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ABSTRACT 
The cloud is referred as a network or Internet. cloud is something that is present in a remote location. It can provide services to 
everyone over WAN, LAN or VPN. Many applications such as web conferencing, email, Customer relationship management (CRM) 
execute on cloud. This cloud computing makes our applications collaborative and mobile since it is platform independent, there is 
no need to install software locally on the PC. Cloud computing is referred as to manipulate, configure and access the software and 
hardware resources remotely. It also offers application, Infrastructure and online data storage. Cloud computing has many 
challenges it has to overcome. One of the main challenges is Load Balancing. This load balancing refers to distributing the 
workload evenly across all the hosts. For this a large amount of energy is required. Our main aim in this project is to reduce this 
energy consumption. so we design a heuristic method of load balancing which will help to allocate underutilized nodes to 
overloaded nodes during VM live migration. Thus my proposed system is to (1) To develop a usage profile of hosts and VMs (2) To 
design a load balancing technique such that initial allocation of hosts is done effectively to overcome unnecessary migration. 
 
KEYWORDS: EProtocol,CProtocol,Server Manager Agent ,Front-end Agent,User Agent.  

 

INTRODUCTION 

 

The term “cloud” appears to have its origin from network diagrams as schematic clouds. “Cloud 

computing” was named by thinking what happens when services and applications are moved into the internet 

“cloud.” Cloud computing is not that id developed in overnight; it traces back to a time when computer systems 

remotely time-shared computing resources and applications. 

Currently cloud computing delivers many different types of services and applications in the internet cloud 

and also that the devices that are made to work with these applications and services do not need any special 

applications to work. Many companies are delivering services from the cloud such as Google, Amazon, 

Microsoft, Salesforce and so on. 
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Fig. 1: Cloud Computing 

  

A. Characteristics: 

Cloud computing has many characteristics which are as follows Shared Infrastructure — enables the 

sharing of storage, physical services and networking capabilities by using a virtualized software model. The 

cloud infrastructure helps to make the most of the available infrastructure across a number of users.  

 

 Dynamic Provisioning — Based on the demand in requirements, this helps in the provision of services. 

This is done by using software automation, enabling the contraction and expansion of service capability, as 

needed.  While provisioning of resources it also should maintain high levels of reliability and security. 

  Network Access — can be accessed only in the presence of a broad network access. Deployments of 

services in the cloud include everything from using business applications to the latest application on the newest 

Gadgets.  

 Managed Metering — Uses a metering for managing and optimizing the service and to provide 

reporting and billing information. By this , consumers are billed for services based on their usage and their 

billing information. 

 

B. Service Models: 

Once a cloud is established,  The cloud computing services are deployed based on their demand on 

requirements The service models being deployed are as follows 

 

 Software as a Service (SaaS) — Consumers buy the ability to access and use a service or application 

that is present in the cloud. An example of this is Salesforce.com where necessary information about the 

interaction between the consumer and the service is presented as a service in the cloud platform.  

 Platform as a Service (PaaS) — Consumers purchase access to the platforms, by enabling them to 

deploy their own applications and softwares in the cloud. The operating systems and network access are not 

managed by the consumer.  There might be many constraints such as which applications to be deployed. 

 Infrastructure as a Service (IaaS) — Consumers  manage and control the systems in terms of the 

applications, storage ,operating systems  and network connectivity, but they do not control the cloud 

infrastructure by themselves. 

 

C. Deployment Models: 

There are four deployment models in cloud computing and are as follows. each have their own 

characteristic which helps to support the needs of resources and users in cloud. 

• Private Cloud -The cloud infrastructure has been operated, deployed, and is maintained for a specific 

organization. The operation may with a third party on premises or in-house  

• Community Cloud -The cloud infrastructure is shared among a number of organizations who have 

similar interests in resources and requirements. This may help to limit the capital expenditure costs as the costs 

are being shared among the organizations. The operation may with a third party on premises or in-house  

• Public Cloud - The cloud infrastructure is available to the public by a cloud service provider on a 

commercial basis. This helps a consumer to develop and deploy a service in the cloud who have a very little 

financial outlay compared to the expenditure requirements normally associated with other deployment options. 

