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Abstract—  Cloud computing has become an important research 

area in large-scale computing. Cloud consume vast amounts of 

electrical energy, contributing to high operational costs and carbon 

dioxide emissions. Dynamic consolidation of virtual machines 

(VMs) using live migration and putting idle nodes in sleep mode 

allows cloud providers to optimize resource utilization and reduce 

energy consumption. An energy-performance trade-off between 

providing high-quality service to customers and reducing power 

consumption is desired. In this paper, algorithms are proposed for 

the dynamic consolidation of VMs in cloud. The aim is to improve 

the utilization of computing resources and reduce energy 

consumption regarding CPU, RAM, and bandwidth. The efficiency 

of the proposed algorithms is validated by conducting extensive 

simulations. The results of the evaluation clearly show that the 

proposed algorithms significantly reduce energy consumption. 

Based on the proposed algorithms, energy consumption can be 

reduced by up to 28%, when compared to the benchmark 

algorithms.  
Keywords— cloud computing, energy efficiency, dynamic 

consolidation, virtual machine. 
 

I. INTRODUCTION  
In recent years, cloud computing has become popular 

because of utility-oriented IT services over the Internet to 

global users. Cloud computing is used to develop scalable on-

demand virtualized resources based on a pay-as-you-go 

model [1]. Different types of applications, like scientific, 

business, uses cloud-based services in various forms, 

including software, hardware, and data. Because of the rapid 

growth of cloud services and their corresponding 

technologies, cloud infrastructures[2] have become more 

complicated and complex. Therefore, resource management 

is one of the most prominent issues in modern cloud 

environments, directly affecting the efficient deployment of 

cloud services. Modern VMs provide a high level of 

performance and optimization but the concern is energy 

consumption. Total electricity used by data centers in 2010 

was estimated to be 1.5% of all electricity consumption in the 

world and this has increased to 3% in 2016 [3]. Therefore, 

energy-efficient resource management can be addressed to 

decrease both operational costs and environmental impacts. 

VM consolidation is one of the best techniques in energy-

efficient resource management in cloud computing; this 

technique enhances resource utilization and decreases energy 

consumption. Consolidation refers to the live migration of 

VMs between hosts with little in the way of performance 

interruption. The aim of consolidation is moving the VMs to 

a minimal number of hosts and switching the idle hosts to 

power saving modes [4]. In this paper, we propose a dynamic 

and adaptive energy-efficient VM consolidation mechanism 

for cloud. The main contributions of the paper are as follows:     
• Develop an overloading host detection 

algorithm using an iterative weighted linear 

regression method.  

• Develop a VM selection algorithm to select 

adequate VMs that should be migrated to other 

hosts.  

• Develop an underloading host detection 

algorithm to consolidate active hosts.  

• Conduct extensive simulation of the proposed 

mechanism. 
 

 

 
  II. RELATED WORKS 
 

The authors in [6] designed pMapper, a power-aware workload 

placement controller used for heterogeneous virtualized server 

clusters. This controller takes into account power consumption, SLA 

requirements, and migration costs. It consists of a performance 

manager, migration manager, and power manager along with an 

arbitrator. Based on the information provided by these managers, the 

arbitrator determines the required size of the VMs. This uses DVFS, 

server power switching and VM consolidation as the power 

management strategies. The authors proposed a power and migration 

cost trade-off, a first fit decreasing and, a minimum power packing 

as three possible placement algorithms. As an advantage, these 

algorithms can be used for different types of workloads.  In the case 

that CPU utilization increases more than the upper threshold or 

drops lower than the lower threshold, some VMs will be selected 

and migrated over to other hosts. For this, the authors performed an 

experiment to determine the best set of upper and lower thresholds 

to reduce power consumption. Also, the authors suggested using 

three VM selection policies. The first policy is Minimization of 

Migration (MM). The MM policy consolidates the least number of 

VMs to other hosts so that CPU utilization goes below the upper 

threshold. The Random Choice policy (RC) selects the VMs 

randomly. The Highest Potential Growth policy (HPG) selects the 

VMs that have the lowest CPU utilization relative to their total 

required CPU capacity. However, the proposed mechanism 

considers the power consumption of all the server's components 

because static thresholds are not adequate for unpredictable and 

dynamic workloads. The LR policy is based on the Loess method 

and aims to determine the upper threshold by finding a regression 

curve that approximates future data. Moreover, the authors 

presented two VM selection policies. The Minimum Migration Time 

(MMT) policy selects the VMs with the least time needed for 

migration, and the Maximum Correlation policy (MC) selects a VM 

that have the highest correlation of the CPU utilization with other 

VMs. This mechanism takes into account the power consumption of 
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all server components; however, the CPU is the only considered 

