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Abstract: Energy management for mobile devices has been traditionally a well
studied topic during the last two decades, as these devices usually do not have
a permanent connection to the power grid and thus solely rely on the limited
battery charge. However, this trend has been mostly disregarded in the context
of HPC systems as the main focus mainly relied on improving the performance
at any cost. Therefore, energy costs for operating and cooling the equipment of
current data centers have increased significantly up to a point where they are
able to surpass the hardware acquisition costs.

In this work we survey the current energy conservation efforts in distributed
systems. Hence, we start our work with the introduction of the basic principles
of power and energy management. This involves the distinguishing between
the two often misleading terms power and energy management. Furthermore,
we present several approaches on how to measure the power consumption at
system and component level. Moreover, in order to get a deeper understanding
on where the most of the power is spent within a server, we take a closer look
at its components (i.e. CPU, RAM, etc.) and outline the currently available
energy-saving mechanisms. Given that energy consumption strongly depends on
the workload characteristics we also discuss the different types of workloads (i.e.
mobile, commercial and scientific). Afterwards, we continue with the current
approaches for energy savings in distributed systems by focusing on both node
and cluster-level efforts. Finally, we finish this survey with an outline of some
open challenges and the introduction of the EcoGrappe project. Thereby, we
detail its objectives and present some of the work done at our project partner
EDF.
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Etat de I’art de ’économie d’énergie dans les
grappes de calcul et résultats de I’étude de cas
EDF

Résumé : La gestion de I’énergie pour les périphériques mobiles a beaucoup
été étudié au cours des deux derniéres décennies : les mobiles n’ont comme puis-
sance énergétique que leur seule batterie et n’ont généralement pas de connex-
ion permanente vers les puissantes grilles de calcul. Cependant, ce domaine n’a
jamais été étudié de maniére approfondie dans le contexte du calcul & haute per-
formance (HPC), le principal objectif étant fondé sur le critére de performance.
Ainsi, le cotit en énergie dépensé pour le fonctionnement et le refroidissement des
équipements informatiques des centres de calcul a augmenté de maniére signi-
ficative, jusqu’au point ou celui-ci en devient plus élevé que le cott d’acquisition
des systémes informatiques eux-mémes.

Ce travail présente un état de l'art traitant de la maitrise des dépenses
énergétiques dans les systémes distribués. Nous commencons notre étude en
introduisant les fondamentaux et les différences liés a la gestion de la puissance
et de I’énergie, deux termes trés souvent confondu. De plus, nous proposons dif-
férentes approches pour mesurer la consommation d’énergie des systémes com-
plet (par exemple, un serveur) et des composants physiques le constituant. En
outre, afin de comprendre précisément, ou est dépensé la majorité de I’énergie
consommeée par un serveur, nous étudions ses composants physiques (par ex-
emple, le processeur, la mémoire, etc.) et exposons les mécanismes d’économie
d’énergie que fournissent ses composants. La consommation d’énergie d’un sys-
téme est directement liée aux caractéristiques de la charge de travail & effectuer,
c’est pourquoi, nous présentons et discutons également des différents types de
charge de travail (par exemple les charges de travail commercial, scientifique).
Puis, nous présentons les approches courantes d’économie d’énergie dans les sys-
témes distribués en s’intéressant principalement aux grappes et aux neuds les
constituants. Enfin, nous terminons notre étude en présentant les défis restant a
résoudre ainsi que le projet EcoGrappe. Nous détaillons ces objectifs et présen-
tons des travaux fait & EDF, partenaire dans ce projet.

Mots-clés : Economie d’énergie, Gestion de ressources, Green computing,
Cloud computing, Virtualisation, Adaption dynamique
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1 Introduction

Much work has been done in order to conserve energy on mobile devices as
these devices usually do not have a permanent connection to the power grid
and solely rely on the limited battery charge. This trend from mobile devices
has been disregarded by the high-performance computing (HPC) community
for the last few decades. Thus, the main focus mainly relied on improving the
performance metrics (i.e. speed) as the only metric of matter at any cost. This
has led them to build systems composed out of a huge number of highly power
consuming components which quest towards the highest FLOPS (floating-point
operations per second) ratio.

