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Abstract
Rapid growth of the demand for computational power has led to 
the creation of large-scale data centers. They consume enormous 
amounts of electrical power resulting in high operational costs and 
carbon dioxide emissions. Moreover, modern Cloud computing 
environments have to provide high Quality of Service (QoS) for 
their customers resulting in the necessity to deal with power-
performance trade-off. We propose an efficient power management 
policy for virtualized Cloud data centers. Basically, parametric 
constraints based automatic power saving system (PCBAPS) is 
extended form of automatic power saving(APS).In PCBAPS 
we impose some parametric constraints during virtual machine 
migration that can be adjusted dynamically to balance the server’s 
workloads in an efficient way so that migration cost can be 
improved and energy saving be achieved.
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I. Introduction
The Cloud computing model leverages virtualization of computing 
resources allowing customers to provision resources on-demand on 
a pay-as-you-go basis [1]. Instead of incurring high upfront costs 
in purchasing IT infrastructure and dealing with the maintenance 
and upgrades of both software and hardware, organizations can 
outsource their computational needs to the Cloud. The proliferation 
of Cloud computing has resulted in the establishment of large-
scale data centers containing thousands of computing nodes and 
consuming enormous amounts of electrical energy. Based on the 
trends from American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) [2], it has been estimated that 
by 2014 infrastructure and energy costs would contribute about 
75%, whereas IT would contribute just 25% to the overall cost 
of operating a data center [3].
The reason for this extremely high energy consumption is not just 
the quantity of computing resources and the power inefficiency of 
hardware, but rather lies in the inefficient usage of these resources. 
Data collected from more than 5000 production servers over a six-
month period have shown that although servers usually are not idle, 
the utilization rarely approaches 100%. Most of the time servers 
operate at 10-50% of their full capacity, leading to extra expenses 
on over-provisioning, and thus extra Total Cost of Acquisition 
(TCA). Moreover, managing and maintaining over-provisioned 
resources results in the increased Total Cost of Ownership (TCO). 
Another problem is the narrow dynamic power range of servers: 
even completely idle servers still consume about 70% of their 
peak power [4]. Therefore, keeping servers underutilized is highly 
inefficient from the energy consumption perspective. 
Clouds are built upon virtualization technology as shown in Fig. 
1. Efficient resource scheduling needs attention in a virtualized 
environment. This paper utilizes the predefined workload model in 
the virtual environment to propose the workload aware parametric 
constraints based automatic power-saving (PCBAPS) technology, 
which is a extended form of automatic power saving technology 

called workload-based APS.

Fig. 1: Cloud Virtualization

Furthermore, the virtual framework of the Open Source Hypervisor 
was set as the standard to verify the model’s accuracy and to 
practically examine the user interface’s feasibility. For the study’s 
purpose of proposing the automatic power-saving technology in 
the virtualization environment, the servers in the virtualization 
environment were not performing all the time even though the 
new-generation data centers have already reduced an impressive 
amount of power consumption, as compared to the traditional data 
centers, after servers’ virtualization. Therefore, we have designed 
an advanced PCBAPS mechanism. With the resource-monitoring 
mechanism, the utilization efficiency of all servers could then be 
collected and analyzed. When the average utilization rate was 
relatively low, the PCBAPS would then be initiated for achieving 
a higher level of power saving.
The rest of this paper is organized as followings. Section II discusses 
the related studies about virtualization migration policies, virtual 
machine migration and management. Section III proposes and 
explains PCBAPS methodology and its design issues. Section 
IV explains the simulation environment and procedures, also 
conducts the performance appraisal and analysis based on the 
simulation results. Finally, we make the conclusion and indicate 
the future research directions in Section V.
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II. Related Work

A. Virtualization
Virtualization is a way to abstract the hardware and system 
resources from an operating system. It is a technology that 
allows running two or more operating systems side-by-side on 
just one PC or embedded controller [5]. It helps to better utilize 
available processing hardware to build more efficient systems. 
Most applications have only a finite amount of parallel tasks that 
can be executed at a given time, leaving many processor cores 
idle. Virtualization can solve this challenge by allocating group of 
processor cores to individual operating systems running in parallel. 
Thus benefits of virtualization can be enumerated as:

Save hardware cost and footprint.• 
Take advantage of Operating System services.• 
Make use of Multi-core Processors.• 

This is typically performed within a Cloud environment across a 
large set of servers using a Virtual Machine Monitor (VMM) which 
lies in between the hardware and the Operating System.     

