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ABSTRACT 
Cloud computing has underwent rapid growth with new technical advances but basically it delivers computing as a service instead 

of a product in which software, platform and infrastructure are delivered to computer and other computational devices as service 

over a network. Balancing the energy consumption and performance of cloud data centers in cloud computing is one of the 

important issue and has become a leading design constraint for developers. Researchers try to explore new techniques to reduce 

energy consumption and for effective utilization of available resources. This high power consumption in cloud data centers is due 

to the compute nodes which have to be powered on all the time to wait for incoming tasks which are random in nature. This paper 

proposes an adaptive approach for efficient energy saving in enterprise cloud data centers. The proposed system framework 

forecasts the number of Virtual Machine (VM) requests in the future. Based on the predicted frequency of requests, power 

decisions are made i.e. by moving the unneeded physical machines (PMs) to sleep states and by Dynamic Voltage Frequency 

Scaling (DVFS) the powered ON PMs. The proposed system is simulated and evaluated over various cloud traces. Simulation 

results illustrates that the proposed system is capable of achieving considerable energy savings and higher utilization of resources. 
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INTRODUCTION 
 

Cloud computing is a natural evolution with widespread adoption of multiple technical advances from 
distributed computing together with virtualization, grid computing, utility computing, autonomic computing and 
software-as-a-service [1]. It has become an efficient technology in providing computational capabilities as 
services on a “pay-as-you-go” model.  

As this technology gets smarter it has to address various challenges like automated service provisioning, 
server consolidation, VM migration, energy efficiency, data security, traffic monitoring and management, 
software frameworks, data management, storage management and novel cloud infrastructures. Among these 
various challenges the energy management is considered to be important from economic and environmental 
aspects as well as for sustainable growth of cloud computing. A number of techniques have been proposed to 
achieve energy efficiency in cloud data centers. 

 
A. The need for energy conservation: 

Effective energy management is considered to be the major concern in cloud data centers. It has been 
calculated that the total cost of powering and cooling covers nearly 53% of the total cost incurred by cloud data 
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centers. In the year 2006, the data centers in the USA consumed nearly 1.5% of the total energy produced in that 
year, and the percentage is estimated to raise 18% annually [2]. Hence cloud infrastructure providers are 
pressurized to decrease energy consumption. The ultimate goal is not only to reduce energy wasted in cloud data 
centers, but also to satisfy government policies and environmental standards.  

Energy conservation is a major concern today. It has become a leading design constraint for various 
developers. They try to explore new techniques to cut down energy consumption in large data centers. Energy 
saving is vital for both economical and environmental reasons, as well as for sustainable growth of cloud 
computing. On the other hand there should not be any compromise in attaining Service Level Agreements 
(SLAs) between cloud service providers and users. 

The enormous energy consumption and over utilization of PMs in cloud data centers results in increased 
PM failures. It has been recorded in a hard-disk a 15 degree Celsius rise increases the failure rate by a factor of 
two [3]. Hence, maintaining and monitoring the computing systems at right temperature is significant for 
guaranteeing maximum reliability, durability, and huge return on investment. Moreover, large power 
consumption additionally has adverse environmental impacts like huge carbon emission. This work is to 
emphasize the need of attaining energy efficiency in cloud data centers and to provide an efficient energy saving 
technique. 

 
Related Work: 

In the recent years researchers have developed many algorithms and techniques for effectively managing 
and monitoring power consumption in data centers. The focus is on techniques which are based on Dynamic 
Voltage Frequency Scaling (DVFS) and switch over the idle nodes to sleep state.  

 
A. DVFS based techniques: 

Xia and Zhou [4] proposed a novel stochastic system for energy efficiency and performance study of DVS 
enabled data centers. Their structure used VM request’s arrival rate and service rate and then data center 
server’s repair rate and failure rate as system inputs and then DVFS as a key technique to utilize the hardware of 
cloud data centers to reduce power consumption by reducing the supply voltage and the operating frequency. 

