Idle Coefficient theory and practice
[bookmark: _Ref453320905]
[bookmark: _Toc383097860][bookmark: _Toc383173666]





[bookmark: _Toc78635506]The idle coefficient

KPI’s to indicate energy waste in data centres



Dr. D.H. Harryvan (Certios)


[image: ]


For

 
IEA 4E Technology Collaboration Programme
Electronic Devices and Networks Annex (EDNA)

[image: Afbeelding met tekst  Automatisch gegenereerde beschrijving]




























	VERSION | STATUS
	0.6 | Concept

	DATE
	July 31st, 2021

	DISSEMINATION LEVEL
	Open

	AUTHORS (PARTNER)
	D.H. Harryvan (Certios B.V.)



	VERSIONS
	MODIFICATION(S)
	DATE
	AUTHOR(S)

	0.1
	Draft document 
	24-06-2021
	Dirk Harryvan - Certios

	0.2
	Added KPI definition and math
	07-07-2021
	Dirk Harryvan - Certios

	0.3
	Added examples and future directions
	13-07-2021
	Dirk Harryvan - Certios

	0.4 
	Proofread by F. Verhagen
	14-07-2021
	Dirk Harryvan - Certios

	0.5 
	Small changes to layout
	27-07-2021
	Dirk Harryvan - Certios

	0.6
	Concept
	31-07-2021
	Dirk Harryvan - Certios





[bookmark: _Toc77159402][bookmark: _Toc78635507]Executive summary
Addressing a request from EDNA, this document presents information on novel data centre KPI’s, the Server Idle coefficient (SIC) and the Data Centre Idle Coefficient (DCIC). The goal of this document is to inform EDNA members about the existence of these metrics, how these are calculated and what the impact of the potential use of these metrics could be, for monitoring and improving data centre energy effectiveness.
The SIC / DCIC metrics take a different approach than most other data centre KPI’s in that the proposed metrics are ineffectiveness metrics. Determining ineffectiveness rather than (in)efficiency is grounded in the fact that the work output from a data centre is undefined. In other words, since there is no known generic metric indicating the amount of work that is done by a data centre, it is impossible to define an efficiency metric that would by definition be of the format; Unit of Work per Unit of Energy. However, for servers there is a single identifiable process that is common to all servers, regardless of make, model and even architecture, that indicates that the server has no useful workload to run. This process is known as ‘Idle’. It is possible to calculate the energy used for running these idle cycles and express this as a percentage of the total energy use of the server:
  
Expanding this for the total data centre to  

The presence of ICT equipment is the reason for the existence of the data centre and the resulting IT energy use is the basis for all energy usage in a data centre.
 
where
· E(DC) is the total data centre energy consumption (annual) in kWh;
· E(IT)   is the IT equipment energy consumption (annual) in kWh;
· PUE   is the power usage effectiveness (annual).

Because the improvements made on the PUE over the past years are such that further major improvements are no longer economical, a logical next step is targeting E(IT). The reason for targeting energy use in servers is that servers are responsible for more than 80% of the total IT energy use in a data centre. Since PUE is by definition greater then 1, reducing energy use in servers is a very effective way of reducing the total energy use by data centres. The KPI’s proposed in this document quantify the energy waste in servers and the reductions in this part of the energy use do not hamper the productivity of an IT infrastructure, regardless of what this productivity entails or how it is expressed. Reducing the energy waste will result in reduction of the total IT energy assuming that the workload is unchanged. When workload increases, the energy waste reduction will slow the increase in energy demand. 
Obtaining the data needed for the SIC calculation requires the cooperation of the owner of the server, who is often not the same as the owner of the data centre. However, the data needed is simple, limited in volume and does not contain or refer to application data. The pilot described in the document proves the feasibility of collecting the needed data and illustrates the usefulness of calculating the SIC from this data.
The pilot data showed values for the SIC that ranged from 50% (best case) to over 90% (worst case). These values indicate a huge potential for savings, that can be targeted using well known practices, used in modern IT environments. The SIC also hints to a possible means of evaluating IT hardware efficiency through the equipment’s electrical power draw in relation to workload (or lack thereof). As such the SIC represents a potential useful metric whose usefulness will increase with increased adoption and experience in interpreting results from data centres across the globe.
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[bookmark: _Toc77159403][bookmark: _Toc78635508]Introduction
As stated by Hans-Paul Siderius from the Netherlands Enterprise Agency in the publication ‘Energy efficiency policy for data centres’ (1), energy use of data centres is a growing concern for policy makers.
This energy use is significant and growing, despite the improvements in energy efficiency of the ICT equipment, servers, storage devices and networking equipment, and despite the continuing improvements in the efficiency of data centre facility infrastructure (mainly cooling). An estimation of data centre energy use, including a breakdown in these elements, was published in an ICT Impact study done for the European Commission by VHK and Viegand Maagøe in 2020 (2). The table 1 below is taken from that document.

