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I. Abstract 

Cloud computing has revolutionized the computing paradigm by enabling ubiquitous, elastic on-

demand computing over the network usually Internet. Nowadays, cloud computing is used in 

every real world activity e.g. healthcare, mobile communication, banks, firms, gyms, farming 

etc. The increased demand in computational power resulted in establishing large-scale data 

centers. The data centers consume a lot of electricity for continuous customer service support. 

Data center electricity consumption is projected to increase to roughly 140 billion kilowatt-hours 

annually by 2020, the equivalent annual output of 50 power plants, costing American businesses 

$13 billion annually in electricity bills. However, the developments in virtualization technology 

have resulted in increased resources utilization across data centers, but energy efficient 

utilization of resources becomes a challenge. There is a debate that cloud computing is green, 

contributing to sustainability or a risk of climate change because of huge amount of carbon 

emission from the data centers every year. Optimum utilization of resources can reduce energy 

consumption resulting in minimizing overall energy consumption of the data centers and carbon 

emission. 

 The thesis presents novel model for Energy Efficient Virtual Machine (VM) Allocation in 

Federated cloud data centers. The goal is to improve the utilization of the resources and reduce 

energy consumption without violating Service Level Agreement (SLA) terms. The VM 

allocation is performed in two phases. In the first phase the energy efficient Initial VM allocation 

algorithm is proposed and in the second phase VM Allocation is optimized by dynamic VM 

consolidation approach. A Support vector machine regression based method is proposed for VM 

consolidation phase.  The key contributions are: 

1. Initial VM Allocation algorithm analogous to bin packing algorithm has been proposed to 

pack the maximum virtual machine on less number of hosts being active consuming less 

power. 

2. VM consolidation algorithm based on support vector machine is proposed for energy 

efficient automatic VM consolidation.  

3. The algorithm also monitors the consolidation ratio to maintain the quality of Service of 

the data center. 
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II. Brief description on the state of the art of the research topic 

Cloud computing is based on utility computing paradigm as it allows for the provision of 

resources on demand dynamically. It provides a combined pool of resources, including storage 

space, networks, processing power, and specialized corporate and user applications. Resource 

allocation and management in cloud is a challenging task as it is heterogeneous, geographically 

distributed and can be provided by several organizations.  

Energy consumption while resource provisioning is another aspect which is gaining 

attention in today's data centers. Energy efficient VM Allocation means that we allocate the 

Virtual Machine (VM) to the physical machine (PM) such that the power comsumption is 

minimized. While considering the above constraints the resource allocation algorithms aim to 

accomplish the task of scheduling virtual machines on the servers residing in data centers and 

consequently scheduling network resources.  

Energy efficient VM allocation may depend on various factors i.e. VM and PM 

arrangement depending on CPU utilization, energy usage due to inaccurate previous allocations 

and load balancing etc. Based on the above factors various algorithms have been proposed in the 

literature. Paper [1] proposes an algorithm which is based on the utilization factor. The algorithm 

sorts all the VMs in decreasing order of current utilization and allocates each VM to a host that 

provides the least increase of power consumption due to this allocation. The author in [2] 

explains all the VM allocation policies that are used by the top IaaS (Infrastructure as a service) 

providers. The policies are: Striping, Round Robin, Bin packing, load balancing (free CPU 

count), Load balancing (free CPU Ratio), and Watt Per core etc. Round Robin is a technique in 

which the first PM which fulfills the criteria specified by the VM is selected for placing the VM. 

When next VM arrives then selection of PMs will start from the next PM of previously used PM. 

[3] Open Nebula supports packing, striping, load-aware policies etc. for VM allocation. Striping 

is an algorithm which discards all the hosts that do not have available resources to allocate the 

virtual machine. Then find the host with least number of virtual machines. [4] Packing is an 

algorithm which discards all the hosts that do not have available resources to allocate the virtual 

machine. Then find the host with maximum number of VMs.[3][4]. Paper [7] argues that VM 

allocation algorithm is not analogous to Bin packing problem as VMs only exists for the time 

they are performing computations so it can’t be analogous to classical Bin packing problem. So 

VM allocation problem can be considered as online Bin packing problem. We have proposed 
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Divided KD tree based best-fit allocation algorithm. VM allocation algorithms are based on 

searching operations as the best fit physical machine is searched to allocate the virtual machine. 

