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Abstract— Along with the increased awareness of ggyeand cost related to it, power management beceme
a big issue for high performance computing. Poweontrol is becoming a key challenge for effectively
operating a modern high end computing infrastructes such as server, clusters, data centers and Gids
addition to reducing operating costs, precisely tafling power consumption is an essential aspestthe
field of High performance computing. Building eneygefficient computer infrastructure is next majoragl

of the high performance computing. In recent yeamsany researchers have been taking keen intereso int
developing sustainable, energy efficient high perftance architecture. We, in this paper we are swive
energy efficient techniques for cluster computingétry to classify these techniques.

Key Terms: - Cluster computing, High Performance @puting (HPC), Power Aware HPC, Energy efficient
HPC, Green Computing, Green HPC.

. INTRODUCTION

The tremendous increase in computer performancedrag with an even greater increase in power usage.
Outcome of it is power consumption has become magm concern in high end computing. According t@Er
Schmidt, Executive Chairman of Google, what mattacst to Google “is not speed but power—Ilow power,
because data centers can consume as much elgcaisca city” [1]. This does not conclude performaiie
secondary objective but makes power as a constreintreasing performance.

Before going much deeper into taxonomy, let's giveok at variables that influent the energy effiay in
any computer system. The variables can be categbrimadly into two areas based on where the quesfio
energy efficiency is addressed. These are Hardweleged variables and Software related variabléesg
categories further divided into sub classes. Howegroconsumption for each category is reduced igrgin
Table 1 [7]. Detailed summary is given in Table 1.
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Table 1. Variables Influencing Energy-Efficiency

Considering more about modern high end computirfgastructures, we try to differentiate study and
research directions in energy awareness. Here wenapecting systems such as compute servers; ¢empu
clusters, distributed virtualized infrastructuresta centers, computational Grids & Clouds. Bus thaper
primarily focuses on energy awareness in clustempeging. Further, this paper is organized lasResearch
Directions in Energy Aware HPC, Ill. Cluster Computing, |V. Adaptive Resource Management, V.
Programming Language Support, VI. DPM Vs DVFS-enabled methods.

Il. RESEARCH DIRECTIONSIN ENERGY AWARE HPC

In recent years a lot of work has been done comgrenergy awareness in high end computing. These
related research efforts are in several dimensiorthis paper, first we try to categories thesalits of energy-
aware high performance computing. A survey of téplws used in implementing power awareness in high
performance computing can be categories based tmdwogies adopted. These are hardware reconfigara
and operation, virtual machine migration and reseuconsolidation, programming language and runtime
support, and adaptive workload distribution andesysmanagement pictorially shown in Figure 1[16].
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Figure 1. Taxonomy of Research Methodology in HPC

* Hardware Reconfiguration: System hardware can be reconfigured to low powaes as per power
requirements of the situation. This also gives Eemé minimum power on time since its quick to
change states than to reboot the system.

* Resource Consolidation: In resource consolidation efficient use of researis achieved by reducing
total number of resources and consolidating morekwan a resource. If multiple under-utilized
resources are found then we try to consolidate theik on fewer numbers of resources and shutting
down free resources. This may lead to complex gandition of data and applications in order to
support the consolidation decisions. Dynamic chpointing can be the solution with overhead of
memory and frequent updates to check point.

» Programming Language support: For power management using programming languageost
programming modules are designed so that they igip®rtance to power saving also. For example
sequence matching tools in bioinformatics can bdigored to use resources with power constraints.

e Adaptive System Management: A system that can change itself in response tangés in its
environment in such a way that its performance owes through a continuing interaction with its
surroundings.

lll. CLUSTER COMPUTING

In coming chapters we will give importance tomMgo management in Cluster computing. We will présen
some of the major works in each Methodology of powsnagement in cluster computing. In Cluster
computing, the methodologies adopted are as showheiFigure 2 [16].

Figure 2. Classification of Energy aware Clustestemns

»  Adaptive Resource Management: A system which adapts changes in its environmerimiprove the
performance parameters in consideration. In oug eaergy efficiency.

*  Programming Language Support: Programming languages can modified or equippeld mibdules can
give importance to parameters that are of intdilesienergy efficiency.

 DVFSenabled Methods: Dynamic Voltage and Frequency Scaling is a framéwor change the
frequency and operating voltage of processors basexystem requirement at given time.
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IV. ADAPTIVE RESOURCE M ANAGEMENT

A system that can change itself in response togdmin its environment in such a way that its penmce
improves through a continuing interaction with staroundings. In adaptive Resource Management wtr
change behavior of the resources based on thensysteameters.

