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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,
ISO/IEC]TC 1.
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Introduction

The ISO/IEC 30134 series defines key performance indicators (KPIs) for data centre resource
effectiveness. There are many aspects to be considered in order to improve data centre resource
effectiveness. As for resources, it may include not only energy, but also water and other natural
resources. As for data centre components, they include air conditioning, power supply, servers, storages,
and network equipment. However, it is difficult to include all aspects into one KPI, so multiple KPIs
are under development, which measure each aspects of resource effectiveness improvement. Resource
effectiveness improvement in each aspect will be performed by measuring each KPI. On the other hand,
there is a need to observe the state and trend of data centre as a whole, or holistically, by monitoring
multiple KPIs in a single view. Analysis of the KPIs from the overall perspective is also [referred to
as al holistic investigation method. This document describes a spider web chart-baséd-method and
control chart method extending the functionality of the conventional spider web chant-for yiewing and
analysing KPIs for data centre resource effectiveness. It also investigates considérations for applying
holigtic investigation methods to resource effectiveness evaluation of multiple,data centrje KPIs. The
useflulness and applicability of holistic methods are discussed using a SWOD analysis. The methods
desdribed in this document are intended for analysis and continuous improvement of a specific data
centire and not for comparing different data centres.
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Information technology — Data centres — Guidelines on
holistic investigation methodology for data centre key

pe

1

Thigdocument describes backgrounds, motivation, and general concept of holistic methodol
centre key performance indicators (KPIs) to investigate the status of KPIs. It discussesthe u
holigtic investigation methodology in terms of aggregating a KPI across different contexts,

of two or more KPIs within a single context, aggregation of two or more KPIs acress multip

and
spid

incldding upper bound and lower bound of the operational status of KPIs. This docume
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Spedifically, this document
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3.1

For

rformance indicators

Scope

aggregation of the multiple KPIs into a single indicator. This document-presents a ¢
br web chart-based data centre KPIs status observation method andl.a control ch

describes backgrounds, motivation, and general concept of holistic investigation meth
data centre KPIs,

analyses the usefulness of holistic investigation‘methodology for aggregating KPIs,

describes a spider web chart-based KPIs status observation method and a control char
spider web chart to observe the operational status of KPIs,

describes alternative and/or additional methods of representing dissimilar KPIs to tr
resource effectiveness of the data céntre, and

presents SWOT analysis results-for holistic investigation methods described in this doc

Normative references

e are no normative references in this document.

Terms, definitions and abbreviated terms

Terms and definitions
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[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

holistic investigation method
data centre resource effectiveness investigation method considering multiple key performance
indicators
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3.1.2

spider web chart
chart that consists of multiple performance indicators which are set in a circle like a spider web

3.2 Abbreviated terms

IT Information Technology

ITEEsv IT Equipment Energy Efficiency for Servers

ITEUsv T EgquipmentUtilization for Servers

KPI Key Performance Indicator

PUE Power Usage Effectiveness

REF Renewable Energy Factor

SWOT Strength Weakness Opportunity Threat

4 Background and motivation

4.1 Gendral concept of holistic investigation method

Improving the resource effectiveness and carbon footprint.ofa data centre requires the monitg
and analysis of multiple KPIs. ISO/IEC JTC 1/SC 39 has detertined that it is impractical to aggre
multiple KHIs to determine the overall energy effectiveness of a data centre. There is a need to obs|
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d trend of multiple KPIs in a single view.

rformance indicator, it is necessary to imnderstand the expected upper and lower limits
aviour of the performance indicator;There are typically two approaches that are applid
Wwestigation of data centre KPIs:

bring/modeling method: This method has been used to establish baseline performance.
ology requires the development of an optimized economic and engineering model b

s, and population density of the service territory. Typical limitations of this approach a

the engineering-models that support it can be very complicated, and the structure o
ring components relationships can be obscured through a set of assumed coefficients us
mization proeess.

hance benchmarking method: This method includes a set of specific perform
ement-indicators, such as volume billed per worker, consumed energy per product, qu
ces(continuity, water quality, complaints), coverage, and key financial data. Usually, t

ring
gate
erve

and
able

This
hsed

ting an idealized benchimark specific to each utility — incorporating the topology, demand
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f the
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hnce
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hese

birs'dre presented in ratio form to control the scale of operations. These partial measure

bare

genera

to potential problem areas.

ly available and provide the simplest way to perform comparisons: trends direct attention

Among the methods mentioned above, the performance benchmarking method is useful for evaluating
the resource efficiency of data centres because ISO/IEC JTC 1/SC 39 is offering a selection of energy
effectiveness KPIs. The performance benchmarking method may be further categorized into two types:
performance indicator-based methods and chart-based methods.