Searching algorithms based on trees performs better than other data structures. Divided KD trees 

are space partitioning dynamic trees and can be used for solving bin packing problem and load 

balancing problems. Because of the dynamic nature of the data structure it is used for Interactive 

Ray Tracing of Dynamic Scenes [25].[26]. Cloud computing is also dynamic and the VM 

assignment changes depending on the workload, so divided KD tree is best suited for the VM 

allocation in dynamic environment of cloud. 

VM allocation is performed in two phases 1) Initial VM allocation 2) VM consolidation. 

After Initial VM allocation the reconfiguration occurs to optimize the allocation. The algorithm 

considers load balancing as the optimization criteria. Varieties of load balancing algorithms are 

proposed in the literature. In paper [3] the author has proposed an algorithm which discards all 

the hosts that do not have available resources to allocate the virtual machine. Then find the host 

with most number of free CPUs. Load Balancing (free CPU Ratio) is an algorithm which 

discards all the hosts that do not have available resources to allocate the virtual machine. Then 

find the host with greatest ratio of free CPUs [3, 4] Watt per core is an algorithm which discards 

the hosts that do not have the resources to allocate the virtual machine in first phase. In the 

second phase it finds the host that would result in using the least additional wattage per CPU 

core. [5] 

Cost per core is an algorithm that discards the inadequate hosts in first phase and in the 

second phase it finds the one that would result in using the least additional cost per CPU core. [2] 

Viney Sharma and Gur Mauj Saran Srivastava in [6] proposed an energy efficient algorithm. The 

algorithm sorts the VMs in order of increasing CPU share and sort PMs in order of increasing 

available CPU share. The next step is to search a PM such that (Required VM = threshold 

utilization- VM allocation) . After VM allocation the maintenance phase starts and appropriate 

load balancing algorithms should be used for energy efficiency. Load balancing algorithms 

distributes the load from highly loaded hosts to the lightly loaded host so that performance 

degradation can be avoided. The basic objective of the load balancing algorithms must be 

identifying accurately the overloaded and the underloaded host. Most of the algorithms in 

literature are based on the CPU utilization factor of the CPU.  



5 
 

Considering CPU utilization as time series various predictive modeling approaches can 

be used to identify the overloaded and underloaded hosts. An extensive research is going on 

evaluating the performance of the machine learning algorithms for time series prediction. 

Various models e.g. Bayesian neural networks, K-nearest neighbor regression etc. have been 

proposed in literature for improving the accuracy and efficiency of time series modeling and 

forecasting. The author [11] has compared various time series prediction methods widely used 

these days. The Autoregressive Integrated Moving Average Model (ARIMA), ANN(Artificial 

Neural Network) , and SVM models were fitted to Al-Quds Index of the Palestinian Stock 

Exchange Market time series data and two-month future points were forecast. The results of 

applying SVM methods and the accuracy of forecasting were assessed and compared to ARIMA 

and ANN methods through the minimum root-mean-square error of the natural logarithms of the 

data. Results proved that svm is better method of modeling and outperformed ARIMA and ANN. 

In financial time series modeling one of the key problem is non-stationary, as in cloud the 

workload is non-stationary (dynamic). [9] SVM handles the dynamic workload and noise 

(missing values in time series) very effectively. [10]. SVM can be used for the load prediction is 

supported by [11][12], the author presented a model based on least square support vector 

machine(LS-SVM)  to predict the daily peak loads of the electricity in a month. In federated 

clouds the resource allocation problem also depends on the architecture of the federation. The 

cloud federation may be possible in a predefined collaborative group or the cloud providers may 

register to a centralized entity called “market” to share the resources. Reservoir collaborates with 

predefined group and the architecture is same as the multi-datacenter cloud provider. It comes 

under volunteer federation [27] .If one site of the cloud is down or in shortage of resources the 

other site works as a backup site. VM allocation problem in reservoir is solved as an 

optimization problem using column generation. [15] The architecture of the cloud federation 

may also change depending on the number of brokers between the cloud entities. Paper [13] 

explains the various possible cloud brokers’ arrangements to realize different federated cloud 

architectures. Contrail, OPTIMIS and ClouDiA  are also emerging cloud federation projects aims 

at offering infrastructure-as-a-service on top of federated clouds.[14][16-23]. Open cirrus is a 

closed federation environment dedicated to universities.[24].  
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III. Problem Definition 