Gmach et al [5] described a power management plan that supplies power based on the demand in data 
centers. The amount of power needed is calculated by the time-varying workloads given to the data center and 
the power management techniques used in the data center. 

Kim et al [6] investigated power-aware provisioning of VMs for real-time service systems. Their motive is 
(i) to model a real-time service as a real-time VM request; and (ii) to provision VMs of cloud data centers using 
DVFS scheme. 

 
B. State transitioning based techniques: 

Gandhi et al [7] investigated that the idea of sleep states would be beneficial in cloud data centers. They 
investigated the benefits of sleep states in three different aspects: (i) the workload trace variability, (ii) the type 
of DPM technique used, and (iii) the size of the cloud data center.  

Ghafari et al [8] developed a new energy aware load balancing technique, called Bee-MMT (artificial bee 
colony algorithm- Minimal migration time), to reduce energy consumed in cloud data centers; as an impact of 
this, CO2 produced and operational cost were minimized. For this reason, an algorithm depending on artificial 
bee colony algorithm (ABC) has been used to find out over utilized nodes and then some VMs were migrated to 
decrease their utilization; after that they detected underutilized nodes and, if possible, all VMs which have been 
provided to these nodes were migrated and then switched those nodes to the sleep state. 

Hongyou et al [9] proposed two algorithms named as Energy-aware Scheduling algorithm using Workload-
aware Consolidation Technique (ESWCT) and the Energy aware Live Migration algorithm using Workload-
aware Consolidation Technique (ELMWCT). Both algorithms investigated the effects of consolidating 
heterogeneous workloads. They tried to execute all VMs with the less number of PMs, and then powered OFF 
idle servers to cut down energy consumed. 

Dabbagh et al [10] proposed an integrated energy-aware resource provisioning method for data centers. The 
proposed framework: i) predicted the number of VM requests, to be arriving at cloud data centers in the future, 
along with the amount of CPU and memory resources needed in order to serve these requests, ii) provided 
accurate estimation of the number of PMs needed in order to serve those requests, and iii) reduced power 
consumed by cloud data centers by putting the unneeded PMs to sleep state. This framework was analyzed by 
using real Google traces collected over a 29-days from a Google cluster containing nearly 12,500 PMs. 

Ganesh et al [11] proposed an integrated approach combining two distinct approaches: i) the power-
proportional method concentrates on reducing disk and server power consumption, while the ii) green data 
center approach reduces power consumption by using support infrastructure equipments like power distribution 
units, cooling equipment, and power backup equipment. Their method enforced power-proportionality at the 
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granular levels of a part or even an entire cloud data center; thus, they powered OFF not only idle IT 
equipments, but also their supportive infrastructure. 

Gandhi and Balter [12] found that the optimal power allocation method varies depending on the scenario. 
Moreover, it is not always needed to run servers at their highest power levels. There are scenarios in which it 
might be enough to run servers at their lowest power levels or at some varied power levels. Their analysis 
showed that the optimal power allocation is not obvious and it dependent on many factors such as the power-to-
frequency relationship in the processors, the arrival rate of jobs, the lowest attainable server frequency and the 
server farm configuration. 

Lu et al [13] explored how much it is helpful in knowing future workload information for dynamic 
provisioning method. In particular, they developed online dynamic provisioning method which may or may not 
use future workload trace available. First, they revealed a novel model of the offline dynamic provisioning 
problem, which allowed them to characterize the optimal result in a “divide and conquer” manner. Finally, the 
inference was that the future workload trace information beyond the full-size look-ahead window will not 
increase dynamic provisioning method’s performance. 

 
C. Other techniques: 

Buyya et al [14] proposed an elegant technique for dynamic consolidation of VMs depending on adaptive 
utilization thresholds, which ensured a higher level in satisfying the SLAs. They validated the efficiency of the 
proposed method using different kinds of workload traces obtained from nearly thousand PlanetLab servers. 