[image: ]
[bookmark: _Toc78635533]Table 1 : Estimated electricity use of data centres, including breakdown
As was stated by Hans-Paul Siderius in his report, policy making for data centres has proven itself to be difficult, mainly for two reasons;
1) A data centre is a system
2) It is difficult to impossible to quantify the function of a data centre.
Despite these difficulties, a large number of data centre key performance indicators (KPI’s) and data centre standards have been developed in an attempt to both quantify data centre efficiency as well as improve upon it. However, the lack of policy puts most of these efforts into the domain of ‘voluntary actions’. [footnoteRef:1] [1:  An exception to voluntary use of PUE is made in the Amsterdam region. In Amsterdam a building permit is only supplied to a data centre if this data centre can prove that a PUE <1,2 will be achieved. Data centres are also obliged to report the annual PUE to the appropriate authorities. ] 

Perhaps the best known and internationally recognized KPI for data centres bypasses the aforementioned difficulties by solely quantifying the effectiveness of the data centre facility infrastructure:  
· PUE Power Usage Effectiveness, ISO 30134-2
The PUE was originally developed by the Green Grid, however, it has been transferred to the ISO organization. It has been published under ISO 30134-2 (3) and is available (at cost) from  https://www.iso.org/ . 
The exact same information is also contained in the European norm, EN 50600-4-2 (4).
       Eq 1: PUE
where
· E(DC) is the total data centre energy consumption (annual) in kWh;
· E(IT)   is the IT equipment energy consumption (annual) in kWh;
· PUE   is the power usage effectiveness (annual).

Continuous attention of the industry, customers and governments for this metric has resulted in a marked improvement of the facility infrastructure of data centres. From table 1 we can conclude that averaged PUE in 2010 was 2.1 and this has dropped to 1.45 in 2020. It is expected to improve to 1.3 in 2025. However, further improvement is unlikely. As a consequence, the growth in E(IT) - mostly caused by the increase in energy use by servers - will result in an increase in total data centre energy use over the coming years (see table 1).
A closer examination of the first difficulty mentioned by HP Siderius reveals a secondary observation: 
All energy usage in the data centre is linked to the primary function of the data centre, the running of IT equipment. Since the data centre is a system, reduction of the energy usage by the IT equipment will lead to a larger reduction of the total energy used by a data centre.
Bearing in mind that the PUE is by definition greater than 1, the observation is substantiated when rewriting the PUE to show the direct relation of the IT energy usage with the total data centre energy usage:
        Eq 2: Total data centre energy
where
· E(DC) is the total data centre energy consumption (annual) in kWh;
· E(IT)   is the IT equipment energy consumption (annual) in kWh;
· PUE   is the power usage effectiveness (annual).

Since PUE optimizations from facility improvement are no longer expected, data centre energy usage can only be curbed by optimizing the E(IT). Therefore, there exists a need for a KPI that can spark a drive for IT energy savings. This paper discusses candidates for such KPI’s, the Server Idle Coefficient, SIC and the cumulative version the Data Centre Idle Coefficient, DCIC.



[bookmark: _Toc77159404][bookmark: _Toc78635509]The server idle coefficient, SIC
As mentioned in the introduction, there is need for increasing the effectiveness of the ICT infrastructure, with the added challenge of not impeding the growth of industry. Fortunately, the technological means for accomplishing this goal are already in place.   
1.1 [bookmark: _Toc77159405][bookmark: _Toc78635510]Advanced Configuration and Power Interface
Any server in operation today can be operated in a dynamic power state. Simply put, a server has the ability to match its electrical power usage to its ICT workload in some degree. The control of the dynamic range is either in the hardware itself (through BIOS settings) or in the base Operating System (OS) running on the hardware. The OS is meant here in its broader term: VMware ESX or Microsoft Hyper V are just as valid as any Windows, Linux or Unix OS.
It is important to note that the ability itself and the degree of the dynamic response is determined by the system administrator through power management settings. the control mechanisms OS and BIOS are presented to the system administrators simultaneously, the correct modus for OS controlled power management would need a BIOS setting of ‘OS-controlled’ followed with an appropriate setting within the OS. If any BIOS setting other than OS-controlled is chosen, the machine firmware will be in control of the power management.
Power management allows the computer hardware components to be put in a variety of low power modes when the demand on the component when is low. These modes are described by so called ACPI states. The Advanced Configuration and Power Interface (ACPI) provides an open standard that operating systems can use to discover and configure computer hardware components, to perform power management by (for example) putting unused components to sleep and to perform status monitoring. First released in 1996, ACPI brings the power management under the control of the operating system, as opposed to the previous BIOS-centric system that relied on platform-specific firmware to determine power management and configuration policies. The specification is central to the Operating System-directed configuration and Power Management (OSPM) system, an implementation for ACPI which removes device management responsibilities from legacy firmware interfaces via a UI.
Intel, Microsoft and Toshiba originally developed the standard, while HP, Huawei and Phoenix participated later. In October 2013, ACPI Special Interest Group (ACPI SIG), the original developers of the ACPI standard, agreed to transfer all assets to the UEFI Forum, in which all future development will take place. The UEFI Forum published the latest version of the standard, ‘Revision 6.3’, in January 2019 (5).
Power management has several steps:
· HP = High Performance – causing ACPI C-states to be locked in C0. This means that little energy is saved when the server's CPU is idle. In many cases adjustments will still be made to the clock frequencies. These adjustments fall under the so-called ACPI-P states. These adjustments happen if a CPU is not entirely idle, but underloaded.
Some hardware manufacturers offer the option of a ‘static high performance’, in which case all CPU cores will run at a fixed frequency, the so-called thermal design frequency. 
Paradoxically, the high-performance setting does not guarantee maximum performance. It is not widely known that disallowing ACPI C states above C0 will also block the use of turbo frequencies, limiting the performance of single CPU cores.
 
