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ABSTRACT 

Nowadays service oriented computing requires enlarging the virtualized datacenters. Quality of service has been 
the sole concern in cloud datacenter deployment. This demand will increase the operational cost and carbon dioxide 
emissions. Virtualization technology support Virtual Machine consolidation and migration. This will improve the server 
utilization, availability, fault tolerance and energy efficiency. Therefore, we need a Virtual Machine consolidation for 
energy efficiency with quality of service. The main objective of this study to compare various Virtual Machine 
consolidation algorithms for Service Level Agreement(SLA), total power consumption and number of VM migrations. We 
have used CloudSim toolkit to simulate our experiment and to evaluate the performance of the various Virtual Machine 
(VM) consolidation algorithm. We have also used real-world work load traces of Planet lab VMs. 
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1. INTRODUCTION 

Cloud computing creates a pool of computing 
resources (processor, memory, disk and network capacity) 
to allocate them on demand [1].The advantage of cloud 
computing is that another company (service provider) host 
the application and manage the software updates. This 
means that they handle the cost of servers; the client need 
not buy the servers nor pay for electricity to power and 
cool them. Basically, it is a service oriented architecture: 
user or client pay the amount according to their usage [2]. 
Cloud services are broadly divided into three categories: 
Infrastructure as a Service (IaaS), which includes 
equipment such as hardware, storage, servers and 
networking components are made accessible over the 
internet. Platform as a Service (PaaS) which provides 
hardware and software computing platform such as 
virtualized server and operating system. Software as a 
Service (SaaS) includes software applications [3]. Google 
Apps, Amazon Web Services and Microsoft Azures [4, 5, 
and 6] are some examples of cloud provider in the current 
environment. A cloud service differ from traditional 
hosting in three principles aspects: First, it is provided on 
demand, second, it is elastic and users can use the service 
as much or as little as they want at any given time and 
finally, the service is fully managed by the provider [7]. 
Cloud datacenters developed by virtual infrastructure in 
which virtualization runs numerous VMs on a single 
hardware resources while respecting the application’s 
privacy by implementing strict isolation policies [8]. This 
is to enable VM consolidation and migration 
procedure.VM consolidations methods improve datacenter 
resource utilization efficiency by add possible number of 
VMs into single server to keep datacenter high 
availability, efficient resource utilization and reduce the 
electrical energy [9].VM consolidation initiated by VM 
live migration. Live Migration is classified into pre-copy 
or post-copy methods. A pre-copy VM migration transfer 
complete memory image before resuming VM at the target 
server. A post copy VM migration approach captures and 
transfers the VM’s minimum system state to the target 

server before the VM resume phase [10]. 
 
2. BACKGROUND 

Cloud datacenters consists of many switches and 
routers which enables communication between the servers 
or physical machines, which have to be provided with 
power and cooling. Cloud clients submit request to cloud 
providers, specifying the amount of resources need to 
perform certain tasks. Then cloud provider schedule and 
creates a VM, allocates the requested resource to it and 
assign the VM to one of the server with in the datacenter. 
It needs to support service oriented on demand, dynamic 
resource provisioning where clients can, at any time, 
submit VM request with various amount of resources. 
 
2.1 User side 
a) On-demand service (without waiting)  
b) Efficient utilization of resources and complete 

their jobs.  
c) Quality of service  
d) Scalability and elasticity  
 
2.2 Provider side 
a) Optimal selection of resources to place application.  
b) Use minimum number of servers.  
c) Increase no of users and their profit.  
d) Reduce power consumption and operational cost.  
e) Easy to maintenance and service.  
f) Fault tolerant.  
 
2.3 Environmental side 
a) Reduce the carbon dioxide (CO2) emission.  
b) Provide environment as eco-friendly.  
 
3. PERFORMANCE METRICS  
 
3.1 Total power consumption  

Total power consumption is defined as the sum of 
power consumed by the physical resources of a data center 
as a result of application workloads. 
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3.2. SLA violations 
When a VM cannot get the promised quality of 

service, SLA violation takes place. For example when a 
VM cannot got requested MIPS for a given time. 
 