The objective of the work is to optimize the virtual machine allocation in federated clouds. The 

optimization problem is divided into two phases 1) Initial VM allocation 2) VM consolidation. 

The problem statement for the same is as under: 

Let 1 2( , ............. )mR r r r be the set of resources in data center i  with a capacity 
k

ic
 where k R . 

The energy consumption for the data center  iE
 is defined as  max min min( ) ( )* ( )i iE t P P U t P    

where   

maxP 
 Power Consumption at the peak load 

minP 
Minimum Power Consumption in active mode 

iU 
 Resource Utilization of Data center  i  where 

1

( )
m

i

j

U t CjXj


  

jC 
No of MIPS (Micro instructions per second) executed by the CPU 

Xj  1/Total capacity in terms of MIPS of CPU 

The cost of the power per unit is 
cos pt  and the cost of the SLA violation is 

cos vt  . If the cloud 

provider does not have enough cloud resources or the SLA will be violated, the cloud provider 

first contacts with another Cloud Provider and negotiates with it the execution of this task. In this 

case, the price of this execution is defined as: 

cos cos cosp vT t t t 
               

cos v t tt   
 

t 
 Migration Cost of task t including Machine cost 

t = cost Energy Impact of task t on the environment 

If all negotiations fail, the Cloud Provider finds the SLA whose violation implies in lower cost 

and executes the task. In this case, the price to execute the tasks is defined as shown in Equation 

cos cosv vN t T t    
 

where   is the cost of violate the QoS requirements of other tasks and   is the cost associated 

with energy consumption violation.  

                       Minimize 
1 1

( )
T m

i

t j

E E t
 

             subject to           max min min( ) ( )* ( )i iE t P P U t P    

( )iU t   peak load at time t , ∀ Ri ϵ R and ∀ tj ε T 
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IV. Objective and Scope of work 

The work deal with the research challenges in relation to energy-efficient VM allocation and 

consolidation in IaaS federated cloud under Quality of service constraints. In particular, the 

following research problems are investigated: 

 

A. Which PM to select for VM Allocation. Since VM allocation process is a two phase 

process the first task is to select the appropriate PM to allocate VM so that less number of 

hosts remains active at a particular point of time. 

 

B. When and Which PM to switch on/off. While VM allocation and consolidation the 

objective is to minimize the number of active host. But the VM consolidation ratio should 

also not be so high that it violates the SLA (service level agreements). So it is necessary 

to appropriately determine that which and when the PM should be off so that SLA should 

not be violated and the workload should also be allocated optimally. 

 

C. When and which VM to migrate. Virtual machines needs to be migrated is based on the 

host overload and underload criteria. If the host is overloaded then VMs from the hosts 

needs to be migrated to avoid SLA violation. After deciding that the VMs needs be 

migrated then the crucial decision is which VM to migrate so the quality of service is not 

affected. 

 

To deal with the above challenges, the following objectives have been outlined:  

 

 Analyze, explore the methods available in the energy efficient data center management. 

 Conduct competitive analysis of algorithms for VM allocation & consolidation to obtain 

theoretical performance estimates and insights into the design of algorithms. 

 Design and develop an efficient algorithm to allocate VM on PM efficiently. 

 Propose an efficient algorithm which can predict accurately the overloaded and 

underloaded host considering the current workload. 

 Modify the federated testbed with multiple nodes to test the above algorithm. 
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V. Thesis Contribution  

The Objective of the research is to optimize the virtual Machine allocation in federated clouds. It 

is quality based research which optimizes the VM allocation based on energy. The key 

contributions of the thesis are. 

1.  An organization & survey of state of the art of the energy efficient VM allocation 

algorithms. 