factor for consolidating the VMs, which is a weakness. Mhedheb et 

al. [9] proposed a load and thermal-aware VM consolidation for 

cloud data centers. The approach aims to balance both load and 

temperature so that the system is not encountered with 

overutilization or high temperature while reducing the energy 

consumed by the servers. For this reason, the authors proposed 

Thermal-aware Scheduler (ThaS). ThaS utilizes DVFS as the power 

management technique, schedules VMs regarding CPU temperature 

and sends VMs to the hosts with the least CPU usage and 

temperature. In [10], the authors introduced a two-phase VM 

consolidation mechanism to cope with the problem of incomplete 

migrations. Perplex VMs are the VMs that should be consolidated 

but that have no place in other hosts. Therefore, the system 

terminates the migration and replaces the VMs to the prior place. 

This issue leads to a waste of CPU capacity and power and increases 

the network’s overhead. Based on the proposed framework, in the 

first phase, VMs from the over-utilized hosts migrate to other hosts 

and then in the second phase, VMs from underutilized hosts are sent 

to other hosts.  Some studies have used bin-packing optimization 

problem to propose VM placement policies. Shi et al. [11] proposed 

both offline and online VM placement algorithms by modifying first 

fit bin-packing algorithms. Keller et al. [12] proposed several VM 

placement policies that leveraged the different combinations of VM 

and server sorting methods. The results revealed that sorting the 

VMs in increasing order and sorting the servers in decreasing order 

of CPU utilization can improve the energy usage rather than other 

policies 

 

 

 

     III. THE SYSTEM MODEL 
 

 

The cloud system includes many heterogeneous physical servers. 

The cloud is an IaaS environment distributed worldwide. CPU 

performance, network bandwidth and the amount of RAM 

characterize each server. CPU performance is defined in Millions of 

Instructions Per Second (MIPS). The system storage is Network 

Attached Storage (NAS) which is common in clouds because NAS 

enables the distribution of VM live migration. The system does not 

know about the application workload arriving into the system. The 

application requests are submitted to the system by multiple users, 

and their requirements are provided by one or several heterogeneous 

VMs. Cloud applications have a broad range of workload types, 

from High Performance Computing (HPC) to web-applications. The 

consumers send their requests to the global manager in charge of 

brokering the new demands and managing the VM migration to the 

available hosts. Each host has a local manager responsible for 

monitoring and managing the host resources. The local broker 

monitors the host resources and makes decisions based on the 

available resources. Virtual Machine Manager (VMM) coordinates 

which VMs are to be started, switched to sleep mode, and shut 

down. 

 

 

 

 

   

 IV. PROPOSED MECHANISM 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

 

Fig1: Overall diagram of the proposed VM consolidation 

mechanism 
 

 

 

 
 

Fig2: Overall Diagram 
 

The algorithm used are as follows: 

 

1. Overloading host detection: Distinguishes when hosts 

should be considered overloaded, if so, one or several 

VMs are reallocated to other hosts to reduce host 

utilization. 

2. Underloading host detection: Distinguishes when hosts 

should be considered underloaded, if so, all the VMs are 

consolidated to other hosts; then, the host is switched to 

the sleep mode. 

3. VM selection: Chooses the most suitable VMs to be 

migrated from overloaded hosts. 
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Overloading Host Detection Algorithm: 

 The objective of the overloading host detection algorithm 

is to recognize when a host is overloaded. Each host executes this 

algorithm periodically. Detection is based on the usage of host 

resources which are CPU, RAM, and bandwidth. Whenever the 

algorithm is invoked, it initiates the IWLR algorithm to dynamically 

determine the utilization thresholds for each of the three resources. 

In the event a host is overloaded, one or several VMs are selected 

for migration to other hosts, hence bringing the utilization under 

acceptable thresholds. Because the proposed consolidation 

mechanism is an adaptive mechanism for different types of 

workload, an adaptive method to detect overloaded hosts is 

proposed. 

 

The proposed algorithm uses a simple weighted linear regression to 

predict future host utilizations. The simple regression line is shown. 