A good example for this race is reflected in the TOP500 List (www.top500.0rg)
which ranks the worlds fastest large-scale systems according to the FLOPS met-
ric, extracted from the LINPACK benchmark [14]. Here the performance of the
fastest machine between 1993 - 2009 has grown from 59.7 Gflops to 1.75 Pflops
which is a 29,5-fold increase.

As the growing performance was mainly achieved by deploying more power
consuming components the energy costs of powering those systems have in-
creased significantly. In fact, the Japanese earth simulator which has been
leading the TOP500 List between 2002 - 2004 and replaced in 2009 required
approximately 18 megawatt of power to achieve its peak performance of 35.86
Tflops, which has resulted in 10 million dollar/year of costs alone for powering
and cooling [21]. Other studies have further estimated that power equipment,
cooling equipment and energy costs together can make up a fraction of 63% of
the total costs of ownership (TCO) of a data center [7]. These data centers
alone have consumed 61 billion kWh of U.S. energy in 2006. This is enough
energy to power 5,8 million average U.S. households [12]. Newer machines such
as the Jaguar Cray XT5-HE have reduced the power consumption but are still
measured to draw dizzying 6.9 MW according to the TOP500 List of November
20009.

Besides the huge energy costs, heat dissipation increases inevitably with
higher power consumption and doubles the probability of hardware failures [21].
Therefore, reducing the power dissipation has a significant effect on the overall
availability, reliability and productivity of a system.

Not least, the way energy is generated influences our environment either
directly by the carbon footprint or indirectly by the nuclear waste. Therefore,
reducing the energy consumption does not only save a significant amount of
money and improves the system reliability, but also helps protecting our envi-
ronment in a time where global warming approaches towards critical constraints.
First attempts to build a power-efficient, reliable and high-performance super-
computer can be dated back to 2002. This system was called Green Destiny
and composed out of 240 low-power Transmeta processors [61]. Despite all the
concerns regarding the performance of this system, it was still able to reach a
reasonable peak performance of 101 Gflops at the LINPACK benchmark with a
peak power consumption of just 3.2 kW and space requirements of five square
feet only. Furthermore, low-power requirements made this system extremely
reliable, without any unscheduled downtime during its two years of existence
[54]. Since 2004, this trend towards power-efficient computing has been led by
the IBM BlueGene/P and BladeCenter QS22 machines which all make use of
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the System-on-Chip (SoC) technology to decrease the power consumption and
still gain a reasonable performance.

In order to quantify the performance-efficiency of the systems a new met-
ric called FLOPS/Watt was introduced, which serves as the basis measure for
the 2007 founded Green500 List (www.green500.0rg), to rank the most power-
efficient systems. After a year of its existence, the first Green500 report [22
from 2009 stated an approximate 75% increase in the average power-efficiency.
These results confirm that the HPC community has finally realized the need of
energy-efficient computing and thus has started to build more and more energy-
efficient systems.

This documents surveys the current energy conservation efforts for commer-
cial clusters and scientific HPC systems. It is organized as follows. Chapter
2 describes the basic principles of power and energy management. Further, it
details the workload characteristics of mobile devices (e.g. laptops), commercial
web clusters and scientific HPC systems. In the following chapter 3 we survey
the current power and energy conservation techniques for distributed systems.
Chapter 4 discusses other important issues on distributed systems. Chapter 5
gives a brief introduction to the ANR-founded EcoGrappe project, discusses its
objectives and summarizes the results from the work done at our

2 Basic principles of power and energy manage-
ment

This chapter gives a brief introduction into the basic principles of power and
energy management. In particular, we first describe the difference between the
two basic terms: energy management and power management. Afterwards we
present, the current techniques for accounting the power consumption of servers
and individual components. Measuring the power consumption is essential in
order to understand the system power behaviour and take power management
actions.

