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Abstract— The emergence of Cloud Computing has made the 

feasibility of providing computing resources as services over 

the internet. These computing resources have been the major 

contributors to massive energy consumption, due to the 

presence of high speed computing devices. Cloud data 

centers consume tremendous energy in order to serve 

unpredictable, random requests from millions of consumers 

worldwide. Addressing and curtailing this energy 

consumption is associated with finding an energy efficient 

resource allocation mechanism in cloud data center that tries 

to overcome the main issue related with the need  to save 

energy conservation for future use. Energy efficiency of a 

cloud data center can be measured in terms of Power Usage 

Effectiveness (PUE) and Dynamic Range. Software Defined 

Networking (SDN) primarily aids in separating the control 

plane from data plane in cloud data center networks. The need 

to adapt to fully green cloud data center networks, not only 

reduces wastes to keep environment eco-friendly, but is also 

economically beneficial in reducing the operating costs. An 

approach to reduce the massive energy consumption is to 

make use of load balancing techniques like Weighted First-

cum-First-Served helps in avoiding overheating and 

overloading of servers, by evenly balancing the workload 

across all the servers in the data center, hence reducing the 

amount of energy consumed physical machines at run time, 

in such a way that, Weighted First-cum-First-Served 

(WFCFS) is chosen as the optimal energy aware load 

balancing solution, as it improves the performance and 

achieves minimum power consumption, minimum cost, 

minimum overall time taken, in comparison with other load 

balancers, thereby saves energy consumption to a greater 

extent. The central objective of this work is dedicated to focus 

on monitoring energy awareness in cloud data center with the 

aid of energy efficient resource allocation strategy to curtail 

the tremendous energy consumption and thereby achieve 

Green cloud environments. 
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I. INTRODUCTION 

In large data centers, energy efficiency has become the major 

concern. Cloud data centers accommodating large cloud 

applications; fulfil the consumer demands, by making use of 

high speed computing and storage devices. These particularly 

contribute to huge energy consumption and there is a 

necessity to curtail this. 

Resources are those that are used to execute any 

project. In IaaS environment, the main resources available as 

service are hardware infrastructure such as virtual machine, 

servers, network storage, memory, CPU and so on. Resource 

allocation mainly involves assigning tasks in an economic 

way [1]. The increasing environmental concern leads to the 

requirement to implement new energy efficiency mechanism 

and monitor its effects in a data center. The cost of resources 

will automatically abate once the power consumption is 

minimized. An effective means to achieve energy awareness 

in cloud is to adapt to optimal energy based load balancing 

techniques, which tries to overcome the enormous energy 

consumption of cloud data centers and provides with 

solutions that help to increase the utilization of the resources 

that are shared among servers. In the cloud computing 

domain, the dynamic resources allocation and provisioning is 

the prime objective for addressing the unpredictable, random 

demands and eventually, contribute in achieving optimal 

resource utilization [2]. 

Resource allocation is the key technology of cloud 

computing model, which efficiently exploits the usage of 

computing resources available like bandwidth, energy, and 

delay and so on in the network to facilitate the execution of 

cumbersome tasks that require large-scale computation. 

Proper VM placement and workload consolidation in turn 

saves energy conservation. The workload migration from 

overloaded hosts to lightly loaded hosts or servers tries to 

keep the energy consumption minimum. 

Cloud Computing involves a unique resource 

allocation strategy which includes resource discovery or 

selection, resource monitoring and resource provisioning, by 

means of task scheduling [3]. Proper energy management 

involves proper resource allocation and provisioning. 

Cloud Computing offers load balancing that aid in 

ensuring fairness and reliability in the system. Energy 

inefficiency problem is mainly due to imbalance in the 

system. Clients generate request randomly and major 

drawback of this randomness is due to the unequal 

assignment of tasks to the processors which creates 

inequalities in the system. In general, overloaded processors 

consume high power, high cost, increased execution time and 

high SLA violations, which are the major limitations of 

existing systems [3].  

The main aim of this manuscript is to focus on 

monitoring energy awareness in cloud data center  with the 

aid of energy-efficient resource allocation, achieved by using 

energy based efficient load balancer in cloud. Proper resource 

allocation is required with energy efficient provisioning 

which is aimed at minimizing overall energy consumption. 

Load balancing helps in optimal and efficient resource 

utilization [4]. Optimal resource utilization involves maximal 

CPU utilization with all processes equally sharing tasks to 

assign the necessary resources to clients’ request.  