Hajj et al [15] proposed framework was about identifying and measuring components of code which 
consume higher energy. The whole framework is divided as: i) a method to identify components which consume 
higher energy in compute-concentrated applications. At the end, they target operations called kernels, which are 
frequently done operations in the algorithm; ii) a method to estimate software energy for the identified software 
components, particularly for kernels and load/store operations. This energy evaluation technique involves 
isolated code with assembly injection. In addition, to ensure effective results, they use physical energy 
measurements conducted on dedicatedly instrumented circuit boards to provide appropriate and not just 
simulated results. 

Cheng et al [16] proposed an energy-saving task scheduling algorithm depending on the vacation queuing 
model for cloud computing systems. First, they use the vacation queuing model with exhaustive service to 
model the task schedule of a cloud computing system. Then, based on the busy period and busy cycle under 
steady state, they analyze the expectations of task sojourn time and power consumption of nodes in the 
heterogeneous cloud computing system. 

Gandhi and Balter [17] analyzed the advantages of using DPM in cloud data centers. DPM aims in reducing 
power wastage in data centers by turning OFF the servers when they are idle. However, turning a server back 
ON requires some time, which would tremendously affect system performance. Thus, it is not obvious whether 
DPM should be used in a cloud data center. They analyzed the effectiveness of DPM in cloud data centers under 
an M/M/k queuing model through Matrix analytic techniques. 

Chen et al [18] analyzed the techniques for power management that include shutting down the PMs and/or 
modulating the operational speed of them, can impact the ability of the hosting center to meet its SLAs. In 
addition, repeated on-off cycles can adversely increase the wear-and-tear of server components, covering costs 
for their procurement and replacement. They provided a solution to this problem, and proposed three new online 
solution strategies based on steady state queuing analysis, feedback control theory, and a hybrid mechanism 
based on ideas from these two. 

Beloglazov and Buyya [19] analyzed that dynamic consolidation of VMs using live migration and 
switching idle PMs to the sleep state permit cloud providers to optimize resource utilization and reduce power 
consumption. Moreover, the need of providing high QoS to customers leads to the necessity in dealing with the 
energy-performance trade-off, as aggressive consolidation would lead in performance degradation. Due to the 
variability in workloads experienced by modern applications, the VM placement should be optimized 
continuously in an online manner. To understand the implications of the online nature of the problem, they 
conducted competitive analysis and prove competitive ratios of optimal online deterministic algorithms for the 
single VM migration and dynamic VM consolidation problems. Furthermore, they proposed a novel adaptive 
heuristics for dynamic consolidation of VMs depending on an analysis of historical data of the resource used by 
VMs. 

 
System Architecture: 

In this work the cloud data centers are the important underlying infrastructure. The data centers comprise of 
variety of PMs and every PM is of varied configurations. The cloud users submit their requests to provision the 
heterogeneous VMs inside the PMs (i.e. cloud resources). The arrival of VM requests is random in nature, 
typically dense and at other times sparse. There is no any precedence between these VM requests they are 
served based on First Come First Serve (FCFS) manner. As shown in Figure 1, the proposed work is split into 
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three main parts: (i) prediction of workload to the data centers (ii) estimation of cloud resources needed to 
complete the work (iii) efficient power decisions based on the estimated resources. The important challenge to 
be considered is that the efficient power managemen

The proposed system consists of following steps which has to be done in prior:
• Determining which predictor will be suitable and accurate for this scenario among various predictors.
• Determining the length of obs
• Estimating the amount of cloud resources needed to complete the jobs submitted by cloud users.
• Determining which energy management technique will be effective among various techniques such as 

Dynamic Power Management (DPM), DVFS, server 
 

A. Workload prediction and resource estimation
The wiener predictor is incorporated in the proposed framework to predict the future workload using the 

observed workload because: (i) it is better in 
simple because the prediction is done by weighted summation of the recently recorded number of requests (iii) it 
is adaptable to the changes in the workload
window is taken as an input by the wiener filter and produces the prediction window. Based on the CPU 
requirements of each VM request the cloud resources needed to complete the whole trace of requests is 
estimated, if it is underestimated the SLA violations may occur and if it is overestimated the power consumption 
will be more. 