3.3. Number of VM migration 

Once the overloaded or under-loaded server 
found the VMs get selected for migration. Migration uses 
switches and routers it also consume additional energy and 
frequent migration reduces Quality of service needed to 
reduce total number of migrations in the datacenter. 
 
4. VM CONSOLIDATION FRAMEWORK 

Figure-1 shows the frame work of VM 
consolidation. This comprises of three parts: 1. 
determining when to initiate migration during server 
overload and underload. Overload requiring migration of 
one or more VMs for that host, which is used for reducing 
the SLA violation and load balancing. Under load requires 
migration of all VM from that host that is underloaded and 
switch off the host for energy saving. 2. Selection of VM 
from an overloaded host.3. Selecting the server for 
placements of the VMs from overloaded and under loaded 
server. 
 

 
 

Figure-1. VM consolidation framework. 
 
4.1 A review of VM consolidation frameworks 

A number of studies have focussed on VM 
consolidation problem that aim to develop environmental 
friendly cloud datacenters. To improve IT efficiency and 
to reduce power consumption, data centers use 
consolidation technique. In this framework VMs are 
reallocated from overload or underload servers in the 
datacenter. Timothy et al [11] developed the black box 
and gray box approach for host overload detection. It 
considers all resources for utilization and SLA violation. 

Then most loaded server VMs are migrated to any other 
least loaded server. Aziz Murtazaev et al [12] suggested 
sercon server consolidation algorithm in which server 
utilization can be calculated by Score of number of VMs 
in the server.  The server which is least utilized was 
selected and all VM from that host, was migrated to any of 
the active server. Carlo Mastroni et al [13] suggested 
assignment and migration procedure for assigning in the 
minimum number of servers and at the same time it 
provided quality of service. Anton beloglazov et al [14] 
suggested Modified Best Fit Decreasing Algorithm 
(MBFD) for VM placement. In this, the server consumes 
less power than other host in the datacenter. Anton 
beloglazov and Rajkumar Buyya [15] analysed various 
host overload and VM selection algorithm and concluded 
that load Local Regression with Minimum Migration 
Time(MMT) gives better results in decreased SLA 
violations due to server overloading and the number of 
VM migrations. Zhibo Cao et al [16] divided the 
overloaded host into overload with SLA violation and 
overload with no SLA violation and suggested Minimum 
power and Maximum utilization policy (MPMU) for VM 
placement. In this, more number of host will turn off when 
compared to MP (Minimum Power). Abbas Horri et al 
[17] selected VM-based dynamic threshold (VDT) for 
detecting host underload. Utilization Threshold (UTH) for 
each host was computed and minimum utilization as a 
candidate to migrate all VMs from that host was selected. 
VM placement used Utilization and minimum correlation 
(UMC) to select the host which has minimum correlation 
compared to other host. Hongjiam Li [18] suggested Multi 
Resource Double Threshold for host overload and 
underload detection and Modified Particle Swaram 
Optimization algorithm (MPSO) in which host overload 
detection used two resource utilization threshold (CPU, 
Disk). MPSO algorithms select the global optimal solution 
for VM placement for saving electrical energy. Ehsan 
Arianyan et al [19] suggested multi criteria algorithm for 
VM placement in which five criteria were used to select 
the host to migrate low power, high available capacity, 
low number of VMs, low resource correlation and low 
migration delay. If available capacity for host underload 
detection in the two host have same utilization, then the 
host which had least available capacity was selected. 
 
5. COMPARISON OF VARIOUS VM  
CONSOLIDATIONS ALGORITHMS
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Table-1. Methodology adapted in VM consolidation algorithms. 
 