  This energy efficient framework guarantees green 

cloud data centers, which sustains energy efficiency in 

computing resources. 

This paper is organized into various sections, which 

includes an overview of cloud computing paradigm. Section 

II describes the energy efficient resource allocation in cloud. 

Section III describes about monitoring energy awareness. 

Section IV presents the system architecture of the proposed 

work. Section V describes the simulation results obtained 

using different tools. Finally, Section VI presents with the 

conclusion part of the manuscript. 
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II. ENERGY EFFICIENT RESOURCE ALLOCATION IN CLOUD 

Resource Allocation in cloud computing is used to allocate 

resources to requested tasks of clients in an efficient and 

economic manner [4]. The available resources on cloud are 

provisioned to the VMs in such a way that the tremendous 

capabilities of the resources are exploited more efficiently 

without any means of delay in completion of tasks, which are 

initiated by the cloud users.  

Rapid resource allocation involves automatically 

assigning resources to the requested service, based on some 

constraints like priority, weight and arrival time.   The main 

intention of resource allocation strategy is to maximize the 

return on investment by means of profits of the customers or 

tenants, as well as the cloud service providers (CSP) in a large 

data center by balancing the demand of resources and 

subsequent provisioning of resources [4]. Resource allocation 

makes use of duration of project execution to be minimum 

and has limited resources, whereas resource levelling has 

unlimited resources to execute the project. 

The energy efficient resource allocation maintains 

the utilization of all computing resources and distributes the 

requested resources in data center with equal participation of 

all virtual machines in such a manner that the energy 

consumption can be minimized. The goal is to maintain 

availability to compute nodes while reducing the total energy 

consumed by the cloud infrastructure [5]. 

There is a centralized resource manager to monitor 

and manage the cloud computing resources. The tasks are 

assigned to the required VMs with the help of centralized 

resource manager. The resources are made available to the 

users through Virtual Machines (VMs). Virtual Machines are 

used to meet the resource requirement and dynamically 

allocate resources to the applications. The VM technology 

has become popular in recent years in data centers and cloud 

computing environments because it has a number of benefits 

including server consolidation, live migration, and security 

isolation.  

Cloud computing is based on the concept of 

virtualization is a binding of various services that can meet 

the user requirement in a cloud computing environment [5]. 

One or more VMs can be placed or deployed on a physical 

machine that meets the requirement for the VM. The task can 

be scheduled dynamic load balancing between the host in 

cloud computing environments are achieved using 

virtualization technology. Maximizing resource utilization 

improves the various benefits such as the rationalization of 

QoS, IT service customization, maintenance, and reliable 

services, etc. Improvements in physical host’s hardware, such 

as solid state drives, low power CPUs, and energy efficient 

computer monitors can helped to reduce the energy 

consumption issue to a certain degree [6].  

There is a need to reduce the greenhouse gas 

emissions by means of energy efficient technologies that 

decrease the overall energy consumption of computing 

resources, high speed storage devices and communication 

equipment. Optimum utilization of energy is increasingly 

important in data centers. The root cause of power 

consumption of the cooling system is the power dissipation 

of the physical servers [8]. One of measures to make data 

centers more energy efficient is to minimize the total energy 

consumption of these virtual machines and servers in a data 

center, through energy aware load balancers. 

III. MONITORING ENERGY AWARENESS 

The goal to achieve an energy efficient data center in cloud 

systems requires monitoring energy awareness.  This can be 

done by optimal resource allocation and proper load 

balancing. The main goal of any load balancing technique lies 

in distributing the workload evenly among all servers, to 

avoid any overloaded condition, whereby the workload is 

transferred from a heavily overloaded server to lightly under-

utilized servers [10]. Load balancing in cloud data centers 

ensures fairness in workload distribution amidst servers in the 

system, whereby resource utilization is maximized. The 

traffic gets bisected amidst all servers and data uniformly, 

without much delay or any denial of service. The waiting time 

and execution time for all tasks to get processed is reduced 

considerably with the aid of optimal resource allocation and 

proper load balancing [12]. This also minimizes the power 

consumption and in turn saves energy conservation for future 

use. Hence, the availability of computing resources is well 

sustained and optimal performance is guaranteed using 

Mininet emulator [14]. 

Self-adaptive algorithm like Weighted First-cum-

First-Served (WFCFS), which is suitable for dynamic 

environments, is considered as energy based load balancer 

that minimizes power consumption; minimize execution time 

and overall processing cost. 