After describing the available power accounting techniques, we present the
most power consuming server resources (i.e. processor, memory, disk, network
and power supply) and their low-power modes. These power-modes can be used
by the energy management policies to conserve energy.

In order to better understand the server usage we conclude this chapter
with a description of the different types of workloads (i.e. mobile, commercial
and scientific). This workload knowledge is necessary, as power consumption is
directly connected to the type of workload imposed on the system. Further, a
deep understanding of workloads is required in order to select the appropriate
energy management policy.

2.1 Difference between power and energy management

To follow this document we first define two basic terms: power and energy
management, which are used in the entire literature in the area of energy con-
servation management for distributed systems. Unfortunately, the meaning of
these two semantically different terms is not always clear to people outside of
this subject and might lead to the wrong assumption of these two terms being
equivalent.
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In the context of server clusters, power management is referred as the ability
to regulate the power consumption of the servers at any discreet point in time.
Therefore, it is possible to define a power consumption threshold and make
the servers not to exceed this threshold by regulating their power consumption
with the low-power modes of the individual server components (e.g. processor,
memory, disk, network, etc.). This ability to limit the power consumption allows
data center providers to deploy more servers at a given power budget without
risking to exceed the air condition capabilities during periods of high load. In
addition, it prevents the power grid from being overloaded by consuming less
electricity during periods of peak load.

The idea behind energy management is to reduce the total power consumed
over a period of time. Thereby, energy management primary aims at reducing
the total energy costs and the overall heat dissipation. This is usually done,
either by designing low-power hardware or deploying software frameworks which
make use of low-power modes, energy-aware job scheduling algorithms, server
consolidation or other techniques aiming at reducing the energy consumption
during the run-time.

Note that while the primary target of power management is not to conserve
energy, as it is only active during short periods of peak load, it is still possible
to save a small amount of energy with it during high load. Certainly, the main
target of our work is the energy management.

2.2 Measuring the power consumption

One of the fundamental questions when it comes to energy conservation is re-
lated to the measurement of the current power consumption. Measuring the
power consumption is one of the major steps towards designing energy conser-
vation mechanisms as it is important to identify where it is possible to achieve
the most power savings. Thus, we will discuss some of the possible power mea-
surement techniques in this chapter.

The first basic approach to acquire the power consumption of a certain com-
ponent is to derive the power requirements from the components data sheet.
There is a caveat here though, as usually these data sheets only provide infor-
mation regarding the designed peak power consumption of a component, they
neither account the correlation between utilization and power consumption nor
the average power consumption.

Another possibility for getting the power consumed on new server genera-
tions (e.g. PowerEdge R610) is to use the Intelligent Platform Management In-
terface (IPMI) [29] which provides a uniform way to access the power-monitoring
sensors available on the recent servers. This interface is completely independent
of the operating system and thus can be accessed despite of operating system
failures and without the need of the servers to be powered on (i.e. connection to
the power grid is enough). Further, intelligent power distribution units (PDUs),
traditional power meteres (e.g. Watts Up Pro power meter) and ACPI enabled
power supplies can be used to measure the power consumption of the whole
server.

Measuring the power consumption by component (i.e. processor, memory,
disk, network, fans, etc.) is a non-trivial task as components usually do not
provide any internal power measurement equipment. Thus, in order to measure
the power consumption, components need to be isolated. One way to achieve
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this is to separate the DC lines providing the energy to the components, integrate
a precision resistor in each line and measure the voltage difference at the resistor
with a digital meter [27]. This voltage difference can be then used to calculate
the current (i.e. voltage/resistance) and thus the power consumption using the
P = Current x Voltage equation. Anyhow, sometimes it is still not possible to
separate all the components as some of them share the same power plane (e.g.
multicore processors).