· Additional power management steps - many servers have multiple power management settings. These can be specific per brand and type of server. They serve to achieve more and more energy savings, as the need for CPU capacity decreases further and / or one or more core (s) are switched off (deeper). For example, CPU status:
· C0 = active;
· C1 = least aggressive form of downshift with idle
Wake-up time of a switched core is roughly 0.5 microsecond;
· C6 = heaviest C-state, CPU has no power at all
Wake-up time from C6 = roughly 40 microseconds.

If CPU ‘runs’ at 3.3 GHz, then wake-up from high C-states to C0 is within 1650 - 13,200 clock cycles (6).

To put these possible delays into perspective, the first thing to realize is that for a CPU to be put into a C6 state, this particular CPU must not have been used for a considerable amount of time. ACPI-C states apply to idle CPU’s only, the quoted wakeup latency is a hit that only happens once, when an inactive CPU needs to be added to the pool of active CPU’s. 

The second element is to look at various other delays that can occasionally happen during a computation, the response time of a hard disk is in the range of 10 ms but also network traffic can introduce microseconds of delays. Even without any handling delays (send/receive), the round-trip time over 100 meters of optical fibre alone is 1 microsecond. It is fair to conclude that it would be impossible for an end-user to detect an additional 40 microseconds delay in the response time of an application. 

The working of ACPI states (power management) seems particularly useful when we take into account the workload profile such as published by internet exchanges such as the Amsterdam internet exchange (AMS-IX):

 [image: ]
[bookmark: _Toc78635524]Figure 1 AMS-IX daily traffic
These graphs show network traffic over two 24-hour periods and demonstrate the huge difference in internet traffic over a day. One must assume that a similar variation in server CPU load should accompany the dramatic variations in network traffic. Through the use of the power management states, servers can lower their energy use when the workload decreases.
[bookmark: _Hlk37689639]

1.2 [bookmark: _Toc77159406][bookmark: _Toc78635511]defining the SIC KPI
When targeting the energy use of the IT equipment, the concept of ‘work’ re-enters the discussion. However, restating the difficulty mentioned by HP Siderius (1) in the introduction:

There is no metric for the useful work realized by the data centre. There is no consensus on the definition of ‘useful’ nor the definition of ‘work’. As a result, it is impossible to define an efficiency metric that would by definition be of the form; Unit of Work per Unit of Energy. None of the existing data centre KPI’s are therefore efficiency metrics.
Although the efficiency of servers can be expressed by benchmark workloads in a unit of work per unit of energy, the workloads in an operational data centre are diverse and importantly, do not tax the IT equipment to its maximum. While benchmarks help to distinguish various models of servers, they give no indication of the efficiency of the data centre deploying these server models.
Since useful work cannot be defined, dr. D.H. Harryvan, in ‘LEAP track 1’, a pilot program from the Amsterdam economic board commissioned by the Netherlands Enterprise Agency (7), used the reverse of work, idleness, to indicate when server resources are not being used effectively. If a server cannot schedule tasks (workload) from applications, the CPU’s run an idle loop instead. These idle cycles still cost energy, but do not produce any results. All servers, regardless of make, model and even architecture use these idle cycles and are able to report CPU utilization and thus idle time, making the idle ‘workload’ the most universally identifiable workload of all ICT workloads. 
Modern servers can, by virtue of power management features, reduce the electrical power draw of CPU’s running idle cycles, the use of these features is highly recommended but inhibits the use of simple CPU load as an indicator of effective use of resources. Instead of targeting CPU load solely, it makes more sense to target energy use of the server, specifically that part of the energy that does not produce any results, the energy use when idle.[footnoteRef:2] [2:  A simplistic comparison can be made with the fuel use of an automobile, when standing still, a running engine still consumes fuel. Total fuel use is the fuel consumption when moving plus the fuel consumption when stationary. ] 

It is thus logical to split the total energy use of a server into two parts:
       Eq 3: Server energy
It is possible to determine the energy used for running these idle cycles from easily obtainable data and express this as a percentage of the total energy use of the server (equation 4):
       Eq 4: Server Idle Coefficient
The SIC is, like the PUE, a measure of effectiveness, expressed as a percentage. The ideal value is zero, meaning that all energy is used for active cycles, the worst value is 100% meaning that systems are using energy without any results being produced. 

1.3 [bookmark: _Toc77159407][bookmark: _Toc78635512]SIC system boundaries, defining DCIC
As the name suggests, the server idle coefficient is determined for a single piece of equipment, an individual physical server. The server being monitored can be virtualized, running multiple virtual servers, or not, but all data collected concerns physical components, physical CPU load and power draw as determined by the base operating system and the power supplies of the said server.

The complete ICT hardware architecture inside a data centre is comprised of servers, storage and networking equipment. From the ICT impact study (2) we can see that servers were, are and are expected to remain the most energy needy components of the architecture. As can be seen in table 1, in the year 2020, servers used up 81% of the energy used by the entire ICT infrastructure. 
It is possible to extend the SIC to a KPI that covers the entire data centre through a simple addition over all servers in a data centre. This addition will result in the Data Centre Idle Coefficient:
       Eq 5: Data Centre Idle Coefficient
The current version of the DCIC ignores the energy use of storage and networking equipment. However, since the servers’ energy component is known (81%), the DCIC can be used to estimate the data centre energy savings potential, achievable through optimization of usage of the servers: 
[bookmark: _Hlk76539004]        Eq 6: energy savings potential

1.4 [bookmark: _Toc77159408][bookmark: _Toc78635513]required data and calculation method
The server idle coefficient is calculated using data that is obtainable from the server hardware platform. Two parameters need to be recorded for each server at a regular interval and stored for further analysis. 
The interval of measurement shall be between 1 min and 1 h. The data centre shall decide the interval based upon server operating conditions such as provisioning cycle, speed of change of the server load, change of server load in a day and characteristics of application.
The data to be recorded is:

· Total power draw [Watt];
· CPU utilization [%].