Performance indicator-based methods: In this category, the performance of the target is evaluated

by developing performance indicators for the target. For example, Hz for CPU and bytes for storage
are typical performance indicators. This category allows accurate performance evaluation and
comparison among targets, if the performance indicators are defined. Typical limitation of this
approach is that it is difficult to compare the evaluation results if performance indicators belong to
different dimensions with different units.
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Chart-based methods: This category depicts the target’s performance by using chart methods, such

as pie, bar, line, and spider web, etc. This category is useful for evaluating performance by displaying
multiple performance indicators, making analysis easier.

Since the chart-based approach supports multiple performance indicators simultaneously, it is
appropriate for a holistic method. The spider web chart in particular is well suited for the display and
analysis of multiple KPIs. A spider web chart is useful for displaying multiple KPIs in a single chart. It
is also useful for displaying multiple measurement values of several KPIs in a single chart, for example,
temporal measurement values of several KPIs. Thus, this document focuses on the spider web chart-
based holistic KPI investigation methods. It is noted that the chart-based approach, especially spider
web chart, has typical issues for applying a KPI investigation, such as scaling and normalization of KPI

valuks, KPIs with different dimensions, ordering of KPIs in the chart, graphical interpret

char

4.2

The
indi
but

diffq

t, and so on. These typical issues are discussed in Clause 6 in detail.

Usefulness of spider web chart methods for visualizing data centre KPIs

spider web chart consists of a bundle of performance indicators which-are set in a
fators are usually normalized from zero to one, one indicating the highéest possible p¢
innormalized indicators may be utilized. Individual axes may need ‘to be inverted in o
rent indicators to correlate. It is clear that the quality of the spider web charts dep

htion of the

circle. The
brformance,

rder for the

bnds on the

validlity, reliability, and comprehensiveness of the performance indieators. It is known thal the spider

web
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chart has strength on visualizing the status of performancé indicators.

irding visualization capability, spider web charts provide a synoptic description
brmance measures and make trade-offs between performance measures visible. Figur
er web chart consisting of three sets of performatce measurements and five performa
e figure, the values of each index are originally‘measured and unnormalized ones, and|
centre of the chart implies the better. Each gteen, blue, and red polygon connecting m
s of five index shows a single observation of the five indices, respectively. Using thg
ible to visually compare the performanceachievement among multiple performance me
indicators.

of multiple
e 1 shows a
Ince indices.
the farther
basurement
chart, it is
hsurements

Index 1
4
3
2
Index 5 T Index 2
0
Index 4 Index 3

Figure 1 — Example of a spider web chart consisting three performance measurements (green,

blue, and red)
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Due to the advantages, spider web charts are popularly used to assess the performance of various
evaluation objectives and to present a visual comparison of performance in various fields, especially
business management. As discussed in this clause, the visualization capability of a spider web chart
can help data centre administrators to monitor the specified performance KPIs of the data centre and
their changes so that they can improve the efficiency of the data centre. For example, by regularly
constructing the spider web chart showing the state of each KPI, the data centre administrator can
effectively monitor the temporal behaviour of the KPIs. Further, the spider web chart has general
advantages for assessing data centre KPIs rather than conventional charts such as bar chart when
assessing the multiple measurement values of multiple KPIs. The advantages of a spider web chart are

discussed in Clause 6 in detail.