Another approach of measuring the processor power consumption, is to
model the processor and use this model for simulating the power dissipation
under different workloads. Unfortunately, modeling the processor power dissi-
pation is a complex task, as it is heavily dependent on the processors layout and
circuit styles. Further, even if all the necessary information is available, running
a simulation is usually very time consuming and prone to errors [55]. Hence,
alternative approaches are needed to measure the processors power consump-
tion faster and more reliably. Most of the modern processors include hardware
performance monitoring units (HPMUs) that can be used to account various
low-level operations or events (e.g. TLB misses, cache hits, etc.). This informa-
tion is exported by the operating system and can be used in order to estimate
the processor and even the full system energy consumption [55].

2.3 Power consumption and energy efficiency of resources

Our work aims at conserving energy in clusters. Therefore, it is important to
understand the power consumption and the mechanisms available on the in-
dividual cluster resources to save energy. This section describes the five most
power consuming components (i.e. processor, memory, disk, network and power
supply) of a server and gives a brief introduction into the available power man-
agement mechanisms. We observe that energy conservation is either done by
turning off idle resources or slowing down resources when the demand permits it
(i-e. doing work more efficiently). Anyhow, even if the former approach can yield
power savings up to 60% depending on the workload intensity [52], performance
can be sacrificed during the reactivation time of the resources as resources will
be unable to respond to incoming requests until they settle down. The second
approach refines the former switch-off strategy and aims at achieving a perfor-
mance,/power tradeoffs without degrading the performance significantly using
low-power states.

Given these facts it is obvious that the main target of any energy manage-
ment policy must be to conserve energy without a significant performance loss
because any performance loss implies an increased execution time, which accord-
ing to the energy equation (i.e. E = Power x Time) results in a proportional
energy increase. Thus, any energy management policy which conserves energy
and increases the execution time too much can ruin any savings.

Moreover, as mentioned above efficiency of policies which switch off or move
resources to lower-power states highly depends on the workload characteristics,
since often a performance penalty must be accepted during the time needed for
the resources to settle down. Besides the time penalty which might be significant
depending on the resource (e.g. node, disk etc.), enormous amount of energy
can be wasted due to excessive power state changes (e.g. turn-on and off) [51].
Not least, frequent power state changes can have a bad impact on the reliability
of the hardware. Therefore, energy management policies must take into account
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the energy overhead and reliability aspects of any power state transitions. We
will present different energy conservation techniques for individual server com-
ponents in this section and show various approaches to use these techniques in
the context of distributed systems in section 3.

2.3.1 Processing Unit

The processing unit is the most power-hungry component of a server. Studies
have shown that it can draw a fraction from 38% to 48% of the total system
power, depending on the imposed workload [23]. Therefore, processor is a good
source for power and energy reduction.

Several methods exists in order to conserve power of the processor. As the
first naive approach towards conserving power it is possible to select a processor
which was initially designed for a mobile device. Such processors usually con-
sume less power as they are designed for devices which are short in battery life.
Unfortunately, these low-power processors deliver a lower performance which is
often not acceptable for server workloads. Another approach works by selecting
a processor according to the best frequency to power ratio. This is often not
feasible either as two processors with the same frequency do not necessarily have
the same performance (i.e. instructions per cycle) because of different layouts
(e.g. use of pipelining).

Alternatively, today’s processors no matter either they are designed for mo-
bile devices or servers can either be put into some of the available power states
(e.g. HALT) or reduce the voltage/frequency settings in order to save power. In
the former approach, power states with different functionality, delay and power
consumption tradeoffs can be used to conserve energy. Thus, for example tran-
sitioning the processor into the highest power state would result in significant
power savings but the longest time in order to return to the normal state, result-
ing in a delay during which no useful work can be done. Further, every interrupt
makes the processor return to the normal state, as interrupt service routines are
called to handle the interrupts. If done too frequently this behaviour can lead to
enormous transition overheads because switching between different power states
consumes additional energy. Therefore, processors need to stay idle relatively
long in order to amortize the transitions costs and conserve energy.