The power draw, in Watt, can be obtained from the systems management console, all modern servers make this information available to the system administrator.

CPU utilization is collected either from the master (host) operating system or from monitoring software. Where CPU utilization is expressed as a percentage of available CPU capacity. 

A short sample of such a measurement where the interval was chosen at 15 minutes will look as follows:

	Time stamp
	CPU %
	Power [W]

	28/05/2020 12:16
	24,16
	364

	28/05/2020 12:31
	28,2
	359

	28/05/2020 12:46
	53,57
	408

	28/05/2020 13:01
	24,54
	351

	28/05/2020 13:16
	24,43
	356

	28/05/2020 13:31
	28,85
	372

	28/05/2020 13:46
	35,7
	377

	28/05/2020 14:01
	45,36
	392

	28/05/2020 14:16
	29,22
	367


[bookmark: _Toc78635534]Table 2 : example output of server data
As shown in equation 3, the SIC is determined by the dividing the energy when idle and the total energy use of a server. Since the measurements yield power, P, in Watt, we apply the basic formula from physics:

       Eq 7: relation between power and energy
Given that the data is collected in intervals, the assumption is made that the power and CPU utilization represent an average value over the interval. With this approximation the integral can be replaced by a summation, calculating both idle and total energy thus involves a summation over the number of recorded intervals:
       Eq 8: total server energy
Where 
· n is the interval number;
· P(n) the recorded power for interval (n);
· t(n) the length of the interval (n).

Determining the idle energy involves both the CPU idle time as well as the power draw of the server when idle. Most monitoring solutions provide CPU load, not idle, we therefor take the CPU idle percentage as (100%- CPU load%) which results in the following formula:

       Eq 9: total server energy
Where
· n is the interval number;
· CPU%(n) the recorded CPU load in % for interval n;
· Pidle the idle power of the server;
· t(n) the length of the interval (n).

As can be seen in equation 9, there is one parameter that still needs to be determined and plays an important role in the calculations, namely Pidle, the power draw of a server when it is in an idle state.
1.5 [bookmark: _Toc77159409][bookmark: _Toc78635514]Determining Idle power
Determining the server power draw when the server is in Idle mode (Pidle) is essential for determining the SIC (see equation 9) but the determination of the Pidle is not trivial. 
The ideal situation is to have a fully installed server, including the virtualization layers, OS and applications installed but without any user programs running. 
The total power draw is recorded with the system turned on, but without any programs running, yielding Pidle.

This ideal situation cannot be used when trying to determine the Pidle in active servers. These machines cannot be isolated and user programs cannot be stopped because of a measurement of idle power.

A series of other options exist for determining the idle power draw:

1) When a server has a static power setting, the active and idle power are identical. In this case, the equations for determining the server idle coefficient simplify and the SIC equals the average CPU idle percentage; 
2) When a server has a dynamic power setting but shows a period in which CPU utilization is below 1%, the average power draw over this period can be considered a fair approximation of Pidle;
3) When a server has a dynamic power setting but is never completely idle, the linear extrapolation of the power vs CPU utilization curve towards 0% utilization will yield an acceptable value for P Pidle.

Each of the methods has been used in the analysis of the pilot results (7).

1.6 [bookmark: _Toc77159410][bookmark: _Toc78635515]Incorporating idle coefficient with existing KPI’s
When assessing a data centre, currently, the most quoted KPI is still the PUE (3). While the ISO organization has published multiple KPI’s under ISO 30134, these other KPI’s are not in common use and are not intended for other use than self-improvement.
Since the SIC and thereby the DCIC as well as the PUE are energy focused KPI’s, it is not hard to define a metric that incorporates all available data. There is no name for such a metric but an idleness corrected PUE can be imagined:
IC       Eq 10: ICPUE
where
· E(DC) is the total data centre energy consumption (annual) in kWh; 
· E(IT)   is the IT equipment energy consumption (annual) in kWh; 
· ICPUE   is the power usage effectiveness corrected for idleness(annual);
· DCIC is the data centre idle coefficient.
The result of the correction is a number that is higher than that what is currently customary in PUE reporting. If, for example, the current facility PUE would be 1.5 and idleness accounts for 50% of the energy use, the ICPUE would yield 3.
An ICPUE can now be improved on 2 fronts, by improving the efficiency of the facility and by lowering the energy used for idle cycles. The last can be achieved through the use of power management, but more effectively by consolidating virtualized workload on a limited number of servers and turning of unused infrastructure. By increasing the utilization of the infrastructure, idle energy is decreased. The ideal value of such an ICPUE would still be 1, worst case would still be infinity.
The ISO 30134 defines two KPI’s that are not often used in practice but do have some overlap with the SIC, the ITEEsv (8) and ITEUsv (9).
The IT equipment energy efficiency for servers (ITEEsv, ISO 30134-4) is a KPI which describes the maximum performance per kW of all servers or a group of servers in the data centre based upon a specification or potential performance of these servers. ITEEsv reflects the energy efficiency capability of servers, not the energy efficiency at a real operating situation of the servers.
True efficiency is not addressed by the ITEEsv, but ITEEsv accounts for capability and is used to quantify the effects of introducing servers which have high capability per unit energy. Data centres with larger ITEEsv values, indicate, on average, installation of servers with higher energy efficiency.