4.3 Usefi
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achievement of each indicator as a single and integrated output. However, there are {
blems with aggregating heterogeneous performance indicators. Each indieator can ha
mension and scale, so aggregating multiple indicators by normalizing their original vz
characteristics of each indicator. Additionally, the aggregation procéss-can cause a sef
be masked or a minor issue can be overstated depending on how the individual indic3
Further, depending on the dimension of indicators, it may besinappropriate to aggre
licators into a single indicator.

all indicators are measured with the same dimension, aggregating multiple indicators

Pl and its operational target value, the achievement ratio explains whether the data ce
effectively according to the operational target yalue. The operational target value of 3
e intended threshold for the KPI. Assume that‘@ KPI measures the utilization ratio
pment and the administrator of the IT server'sets upper bound and lower bound of the
ational target values. If the measured KPI value exceeds the upper bound of the KPI
or may consider to install more IT servers in order to reduce the utilization ratio of IT ser
e administrator may consider to consolidate underutilized IT servers if the measured
bw the lower bound of the KPI. Thus; by integrating the achievement ratios of each KPI
e, the data centre administrator can easily determine whether the data centre is oper
[t should be noted that observing the aggregated number of the measured KPI values

for server utilization, the overuse of one server may be masked by the underuse of ano
ew of the individual server data for such events should be conducted to avoid data mas|
may occur during KPI'aggregation. However, even in this case, the relative importance
of each indicater\is obscured. Thus, the aggregated overall operational achievement
rement of the temporal changes in data centre operational efficiency. For example, ¢
[ a data centre'regularly examines the values of the overall operational achievement. At s
pverall gperational achievement of the data centre is below the threshold for the data ce
5 of each*KPI will be investigated and KPIs of which achievement is less than threshold ¢
] by\ah administrator. Once the overall operational achievement value of the data ce
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the data centre.

5 Spider web chart-based KPIs status observation method

A holistic approach enables awareness of the effect of changes made to the data centre specific from an
overall viewpoint by use of various efficiency metrics. A holistic approach helps the operator keep in
mind the effects on all metrics simultaneously.
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5.1 Principles for constructing a spider web chart using KPIs

5.1.1 Selection of axis on a spider web chart

To start a holistic approach, a data centre should define its whole scope or whole boundary to measure.
This scope might vary by each data centre, since each data centre’s functionality or service is different.
This scope defines the holistic view, within which KPIs are chosen. Then, it is most important to select
an appropriate combination of axes or KPIs used in the spider web chart. “Holistic approach” implies
that data centre should consider all ways within the scope to achieve data centre energy reduction, CO;
reduction, or improvement of sustainability. It is desirable for the combination of these axes to reflect
a]l a 7ailahle urayc within the cr‘npn o lmnrnvn data centre onnrgy nFFlr‘lnnr‘U A]cn itisdesira b]e that the
axed do not have much inter- relatlonshlp or much inter-dependency. In order to select theyappropriate
compination of axes, there is a good principle called the “MECE” principle.

The[“MECE” principle, pronounced “me see,” mutually exclusive and collectively exhaustive, is a
groyping principle for separating a set of items into subsets. In the holistic appreach, wher choosing a
compination of KPIs, KPIs should be mutually exclusive and collectively exhaustive as much|as possible.

Two| KPIs are mutually exclusive if they do not share the same wadys: of improvemen{. Mutually
exclusive principle eliminates overlapping of the aims of two KPIs and reducing inter-relationship or
inter-dependency of KPIs.

A combination of KPIs is jointly or collectively exhaustive if-all methods of improvemert are taken
into[account by at least one of KPIs because they encompass the entire range of possible ways within
the pcope. Collectively exhaustive principle guarantees‘that the data centre considers |all ways of
improvement within the scope when selecting multiple-KPIs, or these KPIs can provide holistic view.

5.1.2 Presentation of KPIs on axes

A spjider web chart is constructed using a set-¢f equally angular axes on a two-dimensional|chart. Each
axis|represents one KPI. The data length_of‘an axis is generally proportional to the magnjtude of the
KPI ffor the data point relative to the maximum magnitude of the KPI across all data points. A line is
drayn connecting the data values for\each axis. This gives a spider web chart. Since the|spider web
chai|t consists of multiple axes representing KPIs for data centre and originally measured values of each
KPI are mapped into the designated axis, there exist guidelines for presenting KPIs on axes o¢f the spider
web|chart.

The |pasic principle is that the larger value in an axis implies the higher efficiency. The follpwing are a
set df guidelines for presenting KPIs on axes.

— [The values inteach axis are originally measured values of the designated KPI for the axik.

— [The valuestin each axis are presented as the farther value from the centre of the chart i§ considered
hs theamore efficient.

— MHen the lower value of a KPI indicates the higher efficiency, the value in an axis of thg¢ KPI can be
nverted.