A more promising approach makes use of the available performance-states to
lower or increase the frequency/voltage depending on the current performance
requirements. This technology is called Dynamic Voltage Scaling (DVS) and
available in all the recent processors. In order to understand why this method
is able to conserve energy we first need to understand the power consumption
of a CMOS circuit which is given by the following equation [38] for a particular
frequency f:

Pp=Cx fxV? (1)

where C' is the switching capacitance, f the switching frequency and V the
supply voltage. According to this equation, it is possible to save power by
reducing the frequency. Unfortunately, every reduction in frequency increases
the task completion time. Give that application is CPU bound, this time can
be approximated appropriate with the following equation:
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t=— (2)
f
That is, time is inverse proportional to frequency. Substituting (1) and (2)
into the energy equation Ey = Py x ¢ yields to:

Ef=CxV? (3)

which has no dependency on frequency at all. In this case, reducing the
frequency alone is useless as it does not yield any energy savings, slows down
the processor and can make other components consume more energy, as they
must stay active longer to finish a task. Still, assuming that voltage can be
proportionally decreased with frequency combined with the assumption given
in equation (2) significant savings are possible especially for applications which
can tolerate some delay. The following equation demonstrates it by decreasing
the frequency to %:

E%:1/4><C><V2 (4)

Unfortunately, decreasing the voltage has a negative effect on the circuit
propagation delay which is defined by the following equation [38]

kxV
(V —Vp)? ®)

with %k constant, V' the supply voltage, Vr the threshold voltage (0 < Vi <
V). We can observe that decreasing voltage/frequency saves power according to
(1) and energy according to (4) but increases the propagation delay according
to (5). Therefore, it is important to note that frequency needs to be always
modified with increased propagation delay in order to ensure proper processor
operation. Hence, every reduction in voltage is inevitably leading to lower per-
formance making tasks which rely heavily on the processor longer to complete.
Thus, to save energy it is necessary to know the future demands of the proces-
sor utilization in order to do a proper voltage/frequency setting. Several DVS
algorithms exists to accomplish this job and we will discuss them in the chapter
3.

(V) =

2.3.2 Main Memory

Main memory is one of the major components of a server system. Organized
in banks of hundreds of modules it can consume a significant part of the total
server energy (i.e. up to 60%) [15].

Several low-power modes have been introduced by the DRAM manufacturers
in order to provide the basis for potential energy savings. In the following
discussion we will detail one concrete example based on the Rambus DRAM
(RDRAM) specification. Please note that similar power saving techniques exist
for the more recent DDR3 SDRAM memory which work by lowering the clock
enable (CKE) input.

Each RDRAM module can be transitioned into one of the four available
power-states: active, standby, nap and power-down. All these power-states differ
in the amount of device logic which is switched on (e.g. row/column decoders,
refresh circuit, etc.). In addition, each power-state has a different trade-off in
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terms of power consumption and delay needed in order to transition back to the
active mode. Active state has the highest power consumption, but the lowest
data access latency as RDRAM can only read and write data in this state. Lower
power-states can be entered when no data needs to be served. Standby has the
lowest transition delay but still requires 60% of the active mode power [18].
More power can be conserved by entering the nap mode. This mode consumes
just 10% of the active power at the cost of an additional transition delay. Power-
down state has the lowest power consumption, but the highest transition delay.
These transitions consume additional energy and delay the execution as no data
can be processed until the chip has settled down. In particular, the lower the
power-state the more time and energy is needed in order to transition the chip
into a state in which data can be accessed [44].

Power management algorithms can use these modes to conserve energy when
the demand permits it. Thus, it is possible to transition the memory into one
of the low-power modes when it is lightly loaded or not used at all. Neverthe-
less, any transition between the power-modes consumes additional energy and
increases the respond times. That is, the ultimate goal of every energy con-
servation algorithm is to find the best suitable time for power-mode switching
depending on the imposed workload. Understanding this, main memory energy
conservation has similar energy-time tradeoffs as processors (see above) and
disks (see below).