• Hybrid Cloud - This can be a combination of public and private public clouds that support the users and 

requirement to retain some data in an organization, and also offers services in the cloud. The cloud infrastructure 

consists of a number of clouds of any type, but these clouds have the ability through their interfaces to allow 

data and/or applications to be moved from one cloud to another. 
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D. Benefits: 

The following are some of the benefits in cloud computing-based services and applications:  

 Lower IT infrastructure and computer costs for users 

 Improved performance 

 Backup and recovery 

 Fewer Maintenance issues 

 Performance and Scalability 

 Instant software updates 

 Improved compatibility between Operating systems 

 Increased storage capacity 

 Increase data safety 

 

Load Balancing: 

Load Balancing is the process of distributing workloads and computing resources evenly across the 

computing nodes in a cloud computing environment. It helps in managing the application or workload demands 

by allocating resources among different computers, servers or networks. 

It involves in distribution of traffic and demand that occur over the internet. It helps to achieve high 

performance levels when compared with traditional on-premises technology. It takes the advantage of clouds 

scalability to meet the demands and also improves overall availability. 

 

Live Migration: 

Live migration is the migration of a virtual machine from one host to another without switching it off. when 

properly migrated, the user will not notice any noticeable effect. It allows an administrator to take a virtual 

machine offline to maintain or upgrade without any downtime in system. 

The types in Live migration are as follows 

 

 Pre-Copy memory migration: 

1) Warm-up phase:  

In this, the hypervisor will create many  duplicates of all memory pages from the source node and copies it 

to the destination node but the virtual machine is not halted at the source node. If there are some changes in the 

pages of source node during the process of copying the duplicates, then the data will be re-duplicated until the 

rate of reduplicating the data will be less than the rate of copied page i.e. the page being corrupted(dirty page). 

 
2) Stop-and-Copy phase:  

In this, once the warm-up phase is over; the virtual machine will be halted at the source host, the changed 

data left will be copied to the destination node and virtual machine WILL start processing at the destination 

host. /. 

 

 Post Copy memory Migration:s 

In this, the virtual machine is initially retired for some time at the source host; when it is suspended a small 

set of running state of virtual machine (CPU Registers) is sent to the host at the destination and virtual machine 

start its working at the destination node even though most of the memory state is yet residing on the destination 

host. At the destination host when virtual machine tries to get the pages which are not being sent, page faults are 

generated. The two said faults are trapped at the destination host and sent back to the source host over the 

network which will create network faults. The source host responds to these network faults and will report it  by 

sending faulted pages. In this case, this can degrade the performance of the application running inside the virtual 

machine.  

 
 Hybrid Virtual Machine  Migration:s 

It is the combination of both pre copy and post copy virtual machine migration.It is based on five phases:  

1) Preparation Phase: System resources that are required at the target host are reserved.  

2)  Bounded pre copy rounds Phase: Identifies  the delimited pre copy rounds and then the working set of 

virtual machine is transferred to the receiver server. 

3) Virtual Machine state transfer Phase: The minimum state of virtual machine is captured and it is sent 

to the receiver server to continue the virtual machine at the target host.  

4) Virtual machine resume Phase: At the receiver server, the transferred state is launched.  

5) On Demand paging Phase: On the basis of application, it does the requests of read/write. 
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Need For Energy Aware Server Consolidation: 

The growth and demand of cloud computing leads to a very high demand  in the Energy Consumption of 

data centres. This is a major issue for our industry and society. This increased energy consumption leads to 

increase in expenditure. The servers are always kept in ON condition, this is also a reason for high energy 

consumption. Thus there is a need to minimize the energy consumption which results in profit margin for both 

the users and workers. Thus this is the need for energy consolidation in cloud computing. 