Determination of the value uses 2 values that characterize a server capability:

· SMPE(i) is maximum performance of a server I;
· SMPO(i) is maximum power consumption of a server i in kW.

       Eq 11: ITEEsv
The performance of a server can be expressed in any desirable quantity, and as such the unit for ITEEs depends on this number. The ISO 30134-4 states requirements for the benchmark used:

Benchmarks used to calculate ITEEsv shall have:
· a SMPO that is collected using a precise and highly reproducible power and performance measurement methodology;
· a run to run 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;
· a benchmark that is a generally accepted tool or its results are used for the class of server being tested.

The relationship between the ITEEsv and the SIC is minimal, like the SIC, an ITEEsv concerns servers only, but the ITEEsv is a one-time measurement based on a benchmark score and does not reflect the operational conditions when the server is in use. 

The IT Equipment Utilization for servers (ITEUsv) is a logical extension of the 30134-4 in the sense that the actual utilization of the servers is added into the reporting of this KPI.
ITEUsv accounts for utilization aspects and, according to its description, is used to quantify the impact of one or both of the following:
· improving utilization ratio of servers by using such technologies as virtualization and server consolidation for sharing use of servers;
· reducing the number of servers to achieve the same level of information processing.

       Eq 12: ITEUsv(t)
where
· CUSi(t) is the CPU utilization ratio of server i at time t (%);
· ITEUsv(t) is the average CPU utilization of all servers or a group of servers in a data centre at time t;
· N is the number of servers in a data centre or in a group running at time t.

       Eq 13: ITEUsv(t)

Where the summation is over the interval number I ranging from 1 to a and
· a is the number of ITEUsv(t) measurements intervals over a year (all intervals should be the same length);
· t0 is the starting time of measurement;
· e is the interval of measurement, where e × a = one year.

ITEUsv depends on a periodic registration of CPU utilization, identical to what is needed to calculate the SIC and DCIC. The important difference being that the current ITEUsv simply reports the average CPU utilization while the SIC and DCIC are energy centric measurement KPI’s where through the energy, the DCIC scales the contribution of larger and smaller servers to appropriate contributions.



[bookmark: _Toc77159411][bookmark: _Toc78635516]Examples from Pilot projects

As part of a project commissioned by the Amsterdam Economic board, a number of servers running production workloads recorded power draw and CPU utilization over a period of a week. 
The complete report is available from (7) but examples will be shown in this chapter to illustrate the calculation method, the usefulness of the metric as an overall indicator as well as the usefulness of the raw data in determining a course of action for optimization.

1.7 [bookmark: _Toc77159412][bookmark: _Toc78635517]Municipality of Amsterdam, office productivity
One of the participants in the LEAP pilot was the municipality of Amsterdam, the server shown in this example is a typical example for a well-designed virtual desktop server.  

Server description:
· ProLiant BL460c Gen8, power management setting high performance, allowing CPU P-states;
· Intel(R) Xeon(R) CPU E5-2680 v2 @ 2.80GHz, 512 GB RAM;
· Application: Multiple Citrix servers on top of VMware ESXi, 6.5.0.

A small sample of a week worth of measurements is shown in the table below:
	Server ID
	Time stamp
	Power (Watt)
	CPU load (%)

	citrix.amsterdam
	27/01/2020 05:37
	148
	1,8

	citrix.amsterdam
	27/01/2020 05:52
	147
	1,92

	citrix.amsterdam
	27/01/2020 06:07
	151
	3,84

	citrix.amsterdam
	27/01/2020 06:22
	171
	3,38

	citrix.amsterdam
	27/01/2020 06:37
	155
	2,77

	citrix.amsterdam
	27/01/2020 06:52
	179
	8,43

	citrix.amsterdam
	27/01/2020 07:07
	181
	16,68

	citrix.amsterdam
	27/01/2020 07:22
	211
	28,06

	citrix.amsterdam
	27/01/2020 07:52
	226
	36,12

	citrix.amsterdam
	27/01/2020 08:07
	202
	22,88

	citrix.amsterdam
	27/01/2020 08:22
	218
	32,13

	citrix.amsterdam
	27/01/2020 08:37
	235
	43,08

	citrix.amsterdam
	27/01/2020 08:52
	232
	34,25

	citrix.amsterdam
	27/01/2020 09:07
	236
	39,48

	citrix.amsterdam
	27/01/2020 09:22
	251
	49,36

	citrix.amsterdam
	27/01/2020 09:37
	265
	46,41

	citrix.amsterdam
	27/01/2020 09:52
	253
	50,92

	citrix.amsterdam
	27/01/2020 10:06
	266
	65,73

	citrix.amsterdam
	27/01/2020 10:22
	275
	63,93

	citrix.amsterdam
	27/01/2020 10:37
	269
	61,39


[bookmark: _Toc78635535]Table 3 : excerpt of actual monitoring data
In order to calculate the SIC, the first order of business is the calculation of the Pidle, the power draw of this particular server when idle. As stated in paragraph 2.5, several methods can be used, the choice for the method depending on the available data.
To evaluate the data, a graph is made, plotting the power draw (Watt) as function of the CPU load.

