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ABSTRACT 

 Cloud computing is an emerging technology in which  virtual resources are provided over 

the Internet as utility on payment basis, which are dynamically scalable to deliver reliable, 

secure, fault-tolerant, and scalable computational services. This new technology has potential to 

reshape the way computing is done today, and can provide services to users as SaaS, IaaS and 

PaaS.  The increased demand for computational power have led to operatioanlisation of large-

scale virtualized data centres. Data centre facilities are heavy consumers of energy and huge 

costs are incurred by cloud service providers for running such data centres. These can consume 

enormous amount of electricity for computing as well as cooling purposes. The latest shift to 

Cloud computing have, given an opportunity for adoption of energy-efficient approach, as the 

physical resources are professionally manageable in this centralized data centers. Resource 

provisioning in data canters can be done in such a way that it can drastically reduce the power 

consumption, if the approach followed is aware of energy consumption for execution of each of 

the submitted tasks. In this paper, we proposed a novel approach for energy-aware resource 

allocation, which can reduce number of active nodes in a data canter. This approach can be used 

in conjunction with existing resource provisioning techniques, which can further increase 

energy-efficiency of data centres employing these techniques.  

  
Key words: Virtual Machine, Software as a Service, Service level Agreement (SLA), Quality of 

Service (QoS), Platform as a Service ( PaaS), Infrastructure as a Service ( IaaS) 

 

Corresponding Author: Navtej Singh Ghumman. 

 

INTRODUCTION 

The access to Computing is being envisioned as another utility service such as electricity, water, 

gas and telephony. Utility Computing [1] – the offering of computing services whenever user 

need them, thus transforming computing services to more commoditized utilities, similar to other 

utilities such as water, electricity, gas, and telephone. Cloud Computing is the next stage in 

evolution of the Internet wherein computing can be delivered as a service wherever and 

whenever required.  

Clouds may be called as a large pool of computing resources, which can be assessed 

using protocols with abstract interfaces [3]. The National Institute of Standards and Technology 

(NIST) [4] decided to standardize some concepts inherent to cloud computing and defined cloud 

computing as a model for enabling ubiquitous, convenient, on-demand network access to a 
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shared pool of configurable computing resources (e.g., networks, servers, storage, applications, 

and services) that can be rapidly provisioned and released with minimal management effort or 

service provider’s interaction. This cloud model is composed of five essential characteristics, 

three service models, and four deployment models. 

 

 

Figure 1 A depiction of cloud [2] 

 

1.2 System architecture of cloud computing 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2: System Architecture[11] 

 

Cloud is a massive network of servers, which run in parallel to provide combined computing 

power, which is publically accessible over the Internet. Individual users connect to the cloud 

from their own personal computers, or portable cloud as single application or a device. The 

underlying details of hardware and software are hidden from the user. The user is allowed access 

only to the front-end, to select a service. The user’s request is then passed through different 

layers of abstraction and is allocated appropriate resources which are then metered. The fabric 

layer consists of hardware resources such as that of computing, storage and network. The unified 

Application Layer 
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       Unified Resource Layer 
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resource layer visualizes the resources so that they are offered to platform and application layer 

as an integrated unit. The platform layer offers middleware on top of unified resource layer to 

offer development and deployment platform [3]. 

 Most of the above management tasks are automated with minimal possible human interference.  

 

1.3 Service models 

 Software as a Service (SaaS) - The capability provided to the consumer is to use the 

provider’s applications running on a cloud infrastructure. The applications are accessible 

from various client devices through either a thin client interface, such as a web browser (e.g., 

web-based email), or a program interface. The consumer does not manage or control the 

underlying cloud infrastructure including network, servers, operating systems, storage, or 

even individual application capabilities, with the possible exception of limited user-specific 

application configuration settings. 

 

 
Figure 3: Cloud computing service delivery models [5] 

 

 Platform as a Service (PaaS) - The capability provided to the consumer is to deploy onto the 

cloud infrastructure consumer-created or acquired applications created using programming 

languages, libraries, services, and tools supported by the provider. The consumer 

does not manage or control the underlying cloud infrastructure including network, 

servers, operating systems, or storage, but has control over the deployed applications and 

possibly configuration settings for the application-hosting environment. 

 

 Infrastructure as a Service (IaaS) - The capability provided to the consumer is to provision 

processing, storage, networks, and other fundamental computing resources where the 

consumer is able to deploy and run arbitrary software, which can include operating systems 

and applications. The consumer does not manage or control the underlying cloud 
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infrastructure but has control over operating systems, storage, and deployed applications and 

possibly limited control of select networking components (e.g., host firewalls). 

