtained fronvthe server manufacturer or measured.

A.3.3.1 Use of power data provided by themanufacturer

ost manufacturers offer a power use-calculator for their server products and provide 1
hich offers total power consumption for a selected server configuration. Use of this power d
ptional method to obtain the SMRO-value. The rated power of the power supply (data plate p
ot appropriate because it might.include a safety margin and does not necessarily represent
laximum power.

S S 0 <

=

.3.3.2 Measurementlof power at the maximum performance state

he SMPO for a server can be most accurately determined by measuring the maximun
onsumption at its)maximum performance state. Precise power management using a qualit]
neter is requiged for SMPO measurement (see 6.2). For benchmarks which do not include a me
D collect power, it is recommended to follow power measurement best practices, such as those d
y SPEC at ittps://www.spec.org/power/docs/SPEC-Power_and_Performance_Methodolo

oot 5 0 =

O value.

nt, it is

he data
hta is an
ower) is
the real

W power
y power
chanism
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Annex B
(normative)

Levels of ITEEsv

Annex B-defines-twelevel-designrationsforHHEEsv{i-e 1 TEEsvand It HEEsv2)-based-onthe-methods
applied fo SMPO. If groups of servers in the data centre used different SMPO methods, the SMPO method
of the lgwest accuracy determines the appropriate subscript of ITEEsv. These are shown in Talile B.
Level 2 s more accurate than Level 1. If the SMPO of a group of servers is determined by both Level

and Level 2 then that SMPO value shall be designated to Level 1.

=t

Table B.1 — ITEEsv levels

Level 1 Level 2
Level
(ITEEsv1) (ITEEsv2)
SUPE acquisition method Any bench_mark tha‘_c meets the Any bench_mark tha‘_c meets the
requirements in 6.2 requirements in 6.2
SMPO acquisition method Published data of maximum power Measured power
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