Cluster wide load balancing and unbalancing isveneually spread the work load among the availablges
or to consolidate the work to fewer nodes [2] [4] [5]. Adapting through idleness if the system ahdnging
its power state to low power is implemented in [[1]. In [2] implemented load concentration or atamcing
operation that saves the power consumed by the reowdown nodes, but can degrade the performanteeof
remaining nodes and potentially increase their p@@asumption.

Thus, load concentration involves an interestindgomance vs. power tradeoff. The implementatiorsen
performed in two ways: (1) at the application lefal the network server; and (2) at the OS leveltfie cycle
server. The experiment was conducted on 8 nodersydthe result provided states as mentioned ineTaj2],
with setting the threshold for performance degriadat less than 20% in both the cases.

Reduction in (%) Implementation 1 Implementation 2
Power 86 43
Energy 86 32

Table 2. Results of Experime

V. PROGRAMMING L ANGUAGE SUPPORT (SCHEDULING)
Programming language and matching tools can befiaddb give special importance to power policiés o
the system. MPI programs (or other parallel mogdutgssequence matching tools are considered my many
researchers for power management implementatiome floout algorithms taxonomy is given in Figure 3.

Solution
Approaches
Statistical Genetic MILP Task
Algorithm Algorithm Algorithm Scheduling

Figure 3. Solution Approach

Some runtime systems are developed for power mamage of scientific applications [8][9]. These
implementations develop some online system infandbgging, analysis and application prediction.

The paper [10] discusses power prediction techsidoeMPI applications based on task aggregati@h[&mh]
proposes power aware Hybrid MPI/OpenMP programmpsajtern based on the interaction between
communication and computation without using DVFS.

Programming approaches that can be used to addviesproblem in the software — application layer as
illustrated in Figure 3.Research in this directioouses on the software — application area andfggly tries
to address the question of energy aware schedofirgpplication tasks. For power aware schedulimg t
scheduling logic is written into the scheduler ¢dasng power as one of the constraints for schaguFigure
4. shows the simple system.

Consumers Scheduler Resources
Energy
Aware Policy

Figure 4. EnergAware Scheduling Syste
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Energy aware Policy can take any of the approaciwvshn the Figure 3. In Bioinformatics domain, for
matching sequences, taking energy awareness ingdasation is presented in [7].

Well-known sequence matching tool BLAT is used tatch sequence with deadline and for energy
awareness EAS (Energy Aware Scheduling) is prop§gpEAS system is two phase system (1) an Offline
phase and (2) an online phase. Offline phase pérallthe sequence to understand speedup (rurig)rofithe
program. EAS engine then use this information toegate initial schedule. In online phase is a faellb
mechanism is incorporated. As scheduled tasks amgpleted, their actual execution time (AET) is used
adjust the resources required for scheduling remgitasks using the least number of nodes whiletimge
given deadline. These techniques have shown satisjaresults.

VI. DPM VSDVFS- ENABLED METHODS

In this we examine two types of hardware mechaniallsving us to manage CPU energy consumption:
Dynamic Voltage and Frequency Scaling (DVFS) andd@wyic Power Management (DPM).

DPM allows temporarily suspending its operation potting it in low-power states. Whereas DVFS allasv
to dynamically throttle the voltage and frequendytie CPU. As we throttle or suspend the processor
inevitably sacrifice execution speed, and so thedtmllenge in designing DVFS/DPM control algorithia to
find the setting that saves the most power whiliieing the least speed. Dynamic Voltage and Eesgpy
Scaling (DVFS) is accepted as a technique to regoeeer and energy consumption of microprocessafk [1

DVFS efficiently reduce processor power dissipafib4][15]. DVFS saves processor energy consumpgiion
varying the frequency and voltage of a microprooe#s real-time according to processing needs. DRES
approach is limited by the structure of the appi@es. Only configurable applications can be insgrDVFS
instructions for power control. Lowering only thpevating frequency,f (operating frequency) can reduce the
power consumption but the energy consumption resnidi@ same because the computation needs moredime
finish. Whereas DPM can be applied to any configonabut need to analyze system usage over thegefi
time.

VIL. SUMMARY AND DISCUSSION

In power aware cluster computing extensive rese&@dbeing carried out. But there are still somerope
questions [7], such as,

« How to monitor the “energy-aware” aspects of a elraomputing system in multiple scales? There
are multiple interesting system indexes, for exampbower, temperature, and humidity. This
monitoring process will be taken in multiple scales

* What is the energy usage profile and compute castefrfor high performance applications in a large
scale distributed compute system? There are stikffective methods to estimate energy usage and
cost for users.

» Developing effective tools, middleware and softwéramework to support energy efficient high
performance applications in a parallel computingtem.
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