 

1.4 Deployment Models 

 

 

Figure 4: Cloud deployment model [5] 

 

 Private cloud - The cloud infrastructure is provisioned for exclusive use by a single 

organization comprising multiple consumers (e.g., business units). It may be owned, 

managed, and operated by the organization, a third party, or some combination of them, and 

it may exist on or off premises. 

 Community cloud - The cloud infrastructure is  provisioned for exclusive use by  a specific 

community of consumers from organizations that  have shared concerns (e.g., mission, 

security requirements,  policy, and compliance considerations). It may be owned, managed, 

and operated by one or more of the organizations in the community, a third party, or some 

combination of them, and it may exist on or off premises. 

 Public cloud - The cloud infrastructure is provisioned for open use by the general public. It 

may be owned, managed, and operated by a business, academic, or government organization, 

or some combination of them.  It exists on the premises of the cloud provider. 

 Hybrid cloud - The cloud infrastructure is a  composition of two or more  distinct  cloud 

infrastructures (private, community, or public) that remain unique entities, but are bound 

together by standardized or proprietary technology that enables  data and application 

portability (e.g., cloud bursting for load balancing between clouds). 
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Cloud computing provides a SOA and applications having fault tolerance, high scalability, 

availability, flexibility, reduced overheads, reduced cost of ownership and on demand service. 

All of these can be provided by a service provider only when the operational costs are lower than 

revenues earned from customers.   

By analysing available literature, it is observed that evolution of cloud computing has led to 

establishment of large-scale data-canters. Cloud computing comes with a concept of distributed 

data centres.  

 

Overview of the related work 

Krishna Reddy et al. [6] have surveyed various task scheduling algorithms in cloud environment. 

They have explored techniques, frameworks and algorithms used for management and 

scheduling of data intensive workflow in cloud computing environment. Such scheduling has the 

objective to minimize total execution span of the workflow, minimize usage of bandwidth, 

computation and storage while meeting the QoS. They have described techniques like MIN-

MIN, MAX-MIN, Greedy Randomized Adaptive Search Procedure (GRASP), Genetic 

Algorithms (GA), Simulated Annealing (SA), Tabu Search,  Ant Colony Optimization (ACO) 

and Particle Swarm Optimization (PSO) which are used in cloud computing systems for efficient 

task scheduling. 

Pinar Senkul and Ismail H. Toroslu [7] have suggested architecture for workflow scheduling 

under resource allocation constraints. They have emphasised that since execution of task has a 

cost which varies depending upon resources allocated in order to execute the task.  

usic et al. [8] have emphasized virtualization as a promising approach to consolodiate multiple 

online services onto a smaller number of computing resources. They have suggested dynamic 

provisioning of VMs by consolidating workload and turning servers on and off as needed so that 

data centre operators can maintain the desired QoS while achieving higher server utilization and 

energy efficiency. They have proposed lookahead control scheme wherein the provisioning 

problem is posed as one of sequential optimization. Their dynamic provisioning of VMs is based 

upon accuracy of estimation of number of future requests to predict future state of the system and 

perform necessary reallocations. The overheads so involved in above estimations of future 

workload may be detrimental to overall performance of the system. 

Toosi et al. [9] have explored resource provisioning policies to increase IaaS provider’s profit in 

a federated cloud environment. A cloud federation allows providers to trade their resources 

through federation regulations, wherein providers aim to overcome resource limitation in their 

local infrastructure by outsourcing requests to other members of the federation. They have 

suggested that providers that support different types of QoS and pricing scheme for VMs have 

possibility of cancelling their terminable less profitable VMs(e.g. spot VMs) in favour of more 

profitable requests (e.g. on demand VMs). Providers can benefit from federation by outsourcing 

requests to other members of federation with lower load. 

Authors in [10] have observed that high power consumption of a data centre also leads to higher 

heat generation and requires an accompanying cooling system. This significantly increases the 

operational costs of a data centre. Failure to keep data centre temperature within operational 

ranges drastically reduces hardware reliability and potentially violates the SLA.  
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Rajkumar Buyya et al. [12] have observed that data centers hosting Cloud applications consume 

huge amounts of energy, contributing to high operational costs and carbon footprints to the 

environment. Therefore, we need Green Cloud computing solutions that can not only save 

energy for the environment but also reduce operational costs. Cloud service providers need to 

adopt  measures to ensure that their profit margin is not dramatically reduced due to high energy 

costs. For instance, Google, Microsoft, and Yahoo are building large data canters in barren desert 

land surrounding the Columbia River, USA to exploit cheap and reliable hydroelectric power. 