 

Objective: 

The objective of  project is to use a load balancing technique such that the energy consumption required for 

the work is reduced. Thus, energy is conserved. For this, some algorithms such as Greedy algorithm, 

Collaborative Protocol and Energy aware consolidation protocol are used. 

 

Literature Survey: 

1) Mehiar Dabbagh et al.[10] investigated about energy usage in cloud.They came with many ideas to lower 

the energy consumption using three techniques. They are (1) VM Placement and workload consolidation 

(2)Resource overcommitment (3) Workload prediction.Thus greater energy is saved. Here many servers are 

switched to power mode and energy consumption is reduced  

2) J. Octavio Gutierrez-Garcia et al.[9] proposed a paper pon cloud computing using agents.In this paper, 

the agents communicate to perform migration.It is done by using two protocols (1)CProtocol (2)EProtocol.Thus 

by these protocols we can say that the overload occured is low when compared to other. Some issues in this 

paper are (1)No resource usage profile is present (2)cannot be used in multiple organizations. 

3) Nidhi Jain Kansal et al. [11] did research on energy savings in data centre. This can be done only by 

reducing the migrations.In this paper, a firefly approach is dobne using two algorithms (1) FireFly 

Optimization—Energy-Aware Virtual Machine Migration (FFO-EVMM)Technique .Thus energy is saved and 

this makes a way to green computing.Thus the number of migrations is reduced to 44.39% and 34.36% hosts are 

saved. 

4)  Ibrahim Alzamil et al.[6] analyzed about cloud computing. They said that instead of buying software it 

is better to use cloud based on pay-per-basis.In this paper, a system architecture is designed to profile the 

resource usage. Here a leeds testbed is installed which supports in energy awareness.Thus the result shows that 

Leeds Testbed works as a cloud environment which is energy aware at both VM levels and Physical Level. 

 
Table 1: Literature Survey 

 TOPIC ADVANCES ISSUES 

1 Collaborative Agents for distributed 

load management in Cloud Data 

Collaborative Agents for distributed 
load management in Cloud Data 

Overhead is lower than the overhead 

of centralized and other distributed 

approaches. 
 

This proposal is suitable only for 

single organization , not for multiple 

organization. 
-Statistical resource usage of VM’s 

and hosts are not explicit. 

 

2 Toward Energy-Efficient Cloud 

Computing: Prediction, Consolidation, 

and Over 
commitment 

Great energy savings is achieved by 

turning more servers into lower power 

states and by increasing the utilization 
of the already active ones  

 

Overcommitment would not be 

possible without the capabilities 

brought by virtualization technology  
 

3 Energy-aware Virtual Machine 
Migration for Cloud 

Computing - A Firefly Optimization 

Approach 

this technique 
reduces the energy consumption of 

cloud data centers 

by saving the nodes and the number of 
migrations, 

thereby contributing towards the green 

computing. 
-higher scalability and lower number 

of host usage 

 

4 Energy-Aware Profiling for Cloud 

Computing 
Environments 

A proposed system architecture for 

profiling and assessing the energy 
efficiency 

of Cloud infrastructure resources. 

• Implementing the proposed 
architecture in an existing Cloud 

testbed to enable 

energy-aware profiling. 
 

There is no explicit Analysis and 

Reporting Unit of the proposed system 
to provide a meaningful feedback  

to the application developers to 

enhance their programming decisions 
with 

energy-awareness 

 

Modular Design: 

This project has three modules 

• Host Selection 
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• VM Live Migration 

• Energy Aware Server Consolidation  

 

A. Host selection: 

We need to balance the load of an overloaded host. In a data center there may be more than thousands of 

hosts present. So we need to select a host to which we will distribute the load of overloaded host. For this I used 

a algorithm called Greedy algorithm based on the type of live migration we need . 

There are three types of live migration heuristic 

 

1. CPU –based migration heuristic: 

This selects the VMs to be migrated based on the CPU usage. The SMA can be configured such that it can 

select CPU with highest usage(Hcpu) or CPU with lowest usage(Lcpu). 