2. Design and develop an initial VM Allocation algorithm analogous to bin packing 

algorithm to pack the maximum virtual machine on less number of hosts being active 

consuming less power. 

a. A dynamic data structure (Divided KD tree) is used to search the optimum host 

for every particular VM request. 

b. Apart from exact match queries the KD trees also supports range queries and most 

importantly multi-attribute queries to make the searching fast as compare to other 

search data structures. 

3. Design and develop VM consolidation algorithm based on support vector machine for 

automatic VM consolidation.  

a. Support vector machine analyses the CPU utilization of the host as a time series 

and predicts the overloaded hosts and underloaded hosts. 

b. Support Vector Machine is so effective in time series prediction that it has 

outperformed the artificial neural network based methods. 

With the help of above two methods the data centers operations are performed in fast and 

autonomous manner. In the first phase of VM allocation divided KD tree will pack the virtual 

machine in the appropriate host so that the total energy usage is minimized and in the second 

phase the support vector machine will predict the overloaded hosts and the underloaded hosts so 

that load balancing and VM consolidations can be done effectively. 
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VI. Methodology of Research, Results / Comparisons 

The research methodology followed in the thesis is summarizing as follows: 

A. Theoretical analysis of the VM allocation and consolidation algorithms presented in the 

literature is done to draw some insights to design and develop a best fit VM allocation 

algorithm.  Apart from VM allocation VM consolidation algorithms presented in the 

literature are also reviewed and proposed an algorithm based on support vector machine. 

 

B. The proposed algorithms are evaluated using SmartFed Simulator which is an extension 

of the discrete-event based simulator i.e. CloudSim simulation toolkit. SmartFed is 

extended to provide federated cloud environment. Latest version of CloudSim is 

embedded as a library file in SmartFed. In the latest version of CloudSim power and 

energy-aware simulations are also provided. The target system is IaaS(Infrastructure as a 

service), an environment which is projected to create a view of infinite compute resources 

to the cloud users. Conducting repeatable large-scale experiments on a real infrastructure 

is extremely difficult. Therefore we have used CloudSim simulator to evaluate the 

performance of the algorithm. 

 

C. The application workload is simulated using CloudSim PlanetLab platform. The 

workload provided by the CloudSim is representation of the real cloud environment 

Amazon EC2.  
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VII. Achievements with respect to objectives 

 

A. An initial VM allocation best fit algorithm is implemented to select the best host to 

allocate the users’ requests in the form of virtual machines. The algorithm is based on bin 

packing algorithm and packs the maximum vms on the less number of hosts such that 

active hosts are less and total energy consumed is less. 

a. A dynamic data structure (Divided KD tree) is used to search the optimum host 

for every particular VM request. 

b. Apart from exact match queries the KD trees also supports range queries and most 

importantly multi-attribute queries to make the searching fast as compare to other 

search data structures. 

B. VM consolidation algorithm is proposed which is based on support vector machine so 

that the best hosts for VM migrations can be selected. The decision of host selection 

depends on the criteria that host is overloaded and underloaded. The host overload and 

underload is been predicted based on support vector machine 

 

a. Support vector machine analyses the CPU utilization of the host as a time series 

and predicts the overloaded hosts and underloaded hosts. 

b. Support Vector Machine is so effective in time series prediction that it has 

outperformed the artificial neural network based methods. 

 

VIII. Conclusion 

The boom in cloud computing technology has brought lots of challenges like energy 

consumption, security challenges and carbon emission etc. In this thesis we have proposed an 

energy efficient virtual machine allocation algorithm. The algorithm is divided into two phases. 

In first phase the initial VM allocation algorithm based on divided KD tree is proposed to pack 

the maximum virtual machines in minimum number of servers resulting in minimized power 

consumption. The second phase of the algorithm in based on analyzing the load of the servers 

and the migrations of the VMs takes place from overloaded hosts to underloaded hosts so that 

load balancing and VM consolidation can be done. The algorithms are tested on reliable 

simulated platform of CloudSim. The workload in CloudSim is representation of the real cloud 

environment Amazon EC2.  
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