— Depending on a KP], the values of an axis can be normalized. The normalization can be performed
by various ways depending on the characteristics of the KPI, for example, uniform values between
0 and 1, uniform values between a and b, nonlinear values, and so on.

— The range of the normalized values of the KPI can be determined by a data centre considering the
characteristics of the data centre, such as region, type, and so on.

5.2 Example of a holistic approach

To better understand the way in which a holistic approach is meant to improve energy efficiency in data
centres, it is useful to consider the metaphor of automobile fuel efficiency. We can consider a “scope”
of automobile fuel efficiency as a whole society. Then, the improved fuel efficiency has not come about

© ISO/IEC 2016 - All rights reserved 5
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solely through the efforts of car manufacturers. Rather, progress has been made by involving automobile
manufacturers, component manufacturers, materials manufacturers, fleet operators and the drivers
themselves; thus the combined efforts of these stakeholders. The holistic approach of automobile fuel
efficiency will consist of KPIs or axes for each stakeholder’s effort toward automobile fuel efficiency.

Car manufacturers develop fuel-efficient engines and bodies, while component and materials
manufacturers set out to design and develop new materials with the goal of reducing weight. In addition,
engine control technologies and systems are developed in order to realize high levels of fuel efficiency.
A KPI for a car manufacturer might be a fuel efficiency of an automobile through its design or through
its benchmark performance. Fleet operators strive to load their vehicles in the most efficient ways, and
formulate and implement energy-saving operating plans that take routes and travel time frames into

considerati
driving. A K
These coml
are actually
a whole.

Moreover, V
the fuel eff]
other focus
KPIs, a KPI

we can realize lighter components and parts and improved body aerodynamics. In a data centre, |

improveme
supply faci
in fuel effic

more imprgvements in fuel efficiency can be achieved by improving the engine, which is centr

enabling ca

percentage

Then, we ¢
efficient au
suddenly, o
driver or fo
way of usin

As such, a
automobile
delivery plg
equipment
scope, then
data centrg
increase th
by 20 %, bt
increase th

Ir braking sharply. A fleet operator may have a KPI for eco-driving performance for
[ all drivers. In the same way;, itds important for users of IT equipment to adopt the optimum

bn, while drivers are conscious of the need for energy conservation and adopt a styleof

ined efforts — from the development and manufacture of automobiles through to*how

Fithin the scope of an automobile manufacturer, there are two main approaches to impro
ciency of the automobile itself. One involves improving the design 6f the body, whilg
es on improving the engine. So, the automobile manufacturer may divide its KPI into
for body efficiency and a KPI for engine fuel efficiency. By improving the design of the b

ht might be equivalent to improving the energy efficienCy,of air conditioning and p
ities that are associated with a building. There are limits to the degree of improve
iency that can be gained just by improving a vehicle’s body. In the case of automol

of energy-efficient servers.

an expand the scope to include drivers and fleet management. After deploying ene
fomobile, drivers try to adopt a style'of eco-driving by not taking off rapidly, acceler:

b the equipment so that eventhigher levels of energy efficiency can be attained.

manufacture, one axis.for engine and one axis for body, for a fleet operator, one axis
nning and one axisfor drivers’ eco-driving performance. For a data centre, if we consid
mmanufacturersyTFusers, building facility manufacturers, and power suppliers as a hol
all play theitréspective roles in improving energy-efficient, low-carbon performanc
operatiogs, significant CO; reductions can be attained holistically. For example, if 4
bir utilization efficiency by 20 %, equipment manufacturers improve their energy effici
lildingfacility manufacturers improve their energy efficiency by 20 %, and power util
b rdtie’of low-carbon power by 20 %, we could theoretically achieve an improvement of

0,8 x 0,8 x

8= 0.4, or about 60 % reduction of CO>

PI for a fleet operator might be a distance of a route or a travel time of all fleet aggreg:

eco-
hted.
they

used — bring about considerable reductions in energy consumption and CQO3’%emissions as

ving

the
two
ody,
pody
wer

ent
iles,
hl to

s to perform their primary function of traveling.o11 the road. In a data centre, a car’s enfgine
is equivalenmt to the servers that perform data processing: In other words, it is vital to deploy a

high

rgy-
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holistic approach for dutomobile fuel efficiency of a society may have four axes; for an
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sers
Ency
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D,8 x

5.3 Example of holistic approach of data centre by use of a spider web chart

When we consider the consumption of energy in a data centre and look at the flow of energy holistically,
we find that there are three main stages, as shown in Figure 2. For example, we can think these three
stages as a scope of data centre energy efficiency.