If we select a Hcpu, an overloaded host will reduce its load but the destination host will be soon overloaded. 

If we select a Lcpu , an overloaded host will need many VM Migrations to reduce its load. But a potential 

destination host can be found to which migration can be done with low computing requirements. 

 

 2. Memory- based migration heuristic: 

This selects the VMs to be migrated based on the memory usage. The SMA can be configured such that it 

can select VMs with highest memory usage (Hmem) or with lowest memory usage(Lmem).This is similar to 

CPU-based migration heuristic. It is better to select VM with lowest memory usage. 

 

3.Combined-based migration heuristic: 

This selects the VMs to be migrated by both CPU and Memory usage. 

There are four combinations in this:   Hcpu-Hmem, HCPU-LMEM, LCPU-HMEM, and Lcpu- Lmem. 

Hcpu – Lmem migration heuristic selects VM with highest cpu usage and lowest memory usage. This is 

done by sorting the VMs hosted in ascending order depending on their CPU usage. Then, a CPU weight of k is 

assigned to the VM in the kth position of the sorted list. By doing this, the VM with the highest CPU usage has 

the heaviest weight. Afterward, the VMs are sorted in descending order according to their memory usage and a 

memory weight of k is assigned to the VM in the kth position of the sorted list. By doing this, the VM with the 

lowest memory usage has the heaviest weight. Finally, the VM with the highest sum of CPU weight and 

memory weight is selected for migration. 

Likewise the same is done for HCPU-HMEM, LCPU-HMEM, and LCPU-LMEM. 

  

4.  Imbalance-based migration heuristic: 

This selects the VMs that cause the largest resource usage imbalance to hosts. The imbalance in the 

resource usage of a host is the absolute difference between its CPU usage and its memory usage. Then, to 

calculate the resource usage 

imbalance caused by a VM ,the absolute difference between the CPU and memory usage contributions of 

the VM to the overall resource usage of its host is determined. Equations (1) and (2) calculate the CPU and 

memory usage contributions of a VM to the overall CPU and memory usage of its host respectively. 

 

1) Greedy Algorithm:  

This is used for greedy selection of destination hosts 

 

IF the initiator  is selecting a memory-based heuristic  

THEN  Select the participant with the lowest memory usage 

 

ELSE IF the initiator is selecting a CPU-based migration heuristic 

THEN Select the participant  with the lowest CPU usage 

 

ELSE IF the initiator is selecting a combined migration heuristic 

THEN Sort participants by memory usage in ascending order 

FOR EACH participant do 

SMA.weight(mem)=weight(mem) 

weight(mem)=weight(mem)+1 

Sort participants by CPU usage in ascending order 

FOR EACH participant do 

SMA.weight(cpu)=weight(cpu) 

weight(cpu)=weight(cpu)+1 

SMA.weight=SMA.weight(cpu) +    SMA.weight(mem) 
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Select the participant with highest total weight 

2)  Equations: 

(1) and (2) calculate the CPU and memory usage contributions of a VM to the overall  CPU and memory 

usage of its host respectively. 

(3) is used to the absolute difference between the CPU and memory usage. 

 

VMcpu= Host.CPUusage- (VM.vcores*(VM.CPUusage))/Host.vcores           (1) 

 

VMmem=Host.MEMusage(Vm.MEM*(VM.MEMusage))/ Host.MEM                            (2) 

 

VM.ResourceUsageImbalance= |VMcpu – Vmmem|              (3) 

 

Where 

Host.vCores stands for overall number of virtual cores of the host 

Host.MEM stands for overall amount of memory of the host 

VM.vCores stands for number of virtual cores allocated to the VM 

VM.MEM stands for amount of memory allocated to the VM 

Host:CPUusage and Host:Memoryusage stand for overall CPU and memory 

usage of the host respectively 

VM:CPUusage and VM:Memoryusage stand for CPU and memory usage of the 

VM respectively. 