B. Resource Allocation Policies
There are different policies to allocate the resources to the coming 
cloudlets so as to maximize the resource utilization and minimize 
the energy consumptions. Some of the resource allocation policies 
are discussed below:

1. Single Threshold
This policy is based on the idea of setting upper utilization threshold 
for hosts and placing VMs while keeping the total utilization 
of CPU below this threshold. In this policy upper utilization 
threshold is set for the hosts and place the VMs by keeping the 
total utilization of CPU below this threshold. The aim is to preserve 
free resources to prevent SLA violation due to consolidation in 
cases when utilization by VMs increases [6].

2. Minimization of Migrations (MM)
In this policy we migrate the least number of VMs to minimize 
migration overhead. In this we set upper and lower utilization 
thresholds for hosts and keeping total utilization of CPU by all 
VMs between these thresholds. If the utilization of CPU for a host 
goes below the lower threshold, all VMs have to be migrated from 
this host and the host has to be switched off in order to eliminate 
the idle power consumption. If the utilization goes over the upper 
threshold, some VMs have to be migrated from the host to reduce 
utilization in order to prevent potential SLA violation.

3. Highest Potential Growth (HPG)
When the upper threshold is violated, the Highest Potential Growth 
(HPG) policy migrate VMs that have the lowest usage of CPU 
relatively to the requested, in order to minimize total potential 
increase of the utilization and SLA violation.

4. Random Choice (RC)
In this policy we choose the necessary number of VMs by picking 
them according to a uniformly distributed random variable, to 
decrease the CPU utilization by a host below the upper utilization 
threshold.

5. Non Power-Aware (NPA)
This policy does not apply any power-aware optimizations and 
implies that all hosts run at 100% CPU utilization and consume 
maximum power all the time.

6. Dynamic Voltage Frequency Scaling (DVSF)
Dynamic Voltage Frequency Scaling policy adjusts the voltage 
and frequency of the CPU according to the current utilization.

C. Adaptive Heuristics for Dynamic VM Consolidation
There are several heuristics for dynamic consolidation of VMs 
based on an analysis of historical data of the resource usage by 
VMs. The problem of dynamic VM consolidation can be split 
into four parts:

Determining when a host is considered as being overloaded • 
requiring migration of one or more VMs from this host
Determining when a host is considered as being under loaded • 
leading to a decision to migrate all VMs from this host and 
switch the host to the sleep mode
Selection of VMs that should be migrated from an overloaded • 
host
Finding a new placement of the VMs selected for migration • 
from the overloaded and under loaded hosts [4].

1. Host Overloading Detection

(i). Median Absolute Deviation (MAD)
This heuristic is based upon the idea of setting upper and lower 
utilization thresholds for hosts and keeping the total utilization 
of the CPU by all the VMs between these thresholds. If the 
CPU utilization of a host falls below the lower threshold, all 
VMs have to be migrated from this host and the host has to be 
switched to the sleep mode in order to eliminate the idle power 
consumption. If the utilization exceeds the upper threshold, some 
VMs have to be migrated from the host to reduce the utilization 
in order to prevent a potential SLA violation. However, fixed 
values of utilization thresholds are unsuitable for an environment 
with dynamic and unpredictable workloads, in which different 
types of applications can share a physical resource. The system 
should be able to automatically adjust its behavior depending on 
the workload patterns exhibited by the applications. Therefore, 
MAD technique is used for the auto-adjustment of the utilization 
thresholds based on a statistical analysis of historical data collected 
during the lifetime of VMs. For a uni-variate data set X1, X2,….
Xn, the MAD is defined as the median of the absolute deviations 
from the data’s median:
MAD = median(|Xi - median(Xj)|) 
Hence upper utilization threshold (Tu) can be set as shown 
below:-
Tu = 1 - s .MAD;
where ‘s’ is the safety parameter.

(ii). Interquartile Range
It is also called the mid-spread or middle fifty, is a measure of 
statistical dispersion, being equal to the difference between the 
third and first quartiles: IQR = Q3 - Q1. Using IQR, similarly the 
upper utilization threshold can be set as shown below:-
Tu = 1 – s.IQR;
where ‘s’ is the safety parameter.