© ISO/IEC 2016 - All rights reserved


https://iecnorm.com/api/?name=963bd1e7be007fe5842cf266784acbed

ISO/IEC TR 2091

Stage II: Stage of
energy supplies to
support facilities

Stage III: Stage of
energy supplies to
IT equipment

Stage I: Energy leading-in stage

3:2016(E)
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Figure 2 — Flow of energy in a data centre

, at the “energy leading-in” stage (Stage 1), electricity is usually’taken from a comme
is provided by an electric utility at a high voltage. In addition, diesel or gas might be

rcial supply
b consumed

enerate electricity on-site. When a district heating, and cooling facility is avai

laple nearby,
ed water for cooling is supplied to the building. A district heating and cooling co?lipany often
cogeneration equipment that simultaneously generates heat and electricity, offering high energy

ersion efficiency. For a data centre, having such a/facility as a source of energy that

is separate

distinct from the electric power utility offers.the advantage of reducing energy risks and improve

istainability. To reduce COz emissions to mitigate climate change, data centres can als
ces of renewable energy such as solar andgwind power.

energy that the data centre draws theh moves to the stage of “energy supplies to suppo
be 2). These support facilities conSist mostly of the air conditioning equipment tha
| the heat generated by servers, and they are responsible for around half of all the en|
umed by a data centre.

Finally, at the stage of “energy supplies to IT equipment” (Stage 3), electricity is provided to IT|

whe

Becs
emi
fori

Cats
with

eby servers, storage, routers, and so on operate to provide information services to user

use energy flows as described above, the improvement of energy efficiency and redu
sions of the entire data centre can be separated to the following three categories, whic}
mprovement. dt each stage, respectively.

gory 1) Switching energy sources used in the data centre to energy sources that produc
less-0tno CO; emissions.

Cate

o introduce

rt facilities”
is used to
ergy that is

equipment,
S.

rtion of COy
are aiming

e electricity

oory 2) Improving the energy efficiency of support facilities needed by data centre oper

ations such

as air conditioning and power supply equipment.

Category 3) Improving the energy efficiency of the IT equipment used in the data centre.

To help understand and improve energy efficiency and CO, emissions of a data centre, it is useful to
view all these categories in a single chart. A spider web chart such as Figure 3 is a way to view the
various metrics in a holistic framework. In the spider web chart, KPIs for Category 1, Category 2, and
Category 3 are distributed to its axes to evaluate energy efficiency of a data centre holistically.
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KPI1 for [Category 1] Switching energy
sources used in the data
Category 1 centre to energy sources that

produce electricity with less or
no COz emissions

[Category 3] Improving
the energy efficiency of
the IT equipment used

in the data centre

As a holisti
spider web
data centrg
respectivel

For Categor
Category 3-

Category 3
virtualizati

management software.

\ W& [Category 2] Improving

energy efficiency of s

KPI3 for KPI2 for facilities needed b a
centre operatio
Category 3 Category?2
ReN

Figure 3 — Example of “Holistic approach with three KPIs”

chart. The number of axes may vary depending on theé\selection of metrics chosen by
operator. Figures 3 and 4 show variations of the¢spider chart with three and four 3
. In Figure 3, one KPI is adopted to each category;

y 3, we can divide the stage into two parts, keeping MECE principle in mind:
1) Replacing servers with high processingCapacity per unit energy.

-2) Improving server operation by-teducing the number of server units by emplo
pn technology or cutting server<power consumption in idle mode by using en

In Figure 4,
four KPIs ¢

KPI for catggory 1: Measure hew'data centres produce their own carbon-neutral electric power su

solar- and

KPI for category 2: Measurée how data centres provide highly energy-efficient facilities, thereby redy
the amount{of powerheing drawn for cooling and power supplies.

KPI for catggory-3-1: Measure how data centres introduce highly energy-efficient equipment.