 
B. Hybrid approach for power saving

As discussed earlier in the related work section the researchers use either DVFS or DPM technique but in 
this proposed work the advantages of both DVFS and DPM is considered to produce an effective power 
management system. The resource table, predicted workload and the estimated resources are all taken as an 
input by the power management component. The resource table conta
such as its capacity, current utilization and state (ON or Sleep). The upper and lower utilization threshold is set 
for each PMs based on this they are categorized as over utilized, underutilized and idle. The intenti
this sorting criterion is to make efficient use of all PMs. The over utilized PMs are moved to sleep state. The idle 
and underutilized PMs are utilized in next time slots. 

 
Fig. 1: Architectural design for the proposed system

 
The prediction method used in this proposed work predicts the PMs needed for the next minute. Based on 

the estimated resources, if the PMs are more than what needed then the over utilized PMs are moved to sleep 
state other PMs are moved to ON state. Then for the ON PMs DVFS is done so that power is saved by adjusting 
their CPU’s operating frequency and fluctuating voltage dynamically based on the workload.

 
System Simulation: 

As the proposed system is targeted on an enterprise cloud data c
experiments to evaluate the proposed system. However, it is difficult to experiment on a real
infrastructure so simulation is chosen as a way to analyze the effectiveness of the proposed framework. The 
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: (i) prediction of workload to the data centers (ii) estimation of cloud resources needed to 
complete the work (iii) efficient power decisions based on the estimated resources. The important challenge to 
be considered is that the efficient power management has to be done without any SLA violations. 

The proposed system consists of following steps which has to be done in prior: 
Determining which predictor will be suitable and accurate for this scenario among various predictors.
Determining the length of observation window.  
Estimating the amount of cloud resources needed to complete the jobs submitted by cloud users.
Determining which energy management technique will be effective among various techniques such as 

Dynamic Power Management (DPM), DVFS, server consolidation, energy saving task scheduling and so on.

Workload prediction and resource estimation: 
The wiener predictor is incorporated in the proposed framework to predict the future workload using the 

observed workload because: (i) it is better in terms of accuracy when compared to other predictors (ii) it is 
simple because the prediction is done by weighted summation of the recently recorded number of requests (iii) it 

the workload. To obtain accuracy the trace of every minute from observation 
window is taken as an input by the wiener filter and produces the prediction window. Based on the CPU 
requirements of each VM request the cloud resources needed to complete the whole trace of requests is 

estimated the SLA violations may occur and if it is overestimated the power consumption 

Hybrid approach for power saving: 
As discussed earlier in the related work section the researchers use either DVFS or DPM technique but in 

work the advantages of both DVFS and DPM is considered to produce an effective power 
management system. The resource table, predicted workload and the estimated resources are all taken as an 
input by the power management component. The resource table contains updated information about each PMs 
such as its capacity, current utilization and state (ON or Sleep). The upper and lower utilization threshold is set 
for each PMs based on this they are categorized as over utilized, underutilized and idle. The intenti
this sorting criterion is to make efficient use of all PMs. The over utilized PMs are moved to sleep state. The idle 
and underutilized PMs are utilized in next time slots.  

Architectural design for the proposed system 

The prediction method used in this proposed work predicts the PMs needed for the next minute. Based on 
the estimated resources, if the PMs are more than what needed then the over utilized PMs are moved to sleep 

o ON state. Then for the ON PMs DVFS is done so that power is saved by adjusting 
their CPU’s operating frequency and fluctuating voltage dynamically based on the workload.