2. VM Selection
Once it has been decided that a host is overloaded, the next step 
is to select particular VMs to migrate from this host. There are 
three policies for VM selection.

(i). The Minimum Migration Time Policy
The Minimum Migration Time (MMT) policy migrates a VM v 
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that requires the minimum time to complete a migration relatively 
to the other VMs allocated to the host. The migration time is 
estimated as the amount of RAM utilized by the VM divided by 
the spare network bandwidth available for the host.

(ii). The Maximum Correlation Policy
The Maximum Correlation (MC) policy is based on the idea 
proposed by Verma et al. [7]. The idea is that the higher the 
correlation between the resource usage by applications running 
on an oversubscribed server, the higher the probability of the server 
overloading. According to this idea, we select those VMs to be 
migrated that have the highest correlation of the CPU utilization 
with other VMs.
One of the first works, in which power management has been 
applied in the context of virtualized data centers, has been done by 
Nathuji and Schwan [8]. The authors have proposed an architecture 
of a data center’s resource management system where resource 
management is divided into local and global policies. At the local 
level the system leverages the guest OS’s power management 
strategies. The global manager gets the information on the current 
resource allocation from the local managers and applies its 
policy to decide whether the VM placement needs to be adapted. 
However, the authors have not proposed a specific policy for 
automatic resource management at the global level. 
Song et al. [9] have proposed resource allocation to applications 
according to their priorities in multi application virtualized cluster. 
The approach requires machine-learning to obtain utility functions 
for the applications and defined application priorities. Unlike our 
work, it does not apply migration of VMs to optimize allocation 
continuously (the allocation is static).
Cardosa et al. [10] have proposed an approach for the problem of 
power-efficient allocation of VMs in virtualized heterogeneous 
computing environments. They have leveraged the min, max and 
shares parameters of Xen’s VMM, which represent minimum, 
maximum and proportion of the CPU allocated to VMs sharing 
the same resource. However, the approach suits only enterprise 
environments as it does not support strict SLAs and requires the 
knowledge of application priorities to define the shares parameter. 
Other limitations are that the allocation of VMs is not adapted at 
run-time (the allocation is static).
Shin-Jer Yang, Lee-Chung Chen, Hsi-Hui Tseng, Hui-Kuang 
Chung, Hsu-Yang Lin,[11] have proposed the Workload-Based 
APS scheme that automatically conducts the power distribution 
optimization in accordance with the predefined workload model. 
This technology mainly focused to migrate virtual machine from 
unloaded server to certain servers through the live migration and 
place the unloaded servers into the standby mode for reducing 
the server’s power consumption. When the detector finds that 
workload is increasing from upper threshold, it will call wake-
up function which will reactivate the standby server. The entire 
execution process does not require any interruption in the service 
and any manual operation. However, only two parameters lower 
and upper threshold are used in this approach. Moreover, these 
two parameters are static, which further reduces efficiency of 
the complete system, as it involves unnecessary VM migrations. 
Also, the migration cost of virtual machine is not considered in 
this approach.

III. Formal Problem Definition

A. Problem Statement
The problem is to establish the technology required for achieving 

automatic power saving to balance the server’s workload with 
some highly efficient and effective parametric constraints, so 
that it can lower migration costs and achieve power saving and 
finally reduce carbon emission.  Current automatic power saving 
technique to energy efficient consolidation of workloads in data 
centers does not investigate the problem of migration cost of 
virtual machine. 
The aim of this research work is to impose some efficient and 
effective parametric constraints, during virtual machine migration 
that can be adjusted dynamically to balance the server’s workloads 
in an efficient way so that migration cost can be improved and to 
achieve power, energy saving.

B. Operations of Workload-Based PCBAPS
In this paper we have designed, workload based PCBAPS algorithm, 
which automatically conducts power distribution optimization in 
accordance with the predefined workload model. This technology 
is mainly focused on the less loaded virtual machines consolidate 
to certain servers through the live migration and place the 
unloaded servers into the standby mode for reducing the server’s 
power consumption. For the predictable system positioned in a 
certain low utilization rate of time interval, the scheduling can 
automatically execute live migration of the virtual machine and 
standby action of the server. Further, when the workload is below 
the lower threshold, we also impose some parametric constraints 
during migration of virtual machine, to improve the migration 
cost. When the utilization rate did not reach the dynamic threshold 
value, the administrator would be automatically notified to adopt 
the corresponding power saving measure(s). Hence, the operations 
described above are illustrated in fig. 2.