Workload of a machine means the total length of the 

schedule required to execute all the tasks assigned to the 

machine and complete the job. Load balancing is performed 

mainly to utilize the performance of every virtual machine in 

the data center, which does the equivalent amount of work 

throughout the system, which in turn increases the throughput 

and minimizes the response time [16]. The working 

performance of the cloud service provider is mainly improved 

by load balancing [18]. In the proposed work, energy 

awareness is monitored efficiently by means of Energy aware 

Resource Manager and Load Balancer, which maintains the 

energy logs, provided by the Energy data collector, which 

effectively monitors the hosts, which are overloaded with 

VMs to serve the incoming requests.  

The overloaded host is powered down or shut down 

and the overloaded VM is migrated to the lightly-loaded or 

under-utilized host in the cloud system. By this approach, the 

energy usage of each host and VM is monitored and report is 

sent to the Energy aware Resource Manager and Load 

Balancer node, which provides green advice to the cloud 

users or tenants, who initially triggered the resource request 

to the cloud portal. 

IV. SYSTEM ARCHITECTURE 

In the proposed system, a cloud data center consisting of    

distinct nodes is considered. Each virtual machine (VM) can 

be denoted as a node, each of which is characterized by 

number of parameters and metrics like memory size, RAM 

capacity, bandwidth, throughput and delay. Multiple cloud 

users submit requests for resource allocation to the cloud 

portal, for which the service providers allocate resources, by 

making use of energy based load balancer like Weighted 

First-cum-First-Served (WFCFS), which is part of Energy 

aware Resource Manager and Load Balancer. The green 

advice is provided to the cloud users or tenants, who request 

for resources. 
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The proposed system architecture has five virtual 

machines considered in cloud data center with two hosts, 

where VMs are migrated when overload occurs in any of the 

hosts. Migration of VMs from one host to another takes place 

only when the memory size of VM is smaller than storage 

space of host. WFCFS load balancing algorithm is invoked 

which tries to balance the total system load by efficiently 

shifting or transferring the workload from over-subscribed 

nodes, which are usually at the core of data center networks 

and have more congestion to under-utilized nodes, with less 

congestion. Better performance is provided for both 

customers and providers. Customers or tenants are concerned 

with minimum response time, whereas providers are 

concerned with minimum overall execution time and both 

these requirements are satisfied by this model. 

The cloud data center networks with the aid of 

software defined networking aid in virtual machine 

management by means of live VM migration, whereby the 

congestion of overloaded servers and communication costs 

are effectively minimized. So such a new architecture is 

requiring an establishment of a new load balancing technique 

like Weighted First-cum-First-Served (WFCFS) that provide 

effective distributed solutions [21]. Energy consumption is 

monitored and reduced by adopting self-adaptive, dynamic 

load balancer like Weighted First-cum-First-Served 

(WFCFS) technique. The system allocates resources in a way 

that minimizes total time taken according to weights assigned 

to the tasks. 

This model predicts power consumption by a 

physical machine running multiple virtual machine (VM) 

instances. The system maintains a set of active servers 

selected to serve requests for each service and to monitor and 

maintain energy awareness; the system hibernates or shut 

downs the idle or under-utilized servers to save energy. Live 

VM migration is also performed, in cases where there is a 

need to maintain all servers powered on only and not to shut 

down. In case of overloaded host or PM, the VM is migrated 

from the overloaded Host 1 to the under-utilized or free Host 

2, as seen in the system architecture. This is addressed 

efficiently by the energy aware resource manager and the 

energy based WFCFS load balancer.  

The VM migration enables to avoid overload and 

balance the overall energy consumption of all the hosts. Thus, 

prediction of overloaded hosts can be determined based on 

energy aware resource manager and WFCFS load balancer in 

the cloud data center considered, which in turn gets 

information about energy usage from the energy data 

collector node, which maintains a list of energy usage logs of 

all hosts, running virtual machines (VMs). 

 
Fig. 1: System Architecture 

Thus, green advice is provided to cloud users, which 

guarantees energy efficiency with green cloud data centers, 

which in turn enforces green resources with the aid of 

dynamic virtual machine migration, whereby overloaded 

hosts are powered down. 