Paper title  When initiate migration 
VM selection for 

migration 
Select the host forVM 

placement 

 Resource Host overload Host underload   

Energy Aware 
Resource 

Allocation[14] 
CPU 

Set upper threshold and lower threshold 
for utilization 

(MMP)Minimization 
of migration Policy 

Modified Best Fit 
Decreasing Algorithm 

(MBFD) 

Optimal Online 
deterministic[15] 

CPU 
Local Regression 

(LR) 
Simple Method 

(MMT)Minimum 
Migration Time 

Power Aware Best Fit 
Decreasing 

Algorithm(PABFD)

An Energy- Aware 
Heuristic 

Framework[16] 
CPU 

Overload with 
SLA violation and 
Overload with no 

violation 

  
Minimum Power and 
Maximum Utilization 

policy (MPMU) 

Novel allocation 
algorithm[17] 

CPU 
Local Regression 

(LR) 
VM-based dynamic 

threshold(VDT) 
(MMT)Minimum 
Migration Time 

Utilization and 
Minimum Correlation 

(UMC) 
Energy efficient 
migration and 

consolidation[18]  
CPU Disk Multi Resource Double threshold method  

Modified Particle 
Swaram Optimization 

(MPSO)algorithm 
Novel energy and 

SLA efficient 
resource 

management[19] 

CPU  
Available 

capacity(AC)policy 
Migration delay 

(MDL) 
Multi criteria algorithm

 
5.1 A brief description of algorithm 
 The methodology adapted by Various VM 
Consolidation Algorithm is given in Table-1. 
 
5.1.1. Minimization of migration policy and modified 
best fit decreasing algorithm (MMP/MBFD)  

The upper threshold and lower threshold for 
finding host overload and underload detection is set. 
Energy Aware Resource Allocation [14] describes VM 
selection and VM placement algorithm. The MM 
(Minimization of Migration) policy migrate the minimum 
number of VMs. In (MBFD) all VMs are sorted in 
decreasing order of current resource utilization and each 
VM is assigned to a host that gives the least increase of 
power consumption due to this allocation. This allows 
leveraging heterogeneity of the nodes by choosing the 
most energy efficient ones.  
 
5.1.2. Local regression, simple method, minimum 
migration time and power aware best fit decreasing 
algorithm(LR/SM/MMT/PBFD)  

Anton et al [15] explains four category of VM 
consolidation framework. LR is non-threshold base 
algorithm. It means there is no upper threshold set. But 
based on past data prediction, utilization of host in next 
time frame is determined. In linear algebra, regression 
means to find a relation between two variables. These two 
variables are time and % CPU utilized by VM for each 
time interval. From large available data set, a trend line 
between those data sets is derived. SM- lower threshold is 
used to find the underload host. MMT/PBFD algorithms 
are same as described in previous one. 
 

 
5.1.3. Overload with SLA violation and overload with 
no SLA violation and minimum power and maximum 
utilization policy (OVERS, OVERNS/MPMU) 

An Energy-Aware Heuristic Framework [16] 
suggests overload decision algorithm and VM placement 
algorithm. Overload decision algorithms proposed in 
CloudSim simulation, has been organized as OverS (with 
SLA violation) hosts and OverNS (No SLA violation) 
hosts. VMs from the OverS hosts are selected until they 
become Critical and are placed into the migration list. 
Finally, VMs from the OverNS hosts are selected and 
using SLA violation decision algorithm they are run until 
they become Critical. Once it becomes critical the VMs 
are placed into the migration list. Minimum Power and 
Maximum Utilization Policy, first sorts migration list into 
the set; Descending VMs in descending order and the set 
Ascending VMs in ascending order, respectively; second 
the first VM of Descending VMs is chosen and an 
appropriate PM for it through the Minimum Power (MP) is 
selected, then the VM from the Descending VMs and the 
Ascending VMs is removed; finally the first VM of 
Ascending VMs is elected. If the VM would not lead the 
suitable host, then the VM is migrated to the host, and the 
VM from the Descending VM and the Ascending VM is 
removed. 
 
5.1.4. Local regression, VM-based dynamic threshold, 
minimum migration time, utilization and minimum 
correlation (LR/VDT/MMT/UMC) 

Novel allocation algorithm [17] selects dynamic 
threshold for host underload detection and Minimum 
Correlation is used for VM placement. VDT algorithm 
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computes the Utilization Threshold (UTH) for each host 
and selects the host with minimum UTH as the candidate 
host for migration. If there is more than one host with 
minimum UTH, one host is selected randomly. Then all 
the VMs are migrated from the candidate host to other 
hosts by applying VM placement algorithm after which 
the candidate host is switched to the sleep mode - first 
placed VM on host will not be overload. Secondly, 
minimum correlation of host list is computed. Then, a host 
from this list is selected such that its VMs have minimum 
resource correlation with migrated VM. 
 