 Our proposed work gives an explicit option to user, so as to volunteer for green computing at 

data centre of cloud service provider. This approach can supplement most of the existing 

techniques for increasing efficiency and reducing power consumption of data centres. 

 

Objective of the work 

Through literature survey, it is identified that, cloud computing provides an opportunity for 

reducing power consumption involved in computing. It has given new opportunities to users and 

developers to improve its efficiency. Efforts to reduce the power consumption of data centre 

takes it closer towards the goal of ‘Green Computing’. 

Existing algorithms exist which use heuristic data and complex techniques for power-aware 

optimization with additional computational overheads. This technique can be employed 

alongside existing resource provisioning algorithms. The performance of the proposed technique 

will be simulated using CloudSim, with varying workloads. The energy consumption for 

execution of each of the submitted task can be calculated along with the existing mechanism of 

calculation of credit bill calculation for each customer. The overheads involved and the side 

effects of the implementation of the proposed technique in selective performance degradation 

will also be calculated. 

 

Experimental Setup 

We have used CloudSim to use our proposed VM allocation sub-policy, which is energy-

aware and is an add-on to the existing and established policies like DVFS, MAD, LRR and IQR 

etc. Our investigation has following goals:  

Carrying out the live execution of submitted cloudlets, by their VMs  

Allocation of hosts to VMs based upon established resource allocation policies. 

Adding our energy-aware resource allocation sub-policy to prefer energy-efficient hosts over 

less energy-efficient hosts. 

For accomplishing above, we have simulated a test bed, by suitable configuration setup in 

CloudSim -  

 

VM Types: 4  

VM Ram: {870, 1740, 1740, 613}  

VM Bandwidth: 100000 (100Mbits)  

VM Storage Capacity: 2500 (2.5GB)  

Host Types : (3) 

HP Proliant ML110 G4 (1x [Xeon 3040 1860 MHz, 2 Cores], 4GB). 

HP Proliant ML110 G5 (1x [Xeon 3075 2660 MHz, 2 Cores], 4GB) 
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IBM server x3250( 1x [Xeon 3470 2933 MHz, 2 Cores], 8GB)   

Host MIPS= {1860, 2660,2933}  

RAM= {4096, 4096,8192}  

Bandwidth= 1 000 000 (1 Gbit/s)  

Storage Capacity= 1 000 000 (1 GB)  

 

We have verified the effectiveness of our proposed sub-policy, by running experiments based 

on workload sourced from PlanetLab, which are available in CloudSim. We have also run 

various existing examples in the CloudSim, which are based upon combination of various  VM 

allocation and selection policies. 

We have also altered the existing examples, wherein our energy-aware sub-policy is added to 

the existing policies. The results of simulation suggest a considerable gain in overall energy 

efficiency of the data centre.  

With advent of hardware, which has power consumption closely linked with utilization load, 

the proposed policy would increase the benefit attained by our proposal. DVFS offers variable 

power consumption of electricity based upon current utilization levels of the CPUs . However 

other hardware components like RAM, harddsik   and switches etc offer  very little power saving 

even if they are underutilized. The energy efficiency thus can be gained by making less energy-

efficient nodes into idle mode, which can reduce their energy consumption by 70% of its peak 

power. Our proposed approach increases the chances of above tendency, wherein chances of 

energy saving are thus increased.   

The algorithm of proposed add-on policy has time complexity is nm, where n is no of hosts 

and m is the number of VMs to be allocated the resource.  

Following is algorithm for energy-aware resource allocation 

Input – List of Hosts (hostlist), List of VMs (vmlist) 

For each vm in the list do 

If target host is suitable for VM 

Add host to eligible host list (greenhostlist) 

If greenhostlist≠NUL then 

Select host with maximum energy efficiency (greenhost) 

greenhost.createVm(vm) 

Return allocation 

 

The above allocation is also applicable in live migration of  VMs, which is the ability to 

transfer across physical nodes. This can lead to dynamic consolidation to minimize no of active 

hosts. For deciding to migrate, a VM, the selection criteria for new hosts also takes into 

consideration the energy-efficiency of hosts. However exclusive live migration for dynamic 

consolidation, for attaining energy-efficiency can lead to performance degradation. 