V. SIMULATION RESULTS 

The experimental results are obtained using CloudSim and 

Mininet with Open Flow simulation tools. The efficient 

resource utilization and storage in cloud environment has 

become a strategic element in terms of cost, time taken and 

energy consumption. Mininet is used for analyzing the cloud 

data center using Software defined networking (SDN), used 

for flexible networking. The custom topology is considered 

with 3 controllers, 8 switches and 10 hosts. This is extended 

to form a fat tree topology with several hosts and switches. In 

CloudSim, tasks which are to be run are called as Cloudlets. 

Brokers assign cloudlets to VMs in host. The live VM 

migration is also considered here, mainly to reduce energy 

consumption, by dynamically migrating the VMs without the 

need to shut down the servers. It also shows the resource 

utilization and energy consumption of each host in cloud data 

center. The VM migration from overloaded host to under-

utilized host is also obtained using CloudSim tool.  The cloud 

data center topology can be designed using Mininet emulator, 

which tries to build a network topology with a maximum of 

16 switches, supported by OpenvSwitch (OVS) controller of 

SDN [23], used in Mininet tool. Link utilization depends on 

bandwidth of each link and the flow statistics are calculated 

by topology discovery. Weights are assigned for each link in 

the topology, apart from assigning weights to tasks by 

WFCFS technique. Energy aware load balancing can be 

achieved using Openflow and OpenDayLight simulation [24] 

with the help of Mininet. The main advantage of SDN lies in 

clear isolation of control plane and data plane, whereby 

flexibility is guaranteed. The SDN controllers are POX, 

Floodlight, NOX, which provide interaction between 

switches and controller. 
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Fig. 2: Utilization of Resources and Energy consumption of 

each Host in Data Center using CloudSim simulator. 

 
Fig. 3: Calculation of Total Energy Consumption, VM 

Migration and SLA Violation using CloudSim simulator. 

 
Fig. 4: OpenFlow Switches and Hosts configuration using 

Mininet Emulator tool. 

 
Fig. 5: Custom Network topology creation using Miniedit - 

GUI based Mininet tool. 

 
Fig. 6: Sending Link Layer Discovery Protocol (LLDP) 

packets for topology discovery using Floodlight controller 

of SDN using Eclipse IDE. 

VI. CONCLUSION AND FUTURE WORK 

This paper presented the need for monitoring energy 

awareness in cloud data center, with energy efficient resource 

allocation to achieve Green cloud data centers. Using 

software defined networking (SDN) aid in providing 

flexibility by clearly separating control plane and data plane 

in the networking. The need to adapt to fully green cloud data 

center networks, not only reduces wastes to keep 

environment eco-friendly, but is also economically beneficial 

in reducing the operating costs. The optimal performance of 

energy based load balancing technique such as Weighted 

First-cum-First-Served (WFCFS) is exploited and chosen as 

the optimal load balancing solution. Resource allocation in 

cloud plays a vital role in scheduling of activities in an 

efficient and economic way. In this regard, the minimization 

of energy consumption plays a crucial role as there are 

enormous random requests from numerous clients all over the 

world. Load balancers aid in minimizing the tremendous 

energy consumption. Performance optimization and cost 

optimization are the essential objectives of the dynamic VM 

placement problem. The communication cost and congestion 

of over-subscribed nodes at the core of any data center 

topology are minimized by means of live VM migration, by 

measuring the link utilization of each node in the cloud data 

center. The experimental results obtained using CloudSim 

shows the utilization of resources and energy consumed by 
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each host in cloud data center. The total energy consumption, 

VM migration and SLA violation indicate that VMs gets 

migrated from overloaded hosts to lightly-loaded or under-

utilized hosts only if the memory size of VM is much less 

than storage space of hosts in data center, which tries to 

curtail enormous energy consumption and achieves a green 

aware cloud data center which saves energy conservation for 

future use. With the aid of Mininet emulator, the data center 

topology can be designed with maximum of 16 switches, 

supported by OpenvSwitch (OVS) controller, used in Mininet 

tool. Link utilization depends on bandwidth of each link and 

the flow statistics are calculated by topology discovery. 

Weights are assigned to each link in the topology, apart from 

assigning weights to tasks by WFCFS technique. POX 

controller of SDN helps in providing temporal information 

about flow utilization and aggregation, so as to assign weights 

to links of the data center topology. 

As part of the future work, the energy awareness is 

required to be implemented for the cloud data center 

networks, in case of real time workloads from Google cluster 

data and can be achieved with the aid of real time simulation 

tools only, since Mininet network is not connected to the 

Internet, whereby consumers are unable to ping Google from 

Mininet hosts. 
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