C. Algorithm Design
From flow diagram it can be seen that, Virtual machine Management 
Center monitors the resource utilization status of all VMs. The 
administrator will be notified by email in accordance with the SLA 
(Service Level Agreement) when the virtual machine’s utilization 
rate is lower than the threshold value that will be set dynamically 
from previous history. In previous APS technique, when resource 
usage is below the threshold SAMI algorithm simply perform live 
migration of VMs to certain server. But there can be a possibility 
that after very short period of time, workload increases and again 
we have to start a server machine and migrate some VMs to it. In 
this case, migration cost will be more than power saved cost. So 
to improve the migration cost we imposed three parameters i.e. 
time, bandwidth used and SLA violation Rate. These parameters 
will be verified by PCBAPS algorithm only when workload is 
below all the thresholds. 
In the first situation, when workload is below the resource usage 
threshold, PCBAPS algorithm will check for how much time this 
workload is below the lower resource usage threshold. In fig. 2 ‘tw’ 
is waiting time & ‘tt’ is threshold value for time, which represents, 
for how much time this workload is below the lower resource 
usage threshold. The value of tt will be adjusted dynamically by 
the administrator. Suppose the dynamic threshold value for ‘tt’ 
is 10 min, if value of ‘tw’ is less than ‘tt’ then this algorithm will 
not migrate virtual machine to any other server and notification 
will be sent to Virtual Machine management center. If wait time 
is above the threshold time, then it will check for bandwidth.
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Fig. 2: Operational Flow of PCBAPS

If the current bandwidth (Bc) usage is above the lower bandwidth 
threshold (Bt), then again it will not migrate virtual machine to any 
server and notification will be sent to Virtual Machine management 
center. If current bandwidth utilization is below the lower threshold 
for bandwidth (Bt), then it will check for SLA Violation Rate.
If the SLA violation rate is below the SLA threshold then this 
algorithm will not migrate virtual machine to any other server and 
notification will be sent to Virtual Machine management center. If 
SLA violation rate is lower than threshold SLA violation rate then 
event controller will call PCBAPS controller to migrate virtual 
machine to certain server by ensuring all of the operational services 
cannot be interrupted and set the host server into standby mode. 
In second scenario, when workload is above the resource usage 
then event controller will check for availability of standby server. 
If it is not available then it will send notification to administrator 
via Virtual Management center. If it is available then PCBAPS 
controller will call wake-up function to activate the standby 
server. The live migration function will then be activated to 
relocate some virtual machines back to the server. As a result, 
each virtual machine’s performance can guarantee to meet the 
SLA requirements.
In accordance with the operational flow as depicted in fig. 2, 
the pseudo-code of the Workload-Based PCBAPS algorithm is 
designed as following.

Algorithm Worklaod-Based PCBAPS

BEGIN
Set lower_threshold, upper_threshold as integer
Set Host.CPU.UsageRate as integer
Set VM.CPU.UsageRate as interger
Set tw,tt,bc,bt,SLA_rate,SLAt as integer

When resource usage is below the Lower threshold
When waiting time is above the threshold                 time 
When bandwidth is below the threshold bandwidth
When SLA_violation _rate is below the threshold SLA
          VMs will perform Live Migration to      other Host
           Current host will be placed in standby mode 
When resources usage is high
  Host will be back to work as wakeup mode
  VMs will perform Live Migration to this Host

Method:
Get Host.CPU.UsageRate , VM.CPU.UsageRate
Get lower_threshold, upper_threshold

while
 // Execute SLA Resources Monitor in Virtual
  System Management Center
if VM.CPU.UsageRate <= lower_threshold or
   VM.CPU.UsageRate >= upper_threshold

// Event Controller
switch action.type
   case “1” : send notification email
   case “2” : run script
end switch

switch event.type
case standby
  if Host.CPU.UsageRate < lower_threshold
    if Tw  > Tt 
       if Bc < Bt
          if SLA_violation_rate < SLAt
Migrate VM to other Host
Place host in standby mode
   Else
Send notification to Virtual Machine Management center 
  endif
case wakeup
   if Host.CPU.UsageRate > upper_threshold and any     standby 
Host
Wake up Host
Migrate VMs to this Host
   Else
 Send notification to Virtual Machine    Management center
   endif
 end switch
endif
loop
End