  

Based on the greedy algorithm the destination host to which the overloaded host is to be migrated is 

determined. 

 

B. Live Migration: 

With the help of greedy algorithm, the destination host for live migration is determined.  

In this module, the Live Migration process is done. This is done with the help of Collaborative protocol also 

called as C Protocol. 

It has two roles – Initiatior and Participant. 

Initiator is the overloaded host and Participant is the underutilized SMA that is selected by greedy 

algorithm. The CPU and memory migration heuristics determine whether SMA is overloaded or underutilized. 

The steps in this CProtocol are 

 

 when the threshold of a SMA is exceeded, the overloaded SMA adopts the initiator role and sends a 

call-for-proposal message to the participant. 

 From the m participant SMAs, n SMAs with sufficient computing resources to host the VM reply with 

a propose message containing information about their hosts, e.g., available virtual cores and current CPU usage.  

 The other m-n participant SMAs reply with a refuse message either because they do not have sufficient 

resources to host the VM or because their resource usage thresholds would be exceeded by hosting the VM. 

 Afterward, from the proposals received, the initiator SMA selects a destination host based on a host 

selection heuristic and sends an accept-proposal message to the selected participant SMA and n–1 reject-

proposal messages to the remaining participant SMAs. 

 Then, the selected participant SMA may reply with either a confirm message indicating that sufficient 

resources have been allocated for the VM or a cancel message indicating that it has no longer sufficient 

resources to host the VM due to a sudden increase in CPU or memory usage. 

 If the initiator SMA receives a confirm message, the initiator SMA migrates the VM to the host of the 

selected SMA and sends an inform-done message to report success; otherwise, the initiator SMA sends a failure 

message. 

An example scenario of distributed load management is as follows 
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Fig. 2: CProtocol 

 

C. Energy Aware Server Consolidation: 

We can do an energy aware consolidation of a SMA to consolidate VMs deployed in potentially 

underutilized hosts into fewer hosts .This is done by Energy aware server consolidation protocol. It involves FA 

and SMAs and consists of four phases 

 
Fig. 3: EProtocol 

 

1. Leader selection: 

When the energy related migration threshold and activation threshold exceeds, The SMA promotes itself as 

a leader by using Request Interaction Protocol. By being a leader, this SMA is enabled to migrate its VM to 

other hosts. So this will prevent the migration of two VMS continuously at the same time. If the threshold of 

another SMA exceeds, then other SMA s promote it as leader. 

 

2. ConsecutiveVM Migrations: 

The leader migrates the VMs by playing the role of initiator in CProtocol. The leader use Hcpu migration 

because this is the most difficult to accomodate in terms of capacity and these will be the first one to be 

migrated .This initiator (leader) will send the messages to the destination VM which is selected by the greedy 

algorithm .If we allocate the VMs with lowest cpu usage , the selected SMA are prevented from being turned off 

and the number of migrations is reduced by delaying further server consolidation. 
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3. Turning Off Servers:  

Once the SMA has no more VMs  to migrate, it send a message to the FA and indicates that it is no more a 

leader and turns of it servers and goes to sleep mode. Thus this will reduce the amount of energy consumption as 

the unused server goes to sleep mode. 

 

4. Turning on Servers: 

When a users VM allocation request is not fulfilled, The FA verifies whether any SMA is in sleep mode. If 

yes, it will turn on the servers of SMA and allocates it to the user. I no host is in sleep state, then FA rejects the 

request of user. 

The power consumption of a host can be obtained from the formula which is as follows   

 

 (Host,CPUusage)= a if host is in sleep mode 

b+c Host.CPUusage  if host is on mode  

where a is the power consumption when host is in sleep mode 

b is the power consumption when host is on but idle 

c is the linear growth factor 

Host.CPUusage  is the overall CPU usage of host at a time 

 

Emprical Evaluation And Results: 

The specifications of the computer on which the experiments were carried out are : 2.7 GHz 12-core Intel 

Xeon E5, 64 GB 1,867 MHz DDR3 ECC, OS X 10.9.5 

The inputs are given below in table 1 and 2. 