KPI for catepory 3-2: Measure how data centres operate such equipment in the most energy-efficient

two metrics are adopted tg Category 3. Based on the abovementioned concept, there ca
osen to improve data céntre energy efficiency:

ind-powered generation to reduce CO, emissions.

c approach, each category should have at least one, or mer&@where applicable, metric if the

r the
Xes,

ying
ergy

n be

h as

cing

way.
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KPI for category 1

KPI for
category 2

KPI for
category 3-2

Figure 5 shows an example of a spider web chart displaying the measured values of four

data
valuy

congdidering the characteristics of each KPI.

\:/
KPI for category 3-1

Figure 4 — Example of “Holistic approach with fourdPIs”

centre. The values on each axis imply the originally measured-yvalue of each KPI and
from the centre of the chart is considered more efficient. Fhe'scale of each axis is det

TEUsv: The possible minimum and maximum value are 0 and 1.

UE: 1 is the best value and the theoretical worst)value is infinite. The range for PU
etween 1,00 and 5,00 because most data centres have PUE value less than 3,00. Or]
fficient data centre may choose the range between 1,00 and 2,00. Also, since the smallg
eans the better, PUE value 1,00 is set onghe farthest point from the centre of the char

KPIs from a
the farther
ermined by

E is chosen
an energy-
r PUE value
t.

EF: Renewable energy usage in a data centre is much smaller than the total energy wisage of the

ata centre in general. Therefore, the scale of REF is chosen by considering the REF m
esults of the example data centre:

TEEsv: ITEEsv is the ratjolof server performance and power consumption, so its
heoretically range from'0:to infinite. In this example, the range is determined by con
TEEsv measurement results of the example data centre.

Pasurement

values can
sidering the

ne polygon,
sults of the
. It is noted
tlationships
KPIs is not

replacing old IT equipment. In the figure, the dotted line implies design values for each KPI.

© ISO/IEC 2016 - All rights reserved

fficiency by


https://iecnorm.com/api/?name=963bd1e7be007fe5842cf266784acbed

ISO/IEC TR 20913:2016(E)

Figure 6 sh
a data cent

ITEUsv

Lo ITEUsv = 0,42

REF =0,00

REF 0] ITEEsv

ITEEsv=0,48

0,0
PUE

PUE =1,76

Figure 5 — Example of a spider web chart display using four KPIs

pws the applicability of a spider web chart to temporal. change observation of four KPls in
re. By observing this figure, a data centre manager can confirm how his actions between
year 2010 gnd year 2011 to improve data centre energy efficieicy worked to and influenced each

KPI.

His action o introduce consolidation of servers resulted ifwan improvement of server utilization|and

increased I[TEUsv from 0,36 to 0,43. He did not change almost any server equipment, so ITEEsv

unchanged

was

at 3,72. He can confirm that his action for*ceoling structure improvement resulted in the

PUE improvyement from 2,12 to 1,60. However, due to-the weather condition, solar panel did not gengrate
more energy, REF decreased from 0,004 9 to 0,002-2. Thus, he could confirm the effects of his agtion

on each KP

NOTE P

10

ITEUsy

ITEEsv

. Then, he can make a plan for his next action to improve data centre energy efficiencyland
estimate chlanges in each KPI value.

|:|: FY2010 (Sep) -: FY2011 (Sep)

UE cannot be less than 1,0.

Figure 6 — Example of a spider web chart for temporal change of four KPIs
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The spider chart approach offers several benefits by providing a combined visualization of all metrics.
One benefit is that the spider chart lets an operator visualize the effects of an efficiency improvement
on all metrics. The goal is to move all metrics in the same direction toward increased efficiencies.
Therefore, it would be important after investing in changes at a data centre to review the spider chart
and confirm that all metrics have improved. Finally, the spider chart can be used not only to plot current
measured performance, but also to plot target performance, so that progress towards a target can be

tracked for all metrics at once.

6 Control chart method extending a basic spider web chart to observe the

operational status

This
met

clause describes the control chart method, which extends the conventional basic spidé
nod in order to monitor and observe the operational status of a single or multiple KPIs.

