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ABSTRACT 

With the demand in internet mobile computing with the introduction of 3G/4G networks, there is a fast demand with 

the computing resources at the datacenter which is leading to excessive power consumption. The prevailing system 

is tough to produce an honest exchange between power and performance. In the proposed system a unique approach 

to consolidate multiple virtual machines in exceedingly cloud based distributed hosting surroundings. The system is 

tested with various mete-heuristic techniques like penguin search optimization algorithm (PeSOA), particle swarm 

optimization (PSO), and Memetic algorithm and provides the comparative results under it. This agrees to split VM 

sources along with applied programs, the amount of need in VMs is also decreased. 
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1.0 INTRODUCTION 

The hasty growth in the Internet Technology and the rapid requirement of computational service over the internet is 

scaling the Datacenters over the world. Even though there is a significant reduction in the number of server base 

with the advancement in Virtualization, there is an increasing trend in the electricity usage of each server [1]. It is 

reported that about 1.1% to 1.5% of total electricity usage is from the global Datacenters [1]. 

The increasing trend in electricity usage and the carbon footprint due to the IT infrastructure and its supporting 

infrastructure like cooling, lighting, UPS power etc are major problems at the Datacenter. Dynamic consolidation of 

Virtual Machines and putting the idle nodes to sleep mode or switching off the machine will optimize the power 

usage to a greater extend. Power usage of Server hardware can be directly measured with various equipments, but 

measuring power usage of Virtual Machines are not directly possible because there is no devices for measuring 

Virtual Machine power. These Virtual Machines are just software implementation of actual hardware. There are 

many power metering methods as introduced in [2] [3] to measure the power of Virtual Machines which calculates 

the power as the sum of utilization of CPU, Memory and IO access. The capability of a Host machine or a Virtual 

Machine is represented in MIPS (Million Instructions Per Second) and the utilization of Virtual Machine and the 

power drawn can be identified through this [4].  

[5] used Ant Colony Meta-Heuristic algorithm to migrate the virtual machines. This method monitors the current 

resource requirements and depending on the need, artificial ants consolidate the Virtual Machines. This uses a 

maximum threshold limit of 80% for the CPU utilization. [6] defines four major problems on Virtual Machine 

consolidation, when the host is overloaded, when the host is under loaded, Virtual Machine selection from a 

overloaded host and active Virtual Machine migration. This uses a forecast and management algorithm to decrease 

the energy usage, at the mean time maintaining the SLA violations. This uses a trained machine learning mechanism 

using the historical data to predict the future usage of Virtual Machines. [7] focused on host overload detection. 

Markov Chain is used to identify the mean time to migrate Virtual Machines also maintaining the QOS. 

The contribution of this work is to reduce the Virtual Machine usage by Virtual Machine consolidation with 

heuristic algorithms. To maintain the quality of service, the utilization threshold is fixed to 85%. The Virtual 

Machine utilization of the system is tested with PeSoA, PSO and Memetic algorithms on Intel Xeon processors. The 

energy consumption of the system is compared upon applying the different algorithms. The rest of the paper is 

organized as follows. Section 2 PeSoA, Section 3 PSO, Section 4 Memetic Algorithm, Section 5 Power calculation 

and comparisons and Section 6 Conclusion. 
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2.0 VM CONSOLIDATION USING PENGUIN SEARCH OPTIMIZATION ALGORITHM (PESOA) 

This reflects the prey hunting behavior of penguin[8][9]. The food searching phenomenon of penguins is a 

collaborative distributed model where penguins move in search for their food in groups. The groups will be 

communicating with each other about the availability of food in the particular region, oxygen level and the food 

taken by them. Based on this information the other penguins move to the high availability region for taking its food. 

The room for groups is limited and once there is no new accommodation for a penguin in a group, it will start 

moving to a group that will be having the best availability. The dive of penguins is random within the group and it is 

not limited to single dive. The best food availability is identified by the group that consumed a large amount of food.   

Virtual Machine consolidation is done with respect to the penguin’s behavior of selecting food resource. Here the 

behavior of food selection depends on the Virtual Machine’s CPU and Memory availability as parameters. The 

algorithm for Virtual Machine consolidation is listed below.   

Create population of VMlist of N VMs in groups; 

Initialize the VM availability with respect to CPU and RAM 

While (Best solution is found) do 

For each VM ∈ VMlist do 

     While (utilization <=85%) do 

         Consolidate VM. 

         Update the current status of VM. 

End while 

End for 

Update the best solution. 

Make VM sleep state if under utilized 

End while. 

Fig.1 PESOA Algorithm 

3.0 VM CONSOLIDATION USING PARTICLE SWARM OPTIMIZATION (PSO) 

Particle Swam Optimization (PSO) is a intelligent technique proposed by Kennedy and Eberhart 1995[10]. This is 

formulated based on the behavior of flock birds. The social behavior in a group and the communication capacity is 

inspired in this algorithm. The velocities and position of the swarm is updated and communicated for the best 

solution. A global neighborhood gBest is used to share information globally and local neighborhood lBest is used to 

share the information locally. The position of the particle updated is based on the current position, new position and 

best position. 

Velocitynew=Velocitycurrent+(Positionbest-Postioncurrent)+(PositionneighborBest-Postionnew) – (I) 

Positionnew=Positioncurrent+Velocitynew – (II) 

The algorithm for PSO is given below. 

Initialize array of VMlist  

 For each VM in VMlist evaluate fitness function with respect to CPU and RAM 

 availability 

 Check the VM fitness with pBest. 