 
Table 2: Load related input data 

INPUT VALUES POSSIBLE VALUES 

Avg.inter-arrival time of VMs 1200ms 

Avg.inter-departure time of VMs 37,000ms 

Monitoring Frequency of VMs 150ms 

Resource usage profiles of VMs {CPU50%,CPU75%,CPU100%} 

{Mem50%, Mem75%, Mem100%} 
 

Number of virtual cores of VMs {1, 2, 4, 6, 8} 

 

Memory size of VMs From 1 to 20 GBs in increments of 1 

 

Number of VMs 300 

 

Table 3: Data center’s Input Data 

INPUT VALUES POSSIBLE VALUES 

Number of UAs 1 

Number of FAs 1 

FA’s allocation heuristic Random 

Monitoring frequency of SMAs 150ms 

Load-related activation threshold 350 

 

Performance measures.  

The performance measures are  

1) average number of VM migrations per host,  

2) average resource usage imbalance per host, and 

3) average sample standard deviation of percentage of resource usage 

 

When the base paper and proposed work are compared, many results are obtained which are as follows 
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Fig. 4: Load Balancing heuristic 

 

In this Load balancing graph, the load balancing techniques of base model and proposed model are 

compared. The result says that there is a enhancement in proposed work. 

The Imbalance|Imbalance showed fewer migration when compared to the others.The reason is that the 

Imbalanced SMAs migrated their VM to the destination hosts whose VMs are also Imbalanced. 

 

 
Fig. 5: Avg. percentage of resource usage grouped by host type. 

 

The average percentage of resources grouped by host are calculated to analyze the effectiveness of SMAs 

which use load balancing techniques for consolidating the loads 

Here computer-intensive, Menory-intensive and regular hosts are compared. 

Computer-intensive has hign CPu usage but low memory usage , memory-intensive hosts have Hign 

memory usage and low CPU usage whereas regular hosts are consolidated with both CPU-intensive and 

memory intensive. 

The result is that the SMa of regular host and Computer-intensive consolidated more CPU load when 

compared to memory-intensive. Likewise memory-intensive nad regular host consolidated more memory load 

when compared woth computer-intensive host. 

Thus differnbet load can be consolidated by dofferent groups of hosts 

 
Fig. 6: Average number of active servers. 
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This graph shows the average number of servers that are active. 

It says that overall, 75% of servers are needed to handle the data center load 

 

 
Base model 

 
Proposed model 

 

Fig. 7: Average number of times a server was turned on. 

 

This graph compared the energy-migration threshold and the average number of servers that are turned ON. 

This shows that the best fit heuristic of the proposed model achieved a lower power consumption when 

compared to that of in the base model. Thus by using Best-fit heuristic the energy can be conserved with lower 

number of active servers. 

 

Conclusion And Future Work: 

Load balancing has a major part in cloud computing.This consumes a lot of energy.SO we are in a state to 

reduce the energy consumption.This paper analyzed many techniques to minimize the energy consumption 

during load balancing.But it has some issues such as (1) A resource usage profile of hosts and VMs is not 

present (2) Many parameters such as Bandwidth, IO, memory are not considered (3)There may be frequent VM 

live migrations.  

Thus based on my proposed work, a resource usage profile of VMs and hosts are created. Based on this 

profile, we can do the initial allocation of VMS to underutilized nodes such that the unnecessary VM migrations 

can be reduced and also an enhancement has been done in the number of VM migrations and the energy 

consumption. 

Our future work may include (1) doing this research with the help of other simulators such as 

Eucalyptus,open stack., etc by which performance can be increased. (2) System Reliability can be included. 

(3)any algorithm can be included to increase the system efficiency by which we can reduce the energy 

consumption 
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