[image: ]
[bookmark: _Ref77238260][bookmark: _Toc78635525]Figure 2 : Server power draw as function of CPU load (Municipality Amsterdam)
The graph in Figure 2 contains much information, but for the determination of the Pidle, in this case, we can simply use the power draw at very low utilization, yielding a Pidle of approximately 150 Watt. The linear regression of the same data yields a Pidle of 152,8 W which underlines that the determination of Pidle is not flawless, an error of 2% a reasonable margin. 

From the entire table, using equation 8 and 9 to calculate the idle energy use and the total energy for the week of measurement, we now get:

Idle energy   20,2 kWh
Total energy 31,9 kWh
SIC = 63,3%
Average CPU idle: 80,1%

Even though, over 80% of CPU cycles are idle, due to power management, 63,3% of the server energy is spend on idle cycles. This observation underlines the usefulness of the SIC. Depending on the server technology and power management settings, the energy lost in idleness can be considerably lower than a simple observation of averaged CPU load might suggest.
Still, it remains an important observation that over 60% of the energy used by this server is spent on a process without result. To find what, if anything, can be changed in order to limit the idle energy, a different graph can be made:
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[bookmark: _Ref77238307][bookmark: _Toc78635526]Figure 3 : CPU load (%) and Power draw (W) as function of time (municipality Amsterdam)
In Figure 3, we can see the variation in demand on the server over an entire week and the associated power draw. A number of observations can be derived from the graph, the first being that the system is properly sized. During office hours, recognizable by the spikes in CPU load (Monday through Friday) CPU load reaches 80% and higher. Downsizing the system to reduce energy use is therefore not an option. It is also clear from the graph that the highest energy loss is during the time that the system is not used at all. In the evening and during the weekend there are no users, but power draw is still 150 Watt. It has been discussed with system management that it is a viable option to turn this system of at the end of business on Friday and turn it on at the start of business Monday morning.
Such an action would save 9 kWh (30% of total energy) and lower the SIC to below 50%.
Energy savings can also be obtained from simply allowing CPU C-states by changing power management to a ‘balanced’ setting. In that case, Pidle will be lowered which results in lower energy use during all hours of limited demand (see paragraph 3.3).

1.8 [bookmark: _Toc77159413][bookmark: _Toc78635518]Shared services 
Measurements performed in a financial institution during the same LEAP pilot program illustrate the effect of both resource sharing as well as the effect of static power management settings. The load profile of the servers shown in figures 3 and 4 is very different from the example in paragraph 3.1, exhibiting a much more evenly distributed character. The server hardware is very similar to the hardware described in the previous paragraph, but as will become clear, the power management setting in this case was set at ‘static high performance’. This setting does not allow changes in either CPU P or C states.
  
Server description:
· ProLiant BL460c Gen8, power management setting static high performance;
· Intel(R) Xeon(R) CPU E5-2680 0 @ 2.70GHz;
· Application: VMware server.

Below are the results for two servers that function as cluster nodes in a large VMware cluster:
[image: ]
[bookmark: _Toc78635527]Figure 4 : CPU load (%) and Power draw (W) as function of time (server 667)
[image: ]
[bookmark: _Ref77238465][bookmark: _Toc78635528]Figure 5 : CPU load (%) and Power draw (W) as function of time (server 668)

As is visible in the graphs, the power draw of both servers is completely independent of the CPU load. The effect of these static settings is most clear during a maintenance period at the end of the week. All workload from node 667 is removed and spread over the remaining cluster nodes. CPU load on 667 is near zero, the CPU load on 668 is raised by almost 20% to an average near 70%. None of these actions have any impact on the power draw of the servers.
Because power draw is static, we take Pidle in the calculation of the SIC to be identical to Ptotal, this simplifies the calculations so that the SIC is equal to CPU idle%.

For these servers, this results in:

Node 667:  SIC = 66,7%
Node 668:  SIC = 52,5%   

The same measurements show that in theory, it is possible to turn of cluster node 667 completely, the redistribution of workload would result in a SIC of approximately 30%. 

1.9 [bookmark: _Toc77159414][bookmark: _Toc78635519]influence of power management 
The LEAP pilot, the source of all data shown in this chapter, was actually conducted to demonstrate the use of power management in a server as a means of saving energy. During the pilot a limited number of participants changed the power management setting on the running server. The data that was generated allows the evaluation of a possible secondary use for the raw data for evaluation of a single server model. 
The VMware cluster being studied contained was built with on a HP blade enclosure containing:
· HPE BL460 Gen9;
· 2 x Intel(R) Xeon(R) CPU E5-2697A v4 @ 2.60GHz.

The following 2 graphs shown Figure 6 and Figure 7, were created on the basis of the data, which in this test had an interval time of 5 minutes. The two graphs show the results for a single server, without changes in workload. During the week of measuring, the power management setting of the server under study was changed from high performance to balanced mode.
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[bookmark: _Ref77238475][bookmark: _Toc78635529]Figure 6 : Server power draw as function of CPU load (P-states only)
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[bookmark: _Ref77238506][bookmark: _Toc78635530]Figure 7 : Server power draw as function of CPU load (P-states and C-states)
The linear regression lines with their mathematical description are shown in each graph.
Again, several conclusions can be drawn from the raw data and graphs.
1) As is described in hardware and OS documentation, changes in power management setting take effect immediately without requiring a reboot; 
2) the linear regression line of high-performance mode, allowing adjustment of CPU P-states only, is less steep than that of the balanced setting, which also allows CPU C-state changes; 
3) As is expected, allowing both P and C-states results in a lower Pidle than when only allowing P-state changes;
4) taking into account that there were no changes in application load when the power management setting was changed, the change in setting results in direct energy savings, the average total power dropped 11%;
5) The SIC is shown to be sensitive to changes in power management and will be improved by allowing both P and C-states.
The regression lines offer a possible novel insight for comparing different server models. When the SIC would evolve into a commonly used KPI, the data collected might be used to identify servers with deviant/unexpected behaviour. Deviant behaviour can indicate a wrong setup or the need for maintenance. As such, the data collected benefits the system owner not only by giving insight into resource allocation and usage but is also as an indicator for maintenance purposes.