Two types of memory energy conservation algorithms exist: static and dy-
namic. Static algorithm transition the memory to a predefined power-state (e.g.
nap) as soon as there are no pending requests available. Dynamic algorithms
transition the memory into the next lower power-state after a predefined time
threshold has been reached. Further, different thresholds exist for different
power-states. In case of the arrival of a new request the memory is transitioned
into the active power-state and waits again until a predefined time threshold has
been reached in order to transition back to the next lower power-state. Stud-
ies have shown that dynamic algorithms are always better in terms of energy
conservation than static algorithms [44].

2.3.3 Disk-based Storage

Most of the today’s servers use disk-based storage devices which are made of
multiple circular disks called platters. These platters are covered by a thin
layer of magnetic material and rotated by a spindle motor. The data is read
and written by head which manipulates the magnetization of the material under
it. This head is usually placed on a special arm which is used to place the head
on the right position.

Energy consumption of disks can make up a big fraction of the total server
energy consumption as disks are usually organized in arrays in order to provide
fast and redundant storage. Further, the motor spinning and arm movements
tend to consume a big fraction of the total disk energy consumption (i.e. 65%
depending on the device) [34].

Several methods exists in order to save energy on disks. First approach to
save energy is to use the provided low-power modes. In the active mode the disk
is doing some work (i.e. seeking, reading, and writing). In the idle mode the
motor is spinning but no seeking, reading or writing is done. The standby mode
stops the motor, parks the heads and leaves the electric interface on in order
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to accept commands. In sleep mode the electronic interface is disabled, no disk
operations are accepted anymore and all the data in the disk cache is erased.
Only some logic is left powered on in order to accept a reset signal which will
put the device back into standby mode. Many devices do not implement this
mode and treat it the same manner as the standby mode.

During the regular reading or writing operation the drive is in the active
mode and falls down to idle mode as soon as there is no data to be proceed.
Special software must be used in order to transfer the drive into a lower power-
mode (e.g. standby). Power management policies can be implemented in order
to use these power-modes to conserve energy. Even though transitioning the
drive into a mode which stops the motor (e.g. standby) saves a lot of energy,
time and extra energy is needed in order to transition the devices back to a mode
there data can be read (e.g. idle). Further, requests can not be handled during
the settling time resulting in a delay. Thus, the goal of every energy management
strategy is to place the disk into a lower power-mode only when the overhead to
transition the disk back to full speed is lower when keeping the disk on, else the
energy consumption even increases. Further, frequent transitions are not only
bad for the energy consumption but also decrease the reliability of the device.

Another way to conserve energy is to use multi-speed disks. Such devices
can be seen as analogous to DVS based processors. That is, they can do work
more efficiently when the demand permits it and lower the platters rotation
speed [56]. Further, it is possible to make use of the high redundancy and data
access popularity of servers in order to conserve energy. Servers are usually over
provisioned in order to satisfy high peak demands, deliver high throughput and
guarantee data availability (e.g. RAIDs). It has been shown that data access
patterns tend to follow the Zipf’s law. Hence, if we rank the data according to
the access frequency we will see that the access frequency of the data is inverse
proportional to its rank. That is, some data is more popular then other. This
data popularity pattern can be used to concentrate popular data on a subset of
disks and shutdown or move other disks to lower-power modes (e.g. standby)
in order to save energy [51].

Not least, depending on the future price and technological improvements
flash memory based solid state disks (SSDs) could be used to conserve energy in
servers. Such devices provide non-volatile storage of data without a need of any
mechanical parts (e.g. motor, arm, etc.). Thus, they consume significantly less
energy and outperform traditional disks in terms of access performance as no
seeks are needed anymore. Still, several limitations need to be resolved before
these devices can replace traditional disks. In order to overwrite a segment it has
to be erased first. These segments are usually 64-128 KB large. Considering
that erasing one byte usually takes around a dozen of micro-seconds, write-
performance is relatively poor. Further, segments can be erased and overwritten
around 10,000-100,000 times without degrading the performance [46]. Thus, it is
the job of the operating system to make sure that segments are not overwritten
too often. Finally, SSDs are still around 20 times more expensive as traditional
disks and limited in the available capacity.