 

  

      Y = β0 + β1X 

 

Where Y is the dependent variable and X is the independent 

variable.    and    are regression coefficients 

 

 

 

 The algorithm: 

 Input: host overloaded detection 

 Output: 

 (1) UTC ←  IWLR(CPU).upperThreshold; 
 (2) PUC ←  IWLR(CPU).utilPrediction;  

 (3) UTM ←  IWLR(Memory).upperThreshold;  
 (4) PUM ←  IWLR(Memory). utilPrediction;  

 (5) UTB ←  IWLR(BW).upperThreshold; 

 (6) PUB ←  IWLR(BW). utilPrediction;  

 (7) if ((PUC or PUM or PUB )>=1 )  

 (8) underPressureList ← host;  

 (9)   Host will not accept new VM; 

 (10)  else  

 (11)  if ((UTC or UTM or UTB)>=1) then 

 (12)  overloadedList ← host;  
 (13)       end if  

 (14) end if  

 (15) return underPressureList;  

 (16) return overloadedList; 

 

VM Selection Algorithm: 
 As described, the first part of consolidation mechanism, 

all the overloaded hosts are detected. One or several VMs will be 

selected from each detected host using VM selection algorithm so 

that host utilization drops below the threshold. This algorithm is 

iterative and after selecting each VM, the utilizations of the host 

resources are checked again. In the case the host is still overloaded, 

more VMs will be selected.  

 

The algorithm: 

Input: overloadedHostList, hostVMlist selectedVMList 

 Output: 

 (1)  foreach host in overloadedHosList do  

 (2)   foreach VM in hostVMlist do  

 (3)   selectedVM←NULL;  

 (4)   proposed VM selection technique;  

 (5)   selectedVMlist← selectedVM;  

 (6)   end for  

 (7)   currentCPUutil←currentCPUutil - selectedVMCPUutil; 

 (8) currentRAMutil←currentRAMutil - selectedVMRAMutil;  

 (9)    currentBWutil←currentBWutil - selectedVMBWutil;  

 (10) if((currentCPUutil < upperThreshold) && (currentRAMutil        

< upperThreshold) &&       (currentBWutil < upperThreshold)) then  

 (11)  break;  

 (12)  else 

 (13) hostVMlist ← hostVMlist – selectedVM;  

 (14)  go to line 2;  

 (15)  end if  

 (16)  end for  

 (17)  return selectedVMList; 

 

Underloading Host Detection Algorithm: 
 After detecting the overloaded hosts, selecting the VMs, 

and sending them to the other hosts, then in this step, the 

underloaded hosts are determined. Because the proposed 

consolidation mechanism is a dynamic mechanism for different 

types of workload, an adaptive method is needed to determine the 

lower threshold and to detect underloaded hosts. 

 

 

The algorithm 

Input: hostList , hostVMlist VMmigrationList 

 Output: 

 (1) foreach h in hostList do  

 (2) if (  )< ) && (   )<  &&  (         )<        )  then  

(3) underloadingList ← h; // host is under loaded  

(4) end for  

(5) foreach h in underloadingList do  

(6) utilC ←;     

(7) utilR  ←;  

(8) utilB   ←; 

(9) Util ←;  

(10) underloadingList.sortIncreasingUtil();  

(11) end for  

(12) foreach h in underloadingList do  

(13) foreach VM in hostVMlist() do  

(14) foreach host in hostList do  

(15) if( host ∉  underPressureList) then  

(16) if ((host has enough CPU, RAM and BW) && ( Not overloaded 

after VM migration) ) then  

(17)  VMmigrationList ← h.VM;  
(18)  hVMlist← hVMlist - h.VM; 

(19) break;  

(20) end if  

(21) end if 

(22) end for  

(23) end for  

(24) if(hVMlist = null) // after checking all VMs for each host;  

(25) return VMmigrationList;  

(26) end if 

(27) end for 

 

 

  V. PERFORMANCE EVALUATION 

 

 

The proposed mechanism is presented for general cloud 

environments such as IaaS. Therefore, it should be evaluated on a 

large-scale, virtualized data center infrastructure. Since it is 

supposed to assess the VM consolidation mechanism as a repeatable 

experiment, conducting the experiment on a real cloud environment 

is difficult. Hence, simulation is a desirable choice for evaluating the 

proposed mechanism. The CloudSim toolkit [23] is chosen as the 

simulation platform because it supports energy-efficient strategies in 

cloud resource provisioning and also supports the ability to simulate 

applications that have dynamic workloads. 
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         Fig3: Power Consumption comparison 

 

 

 
 

       Fig4:  VM migration vs Benchmark 

 

 

 

 
 

     Fig5: Energy Consumption vs Benchmark 

 

 

 

  VI. CONCLUSION 

 

 

Dynamic consolidation of VM using live migration and switching 

idle servers to the sleep mode allows cloud providers to optimize 

resource utilization and reduce energy consumption. Also, the 

current algorithms consider CPU as the only factor in VM 

consolidation. In this study, an energy-efficient whose goal is 

reducing the energy consumption regarding CPU, RAM, and BW.  

6*The experiment results have shown the improvement of the 

proposed mechanism compared to the benchmark algorithms. 

Hence, a performance-aware strategy that deals with various 

workloads running on the system can improve energy-efficient VM 

consolidation mechanism in cloud.   
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