 

RESULTS AND DISCUSSIONS  

 

One of the major reasons for energy-inefficiency for the data canters is their underutilization. 

A host even if is being used at 10% of its CPU utilization is consuming power to the tune of 50% 

of its peak power [13]. Hence energy-aware resource intervention in resource allocation in a data 

centre is equally important, than hardware level energy-efficiency 
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Table 1: Power consumption by the selected servers at different load levels in Watts 

 

Server 0% 10

% 

20
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30% 40% 50% 60

% 
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80
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90% 100% 

Hp ProLiant 

G4 

86 89.

4 

92.

6 

96 99.5 102 106 108 112 114 117 

Hp ProLiant 

G5 

93.7 97 101 105 110 116 121 125 129 133 135 

 

Hence consolidation of VMs on smaller number of hosts is a key technique, to attain the goal 

of higher overall energy efficiency of a data center. Moreover the hosts are added to a data enter 

as its utilization increases, with wider customer base. The hosts are added at later times in a 

datacenter are more probable to be energy-efficient, and more powerful.  So our resource 

allocation policies should encourage use of energy-efficent hosts, as and when possible, 

especially when more choice of hosts is available when the resources are otherwise 

underutilized. 

 

 
Figure 5: Power Consumption in kWh, for 3000 seconds simulation 

 

 
Figure 6: Power Consumption in kWh for 86400 seconds simulation 
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Energy-efficiency can be attained by energy management both at hardware level as well as 

well as efficient design of software, which takes care of optimum and efficient utilization of 

resources.  Many techniques like Dvfs and resource allocation policies are being used in cloud 

computing to achieve energy-efficency.  VM allocation policies and VM selction policies have 

been in use, and are used in the examples provided in the Cloudsim’ power package. The said 

examples have been designed by using various combinations of VM allocation policies and VM 

selection policies. These policies are used in selection of live migration of cloudlets from one 

host to another, for purpose of attaining load balancing. It has been illustrated in the Fig. 5 and 

Fig. 6, that considerable energy is saved by using these policies as compared to other illustrations 

in the examples provided. Following examples are given in the package 

IqrRs – A simulation of a heterogeneous power aware data center that applies the Inter 

QuartileRange (IQR) vm allocation policy and Random Selection (RS) VM selection policy. 

IqrMu – A simulation of  a heterogeneous power aware data canter that applies the Inter 

Quartile Range (IQR) vm allocation policy and Minimum Utilization (MU) VM selection policy. 

 IqrMmt – A simulation of  a heterogeneous power aware data canter that applies the Inter 

Quartile Range (IQR) vm allocation policy and Minimum Migration Time (MMT) VM selection 

policy. 

Out of all above policies, we have selected IqrMmt, IqrMu, IqrRs, for an add-on policy, which 

further enhances their energy efficiency. In our sub-policy, out of selected hosts as per above 

each of the policy for host selection, the one with least power consumption is selected. This 

automatically leads to preferential selection of more energy-efficient hosts. When the simulation 

is done for less time, the energy consumption is drastically reduced to the tune of 30-40% in 

many policies. However the amount of energy efficiency attained is reduced to to 5-10%, when 

the simulation is extended considerably. This extended simulation involves more utilization of 

hosts, as the load increases, and the activity of live migration is also increased for load balancing. 

However the gain of energy efficiency is achieved without any considerable change in average 

SLA violation.  

 

Our proposed sub-policy can be used as a sub-policy, which can be an add-on to any existing 

energy-efficiency enhancing load balancing policies as well as dynamic techniques. However, 

the gain so achieved is dependent upon the current load level, wherein we have seen considerable 

gains if the simulation is terminated sooner. This illustrates underutilized data centres with hosts 

with varying energy efficiency are more fit case for gains from this proposed vm allocation 

policy. 

 

CONCLUSION 

The proposed approach can act as an add-on sub-policy, to existing task scheduling, VM 

allocation and host allocations policies. It is also applicable on techniques using live migration 

for load balancing, where hardware have capability to reduce power consumption in tandem with 

utilization level. The user can opt for proposed add-on policy, which can reduce the cost of 

computing, the benefit of which can be shared between the service provider and service user. 

 

FUTURE SCOPE  

In future even the hosts setup can imbibe a typical commercial datacenter with diverse hosts 

with different capabilities and energy-efficiencies. The hosts may be geographically apart; hence 
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their energy requirement for cooling purposes is not taken into account in our simulations, which 

can be an important component 
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