[bookmark: _Toc77159415][bookmark: _Toc78635520]usability of the idle coefficient as an innovation driver  

Although examples in chapter 3 show SIC’s that are reasonably close to 50%, the same leap pilot revealed that a large number of servers have much lower utilization and thus much higher idle coefficients. The LEAP pilot was based upon servers that were selected by the participating companies and not an unbiased random selection, still average CPU idle% of 90% and higher were not uncommon, which is an indication of a huge energy savings potential. Actual resource usage numbers of ICT infrastructure at global, country or even data centre level are either unknown or unpublished, and this lack of reliable is an important caveat.
When looking at the development off the PUE as an example, it is clear that in the first period of the KPI usage, very high numbers were not uncommon and a PUE of 2 was considered to be very reasonable. Publication of this number, its use in marketing statements and minimum requirements in government tenders have resulted in a marked improvement of reported PUE numbers. More importantly, the improved PUE is indicative of a more efficient environment control within the data centres and is therefore an indicator for very substantial energy savings. Off course, one cannot attribute all of the innovations in cooling technologies to the existence of a metric, however the adoption of these innovations by data centres have most certainly been accelerated by a universally recognized method for measuring and reporting.
Worldwide figures obtained by the uptime institute show however a stalling of these facility improvements (10), information that is confirmed by the observations in the ICT impact study from VHK (2):
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[bookmark: _Toc78635531]Figure 8 : Trend in worldwide PUE numbers (uptime institute)
As discussed in this document, it is more important than ever to focus attention on the energy use of the ICT infrastructure itself in order to accommodate the continuous growth in demand for ICT services.

Over the past decades, the ICT industry has benefited from the continuous development of faster and importantly, more energy efficient chips. The computational power per kWh of electrical energy has increased exponentially with a factor of 2 each 1,6 years, generally recognised as ‘Koomey’s law’. But also, this trend is slowing; (11)
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[bookmark: _Toc78635532]Figure 9 The maximum compute efficiency of commercially available servers; source J.Koomey (11)
With the slowdown in efficiency improvements in new generations of servers, absorbing the ICT demand growth by replacing older servers with newer ones will be become less effective. All of this could result in a massive growth in the number of servers and therefor in a substantial growth in DC energy demand.

An increase in equipment utilization can help to curb this growth in energy demand and as with the PUE, the SIC/DCIC, KPI’s that clearly show the fraction of the energy that is wasted in idle, can accelerate the adoption of existing technology and spark innovations that are available to reduce this energy waste.

Existing technology includes such things as power management and virtualization utilizing virtual machines, containers and serverless computing’. But innovations are needed such as software defined data centres where the resources can be matched to the current workload and economic incentives such as price differentiation to shift workload from peak to off hours in order to get a more even workload profile.

The focus on the energy for idle instead of for active use might seem semantic, but the debate on what constitutes activity in a data centre has not yielded a clear definition in decades of discussions. The definition of what does not constitute work is simpler and traverses not only different infrastructure topologies but also different processor architectures. Work still remains to be done in order to create an actual standard, but this work is similar to, and can benefit from, the work done for the ISO 30134-5, the IT Equipment Utilization for servers (ITEUsv). A clear benefit of the SIC/DCIC above the use of the ITEUsv is that there is a clear link with energy and as shown with the measurements in paragraph 3.1, the SIC is sensitive[footnoteRef:3] to changes in power management settings. [3:  Different from the ITEUsv that claims it is influenced by server power management but doesn’t the SIC is actually shown to correctly reflect a change in a power management setting. The SIC is improved when switching from high performance to balanced.
] 

Another aspect of an energy focus is that there is the option of extending the metric to include the energy use of networking and storage equipment. These contributions are smaller than that of the servers, but still significant. The definition of the idle coefficient need not be changed, it would remain Eidle/Etotal, where idle energy for storage and networking equipment would have to be defined.

1.10 [bookmark: _Toc77159416][bookmark: _Toc78635521]Challenges for addoption
There are several challenges for the success of the idle coefficient as an accepted KPI. The most important one is that the data needed for the calculation, while easy to obtain and record, can only be obtained by those with correct permissions on the server that is monitored. This means that in a colocation data centre, the tenants must all cooperate and provide data to a central location which can, based on this data, calculate the KPI for the data centre and all individual servers. 
In current contracts, there are no provisions for such a continuous stream of data and many data centre operators prefer to keep responsibility for the IT contained in the data centre separated from the responsibility for the actual data centre and the facility equipment needed for a secured electrical supply and climate control.
For policy makers and policy enforcement, this source for data can also pose problems. If the authorities want to monitor the idle coefficient for a data centre, it will complicate matters if a list of tenants needs to be obtained and each of them contacted to request the needed information.
However, headway is being made. The LEAP pilot attracted the interest of the Dutch environmental authorities. Environmental law in the Netherlands obliges large energy consumers to take energy saving measures and obliges reporting on both energy use and the implementation status for the mandatory measures. 
For data centres in the Amsterdam region, additional requirements from the municipality places limits on the PUE of a data centre. Since reporting structures are already in place in the Netherlands and the law states that the data centre operator can be held accountable for the behaviour of its tenants, the authorities are looking into expanding the obligatory reports to include the Idle Coefficients.
The way the Dutch authority is currently trying to address this situation is based upon voluntary agreements. While the big challenge is that the primary data source is from the ICT owner, this also constitutes an opportunity for a data centre to intensify the relationship with its tenants. As discussed in chapter 3, the data does not only yield the idle coefficient, but it also provides insight in capacity utilization and optimization will immediately lead to cost reductions. The DC operator can, based upon experience with many of its clients, function as a valued adviser on top of the services the operator already provides. 