 Assign the best value to pBest 

 Check the fitness with the gBest 

 Assign the best value to gBest 

 Change the positions based on (I) and (II) 

Iterate the steps till best solution is reached. 

Fig.2 PSO Algorithm 
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4.0 MEMETIC OPTIMIZATION 

Memetic Algorithms[11] are a hybrid of evolutionary algorithms with a local search to accelerate the findings of 

good solutions. With the help of this, a closer solution can be replaced with a best solution. Memetic Algorithms 

uses meme that continuously check for individual improvement as well as global improvement. This algorithm is 

also very much popular because it will make use of all available information about the problem under study. The 

initial population of Memetic Algorithm is taken at random. The good featured individuals from the population are 

selected for the next generation. A local search like hill climbing method will enhance the generation. The algorithm 

used is given below. 

Initialize the population_size and Maximum_size 

Initialize the Virtual Machines(Population)  

While(!Best solution) 

Extract the best Virtual Machines  

Perform LocalSearch 

End While 

Apply the best solution as the global solution  

LocalSearch: 

While(!Best Solution) 

New_solution=neighbors(Best_solution) 

If New_solution is best 

 Best_solution=New_solution(local best) 

End If 

End While 

Fig.3 MEMETIC Algorithm 

5.0 POWER USAGE CALCULATION 

The power consumption at the datacenter is measured in PUE (Power Usage Effectiveness) this gives out how 

effectively the power utilization is done on the datacenters. The power usage effectiveness of a data center is 

calculated using the formula  

PUE = Total Facility Power / IT Equipment Energy 

If the PUE value is in the range 1 to 1.8, then the Datacenter is considered to be power efficient. 

The total facility power is equal to the power consumed by the IT equipments and the other equipments supporting 

the IT infrastructure. This includes the power for cooling, lighting, UPS charging power etc. 

IT Infrastructure power consumption mainly includes the power consumption by the CPUs, Memory Storage 

Devices and Network devices. Cooling system consumes the most of the power  in the Datacenter. If the heat 

produced at the datacenter is reduced, the major part of electric consumption (for cooling) can be reduced. This 

requires an efficient way of utilizing the Datacenter Virtual Machines.  

The power consumed at each Virtual Machine can be calculated with the formula given below [11] 

EVM = αcpuUcpu + αmemUmem + αmemUdisk + γ  -1 

Where α and γ are the model specific constant. 

Ucpu   is the power utilization at CPU 

Umem   is the power utilization of Memory 

Udisk   is the power utilization of Storage Device 
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6.0 RESULTS AND DISCUSSION 

The algorithms are tested with Cloud Sim which is a Library for Simulation of Cloud Computing Scenarios. The 

feature for support in modeling and simulation of large scale cloud computing infrastructure, including data centers 

is the reason to choose the tool. It provides basic classes for describing data centers, virtual machines, applications, 

users, computational resources, and policies. The Cloud Setup was done with X86 - 2 core processor with 1860 Mhz 

and varying RAM.  The performances of the algorithms are compared here. The system is simulated with varying 

workloads and the comparison of the same is charted below. The power utilization model of the machine at different 

utilization level is available at [13]. 

Table 1: Virtual Machine Utilization by PESOA, PSO and MEMETIC 

Total Virtual 

Machines allocated 

in the system 

VM usage with 

PESOA 

VM usage with 

PSO 

VM usage with 

MEMETIC 

30 28 24 18 

50 48 42 28 

80 78 62 40 

 

 

Fig.4 Virtual Machine Utilization by PESOA, PSO and MEMETIC 

The results show the number of Virtual Machines used on different loads. On comparing the three algorithms the 

Memetic algorithm performs better than the PeSoA and PSO in terms of the Virtual Machine usage. 

The power estimation of the virtual machines is calculated as given below. The utilization level is fixed to 80% in 

order to maintain performance. Taking the case here with maximum virtual machine assignment, the maximum total 

power required by the machine without algorithms at 80% load will be 

 Evm = 157 W as per [13] 

Now the percentage reduction in the utilization of the algorithms PESOA, PSO and MEMETIC is 2.5, 22.5 and 50 

percentage respectively. The power utilization of the algorithms is plotted below. 
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Fig.5 Power Utilization of PESOA, PSO and MEMETIC in Watts 

 

The Carbon emission per kWs based on coal based power generation system is 0.87 [12]. Carbon Footprint 

is calculated with the below formulae Cf. 

Cf = Puesd (kW) * Cemitted(kg/kW) and (Saved Power) Ps = Pactual - Puesd 

Table 2: Power usage in KVA and Carbon Footprint in Kgs 

Algorithm Vs Power Usage 
Power Usage  

(kW) 

Carbon footage 

( Kgs) 

VM 1.52 1.32 

PesoA 1.50 1.30 

PSO 1.47 1.27 

Memetic 1.31 1.13 

 

 

Fig.6 Carbon Footprint in Kgs 

 

The graph clearly shows that Memetic approach saves power or in the other sense, the carbon foot print is 

greatly reduced when compared with the other algorithms.  
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7.0 CONCLUSION 

 The excessive usage of cloud platform is indirectly consuming large power at the datacenter which is 

leading to a great share in the carbon footprint. A detailed study on the virtual machine consolidation to reduce the 

VM usage at the datacenter is studied and tested with PeSoA, PSO and Memetic algorithms. The study resulted with 

Memetic algorithm as a great savior for the carbon footprints at the datacenter. The study will be extended further 

considering the other parameters affecting the VM consolidation and QOS. 
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