We can conclude that SSDs are able to conserve a significant part of total en-
ergy consumption assumed that software will handle the poor write-performance
and the costs per megabyte improve.
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2.3.4 Networking

Conserving energy drawn by the networking subsystem can be either done at
the node level (i.e. network interface card) or at the infrastructure level (i.e.
switches and routers). Energy saving at the node level are barely noticeable as
the network interface card is already a very low-power consuming component,
composed out of a small amount of memory and a simple processing unit. That
is, transitioning the network interface card into a lower power-state does not
yield any noticeable savings compared to leaving the card in the active mode
[33]. Still, small energy savings are possible when operating at a lower link
rate. This technique is called Adaptive Link Rate (ALR) and is similar to the
previously introduced DVS method for processing units. Here, the idea is to
lower the Ethernet link rate (e.g. transition from 1Gbps to 100Mbps) during
periods of low utilization and thus save energy [31].

While energy savings at the node level are relatively small, more savings are
possible on the infrastructure level. With the growing demand for bandwidth,
routers and switches have started to provide capacity for up to hundreds of
terabits. This performance is mainly achieved by improving the speed of the
routers switch fabric unit (SFU). This unit is the building block of a router and is
in charge of curring the input data to the corresponding output. Consequently,
routers have started to consume a non-negligible fraction of the total power con-
sumption. Several efforts have been recently made in order to conserve energy
on these devices. Most of these efforts exploit idle times and low-utilization of
Ethernet links to turn them off [32] and route the traffic around them.

Not least, further energy savings are possible at the hardware level of the
routers. That is, choosing and optimizing the layout of various internal router
components (i.e. buffers, links, etc.) is a critical design constraint towards
building energy-efficient networking equipment.

We have detailed the current energy-conservation approaches for the net-
working subsystem in this chapter, as this subsystem is an essential part of a
distributed system. As our primary goal is to conserve energy used by the com-
puting equipment (i.e. cluster) we will not further detail the work done in the
networking area and refer to the cited documents for further details.

2.3.5 Power Supply Unit

The task of every power supply unit (PSU) is to feed the server resources with
power. This is done by converting the high-voltage alternating current (AC)
from the power grid to a low-voltage direct current (DC) which most of the
electric circuits (e.g. computers) require. In order to switch from higher AC
voltage (e.g. 220V) to lower DC voltage (e.g. 12V) additional circuits are
required inside the PSU. These circuits convert the voltage and inevitably loose
some energy in the form of heat, which than needs to be dissipated by additional
fans inside PSU. In order to compare different PSUs it is important to quantify
how much energy is lost during the energy transformation. Therefore, the metric
DC/AC is used.

If the server components consume 400 Watt and the PSU draws 500 Watt
from the power grid it is 80% efficient. The other 20% (100W) are lost in
form of heat during the energy transformation. Further, energy efficiency of a
PSU mainly depends on the load imposed on the PSU, number of circuits and
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other conditions (e.g. temperature). Hence, a PSU which is labeled to be 80%
efficient is not necessarily that efficient for all power loads. For example, low
power loads tend to be the most energy inefficient ones. Thus, a PSU can be
just 60% efficient at 20% of power load.

Studies have further estimated that PSUs are probably the most energy
inefficient components in today’s data centers as many servers are still shipped
with low quality 60 to 70 percent efficient power supplies [8]. One possible
solution for energy conservation would be to replace all PSUs by ENERGY
STAR certified ones. This certificate is given out PSUs which guarantee a
minimum 80% efficiency at a