For large companies and shared services providers that are also data centre owners, it is more straight forward to calculate the KPI’s, but in all cases, the obstacle remains that openness about the idle coefficient is new and companies might not want these numbers to be made public. 
This need not be highly problematic, again taking the Dutch example, energy and PUE reporting by a data centre to the appropriate authorities is mandatory, but these authorities cannot disclose this information before it is anonymized. In this way insight is gained in the total impact of the data centres on the energy infrastructure and in the possibilities for energy saving measures, without any image damaging information being published.

The last challenge is a technical one, data integrity and validity must be guaranteed even though it is obtained from multiple sources. The logical method would be trough monitoring agents placed upon the servers, but issues around security and privacy must be addressed before large scale applications collecting data from all servers within a data centre can be used. These issues are important, but certainly not hard to solve. For the LEAP pilot for instance, a script collecting and storing the required data was created for VMware users by VMware the data was stored locally and forwarded to D.H. Harryvan later for processing. The support of major parties such as the hardware manufacturers and operating system providers (Microsoft, VMware and others) will be needed but with the increased use of a KPI comes the development of tools and software to determine it. 

1.11 [bookmark: _Toc77159417][bookmark: _Toc78635522]next steps
As mentioned in the previous paragraph, the current lack of information on the exact energy use and the split in what is effectively used and what not is a serious caveat. Browsing the internet, there is simply too much conflicting and unconfirmed information on the use of resources by the IT industry as a whole and data centre specifically.
In order to assess the need for policies, it seems that a first step might be to require reporting from large energy users. Legislation that requires reporting on energy use and on the adoption of energy saving measures exists in the Netherlands and has provided valuable insight into areas for energy savings. For data centres such reporting could include total annual energy use and an annualised PUE report such as is already required for participants in the EU code of conduct for data centres (12). Such a report can then be extended with the DCIC calculation.
When such data is compiled, analysis of raw data will suggest courses of action to diminish actual energy use or to diminish the rate of growth of the energy use. Preferably, the organizations analysing the energy data would supply the data centre and/or ICT equipment owners with advice on measures that result in a more effective use of resources and leave it to the industry to adopt these measures on a voluntary basis. The European Code of Conduct [EU CoC] for Data Centres (12) is an example of such a scheme where participants voluntarily join and commit themselves to the adoption of the measures described in the best practices guide. The best practices guide of the EU CoC already contains practices that allow determination and optimization of the SIC, specifically:
· Enable power management features; Formally change the deployment process to include the enabling of power management features on IT hardware as it is deployed. This includes BIOS, operating system and driver settings.
· Energy and temperature reporting hardware; Select equipment with power and inlet temperature reporting capabilities, preferably reporting energy used as a counter in addition to power as a gauge. 
· Control of equipment energy use; Select equipment which provides mechanisms to allow the external control of its energy use. An example of this would be the ability to externally restrict a server’s maximum energy use or trigger the shutdown of components, entire systems or sub-systems. Consider the use of user defined policies.
· IT Equipment utilisation; Set minimum or average targets for the utilisation of IT equipment (servers, networking, storage).
· Control of system energy use; Consider resource management systems capable of analysing and optimising where, when and how IT workloads are executed and their consequent energy use. 
When adoption of these best practices is below a desired level, policies that are more restrictive can be necessary to push adoption. One example of such local policy is the permit system such as it is used in the Amsterdam region. Data centres will need to show a (design) PUE of 1.2 or better in order to obtain and retain a permit. How such a PUE can be obtained is not prescribed, a number of solutions exist, it is up to the data centre operator to choose the solutions that fit his purpose best. 
Setting the level that must be attained is the result of many years of monitoring, combined with the input of subject matter experts, a similar approach can be envisioned for the use of the idle coefficients. First monitoring, data analysis and expert input, resulting in minimum levels that can and should be attained by the industry. 
In the case of the idle coefficients, setting a maximum DCIC goal might not be realistic, in which case it is feasible to mandate the implementation of best practices specifically. Dutch environmental law uses such lists, that are industry specific. The data centre industry in the Netherlands is subject to such a list of mandatory measures. The list (13) is published on the website of the Netherlands Enterprise Agency and described measures that have a proven return on investment of less than 5 years. Specific to improving the SIC, the use of power management features for example is listed as a mandatory action.
Aside from direct actions, compiling data on the use of resources by the data centre industry is as important as is the sharing of this data. (Anonymised) data can be useful for identifying best practices and the proliferation of these practices at a faster pace than is currently the norm. Government organisations can play an important role as a trusted data hub where all of this data is collected and analysed without direct commercial goals but with environmental goals that are coupled to an attitude of not impeding the growth of an industry that has become so crucial to our economy.
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