As the proposed system is targeted on an enterprise cloud data centers it is significant to conduct 
experiments to evaluate the proposed system. However, it is difficult to experiment on a real
infrastructure so simulation is chosen as a way to analyze the effectiveness of the proposed framework. The 
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: (i) prediction of workload to the data centers (ii) estimation of cloud resources needed to 
complete the work (iii) efficient power decisions based on the estimated resources. The important challenge to 

t has to be done without any SLA violations.  

Determining which predictor will be suitable and accurate for this scenario among various predictors. 

Estimating the amount of cloud resources needed to complete the jobs submitted by cloud users. 
Determining which energy management technique will be effective among various techniques such as 

consolidation, energy saving task scheduling and so on. 

The wiener predictor is incorporated in the proposed framework to predict the future workload using the 
terms of accuracy when compared to other predictors (ii) it is 

simple because the prediction is done by weighted summation of the recently recorded number of requests (iii) it 
ry minute from observation 

window is taken as an input by the wiener filter and produces the prediction window. Based on the CPU 
requirements of each VM request the cloud resources needed to complete the whole trace of requests is 

estimated the SLA violations may occur and if it is overestimated the power consumption 

As discussed earlier in the related work section the researchers use either DVFS or DPM technique but in 
work the advantages of both DVFS and DPM is considered to produce an effective power 

management system. The resource table, predicted workload and the estimated resources are all taken as an 
ins updated information about each PMs 

such as its capacity, current utilization and state (ON or Sleep). The upper and lower utilization threshold is set 
for each PMs based on this they are categorized as over utilized, underutilized and idle. The intention behind 
this sorting criterion is to make efficient use of all PMs. The over utilized PMs are moved to sleep state. The idle 

 

The prediction method used in this proposed work predicts the PMs needed for the next minute. Based on 
the estimated resources, if the PMs are more than what needed then the over utilized PMs are moved to sleep 

o ON state. Then for the ON PMs DVFS is done so that power is saved by adjusting 
their CPU’s operating frequency and fluctuating voltage dynamically based on the workload. 

enters it is significant to conduct 
experiments to evaluate the proposed system. However, it is difficult to experiment on a real-world 
infrastructure so simulation is chosen as a way to analyze the effectiveness of the proposed framework. The 
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CSIM 20 toolkit is used for the purpose of simulation, as it is a trendy simulation framework which is aimed 
towards Cloud computing environments. It has been extended to enable energy features, as the base simulation 
framework does not possess this capability. Apart from this energy efficient modeling, the ability to model 
service applications with dynamic workloads has also been incorporated. CSIM20 is a process-oriented discrete-
event simulation toolkit for use with C programs. It is implemented as a library of routines which implement all 
necessary operations. CSIM20 is both a simulation engine and a set of classes and methods. CSIM20 is a 
convenient toolkit which programmers can use to create simulation models. A CSIM program models a system 
as a group of CSIM processes which interact with each other by using the CSIM structures such as facilities, 
processes, events, data collection structures, storages, mail boxes, streams and process classes. The aim of 
modeling a system is to provide estimation of time and performance. The CSIM20 model maintains simulated 
time, in order to yield insight to the dynamic behavior of the modeled system [20].  

The proposed system simulator model consists of processes, facilities, data collection structures, process 
classes and streams. The clients submit their requests to the dispatcher. The dispatcher then transfers the 
requests to the task queue of available servers and these servers serve the requests. This is common whereas, the 
selection of servers which has to be kept ON is totally based on power management decisions. Power 
management decisions are dependent on various factors such as utilization, idleness threshold, state of servers, 
prediction window and estimated resources. Power management decisions are decisions that state which PMs 
have to be moved to sleep state and which have to be kept ON and DVFS has to be done to attain an optimal 
energy management solution. The proposed system will be suitable for soft real time systems as there would be 
some SLA relaxations but power saving will be more. 
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