5.1.5. Multi resource double threshold method, 
modified particle swarm optimization (MRDT/MPSO) 

Energy efficient migration and consolidation [18] 
describes overload and underload detection using two 
resource utilization and VM placement algorithm is used 
to find global optimal solution. In Multi Resource Double 
Threshold, an application was combined with workloads 
of varying CPU and disk utilizations, ranging from 0.1 to 
0.9 in CPU and disk resources. Energy consumption and 
performance of applications were measured at different 
utilization in each resource. Modified Particle Swarm 
Optimizer (MPSO) is introduced into VMs reallocation 
algorithm. It was assumed that there were m VMs and n 
physical machines in cloud datacenter and vq VMs are in 
the migration VMs queue. When vq = 1, MBFD algorithm 
is applied to VMs consolidation. When vq > 1, MPSO 
migration algorithm is used to optimize energy efficiency 
of the system. 
 
5.1.6. Available Capacity (AC) Policy, Migration Delay 
(MDL), Multi Criteria Algorithm (AC/MDL/MCA) 

Novel energy and SLA efficient resource 
management [19]  describes host underload detection for 

VM migration initiation. The utilization percentage was 
considered to determine underloaded PMs. However, since 
the cloud environments are heterogeneous, the PMs with 
equal utilization percentages do not necessarily have equal 
available capacity. Therefore, AC suggests that between 
two PMs with equal utilization percentages the one with 
lower available capacity is a better candidate of being 
underutilized. MDL- selects a PM as being under loaded 
when the delay to migrate all the VMs running on it is the 
least among all candidate PMs. The migration delay for 
each VM is estimated using the RAM capacity of the VM 
over the available bandwidth of the PM. Taking migration 
delay into consideration reduces the SLA violations 
incurred due to migration process if. -1. The selected PM 
has the least power increase, 2. The selected PM has the 
most available resource, 3. The selected PM has the least 
number of VMs, 4. VMs on the selected PM have the least 
resource correlation with the VM to be allocated, and 5. 
The migration of the VM to be allocated to the selected 
PM has the least VM.  
 
6. SIMULATIONS 

CloudSim [20] supports modelling of on-demand 
virtualization enabled resource and application 
management. It also supports virtualization engine that 
aids in the creation and management of multiple 
independent virtualized services in a datacenter host. We 
have used data provided as a part of CoMon project 
monitoring infrastructure for planet Lab [21]. We have 
used the data on the CPU utilization by more than 
thousands VMs from the server located at more than 500 
places around the world. The interval of utilization 
measured in every five minute. Table-2 shows various VM 
consolidation algorithm results. 

 
Table-2. Results of various VM consolidation algorithms.  

 

Policy 
Energy consumption 

ion (Kwh) 
SLA violation n 

VM 
migrations 

ES V ES M 

[14]MMP/MBFD 114.2 6.7 3121 - - 

[15]LR/SM/ 
MMT/PBFD 

88.17 2.33 11.85x10^3 - - 

[17]LR/VDT/ 
MMT/UMC 

69.81 165. 49 22832.5 120.31 2762.758

[18]MRDT/ MPSO 100 - 2200 - - 

[19]AC/MDL/MCA 37.76 1.1930 1780 0.4429 0.835208

 
7. CONCLUSIONS 

Cloud computing has grown so fast that it has 
made almost every organization rely on it. It requires huge 
effort to build a technology that could help consumers as 
well as service providers. Currently we are facing a 
challenge in energy efficient cloud datacenter. We have 
analysed various energy saving VM consolidation to make 
an eco-friendly data center. In this study various 
algorithms and VM consolidation framework has been 
compared so that decision can be made as to which VM 

has to be migrated to which host in order to reduce energy 
consumption and to increase performance. 
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