Tools Used

Xen3.4
Xen is an open source Virtual Machine Monitor (VMM/
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Hypervisor) for x86, x86_64, IA64, PowerPC, and other CPU 
architectures. According to Paul Barham and Boris Dragovic et 
al. [12], Xen uses para-virtualization to avoid performance losses 
of full virtualization, and brings near-native performance to VMs 
(virtual machines). Besides, Xen also supports full virtualization 
through support from the hardware (Intel-VT, AMD-V) and live 
migration for Near-Zero-Downtime applications and services.

NetBeans 7.2.1
NetBeans  is an integrated development environment (IDE) for 
developing primarily with Java, but also with other languages, 
in particular PHP, C/C++, and HTML5. It is also an application 
platform framework for Java desktop applications and others. The 
NetBeans IDE is written in Java and can run on Windows, OS X, 
Linux, Solaris and other platforms supporting a compatible JVM 
[13].

4. Simulations Setup and Performance Evaluation

A. Simulation Environments
The virtualization platform actually constructed in this paper is 
based on the Xen Hypervisor. The Xen hypervisor is the fastest 
and most secure virtualization infrastructure solution. The Xen 
Hypervisor is a virtual layer between the server hardware and the 
virtual machine operating system. It was tasked with the CPU 
scheduling and the allocation of the memory units used by all 
of the virtual machines. The construction of this virtualization 
layer enabled each physical server to execute one or multiple 
virtual machines. In this experimental environment, there are three 
physical servers (IBM x3650); two (Servers A and B) are installed 
with the Xen hypervisor virtualization platform. The other is set 
as the iSCSI target server for accommodating the storage space 
for the virtual machine’s files. Two virtual machines were created 
on each Xen server; each virtual machine was installed with the 
Windows Server 2003 and the ‘CPU busy’ application program 
to generate the heavy workload environment.

B. Results and Performance Analysis
Assuming that the average power consumption actually measure 
during the operation of the server is Pavg, power consumption 
for the standby mode is Psm, and the average time duration for 
the server to enter into the standby mode is Tsm, the power that 
can thus be saved Psa is determined by the computing equation 
of the formula (1)
Psa = (Pavg - Psm ) x Tsm    (1)
In this experiment, as an example, the average power consumption 
actually measured for the server is 292W, and the measured power 
consumption for the standby mode is 52W. Assuming that the host 
machine’s standby time duration, Tsm is 6 hours, approximately 
36 % of the power consumption can be saved in the virtualization 
environment with PCBAPS action. In fig. 3, we show power 
consumed by APS & PCBAPS for different workloads. For first 
workload which is below lower threshold, APS consume 68W 
power and PCBAPS consume 35W power which saves 33% more 
power as compare to APS.  The overall benefits associated with the 
additional reduced air-conditioning power consumption, which is 
attributed to the reduction in the heat ventilation when the host

Fig. 3: Experimentation Result

machine is in the standby mode, are not included. Moreover, once 
the workload of the VMs increased, this mechanism can also 
instantly activate the server and execute the server’s workload 
balancing and live migration of the virtual machines for ensuring 
VMs to acquire sufficient computing resources to achieve the 
SLA requirements.

V. Conclusion and Future Scope
This paper gives the introduction of Cloud computing and 
background of various resource allocation and power management 
techniques. Our proposed workload-based PCBAPS can be able 
to achieve a workload balancing for the server and also provide a 
virtualization environment with better performance and improved 
migration cost for the network or cloud platform. By analyzing 
the experimental results, the application of the workload-based 
PCBAPS achieve an approximately 36 % reduction in power 
consumption. Also, the operational performance of the virtual 
machine can also be safeguarded under the efficient operation of 
such PCBAPS model. Utilizing the workload-based PCBAPS can 
lower operating costs and achieve power saving. 
Future opportunities could explore some more parameters for 
deciding VM migration requirement. Also a technique that is 
both power-aware and thermal aware can be utilized to maximize 
energy savings both from physical servers and the cooling systems 
used. Another direction for future research can be that the system 
is made self learner or can be adjustable dynamically to improve 
the migration cost of virtual machine and to achieve power & 
energy saving.
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