6.1| Motivation for control chart method for energy efficiency monitéring

To 1
man
inve
spid
data
man

honitor the energy management efficiency of a data centre, a méthod of monitor
agement efficiency using a control chart, such as a spider web chart, is generally
stigated in Clause 5, a spider web chart is designed to indicate multiple KPIs on a sin
er web chart is used to monitor the state and/or efficiency ofiequipment in various site
centre, a power plant, and a building. In particular, in a data'centre, target values for]
agement efficiency measurement indicators of the dataZéentre are indicated on a
chailt in the form of upper and lower limits, and energy management efficiency is monit
on lgcations at which values currently measured for thé,measurement indicators are indid
chant. A conventional system for monitoring the energy management efficiency of a data c
on a|spider web chart provides the function of visualizing the results of a current measurg
a grpph. However, there is an increasing demand for extending the spider web chart-bg
effigiency monitoring method in order to provide the data centre operators with immediatg
of current energy efficiency status. The exteénsion can provide the energy efficiency operat
in the form of quantitative numeral valdes and help to monitor the temporal trend of
manfagement efficiency of a data centre.

6.2 | Control chart approachfor energy efficiency monitoring

Figure 7 illustrates an example of a control chart-based energy efficiency monitoring syste
centre using a spider web chart with five KPIs. The energy efficiency monitoring system i

r web chart

ing energy
sed. As we
ple chart. A
s, such as a
the energy
spider web
ored based
ated on the
entre based
ment using
sed energy
awareness
onal status
the energy

m in a data
h the figure

shows the measurement'results of the operational status of each KPI and the measurengent results
be compared with’'lower bound and upper bound of target efficiency of each KPI. In
to KPI5 aretméasurement indicators that are used to measure and evaluate operat

line li

the figure,
onal status

Pls so as to
| chart. The
h with blue
with green

line 1nd1cates the current measured operatlonal efflclency, and graph with red line 1llustrates the lower

limit target values of the operational efficiency of each KPI.
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KPI2
=== Jpper Bound

e Measured . O
Q’\

QV

Figure 7 — Example of a control chart-based energy effi @my monitoring system with five KPIs

N\
Figure 8 shHows a problem of the conventional contr, @art—based operational efficiency monitqring
method for{a data centre. In the figure, the porti marked by purple lines indicate that curr¢ntly

measured dperational achievement of energy efficiency values deviate from the upper and lower |imit
target valugs in terms of management targets.dn other words, the outlier and inlier marked by pyrple
line in the fjgure indicate that the current ational achievement of a corresponding KPI exceed$ the
upper of lower target values. In this case, administrator of the data centre takes necessary measfures
to enable the values of the correspo g operational achievement to fall within the manageinent
target valugs. However, it is difficu@\perform effective monitoring and control using the conventional
control chgrt method because_the corresponding portions do not provide quantitative numeyical
values. Thel|integrated value tliers and inliers may quantify the amount of uncontrolled operation.
Therefore, ninimizing the i rated value is desirable for effective operation of a data centre.
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KPI2
=== pper Bound

e Me red

—h!‘; er Bound
N

Figure 8 — Problem of the conventional c @ol chart-based operational efficiency
monitoring' method
QO

Thete exist two cases for the control chart—@d operational achievement monitoring.

Casq 1) Current measurement chart, i.e@en chart, is within the control range of KPIs
3

The Jratio of the area of current measurement chart to the area of upper bound chart can b¢ measured.
The|ratio indicates the overall &m.e ational achievement with respect to the target. The ar¢a of outlier

and nlier are zero. N
Casdg 2) Current measu@’ent chart has outlier and inlier of control chart

Theratio of the areggbcurrent measurement chart to the area of upper bound chart can b¢ measured.
The|area of outlier‘and inlier quantifies the amount of uncontrolled KPI operation. In this case, it is
desifable to mj &ZE outlier and inlier.

For 3xam1% it is assumed that the operational achievement for energy efficiency of a ddta centre is
monlito;Sdf sing five KPIs, the degree of non-achievement of management efficiency may b¢ defined by
Forrh 1):

5
> (MAX(Jx, - UB,|,|x; - LB, ))?

5 _ i=1
AV =4 : (1)

In Formula (1), AVeris the average rate of non-achievement of the energy management efficiency of a data
centre, x; is the operational achievement for the iy, KPI measurement value (0 < x;<1), LB;is a lower bound
for the operational achievement of iy, KPI (0 < LB; <1), and UB;is an upper bound for the it KPI (0 < UB; <1).
When the measured values listed in Table 1 and Figure 6 are applied to Formula (1), the average rate of
non-achievement of the operational achievement of the data centre may be calculated as 6,75 %.
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