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Abstract 

Cloud computing paradigm has gained enormous success 

through its heterogeneous services and diverse utility. The 

widespread access of cloud technology requires due 

considerations to some of the vital parameters about its 

available resources under service. Among them response time, 

load balancing, energy consumption and resource utilization 

are of primary concern. In this paper, a dynamic load 

balancing policy based on the performance, resource 

utilization and the power consumption is implemented. It 

checks for the performance and the load factors in order to 

allocate a resource for users’ jobs request. It also considers 

resource utilization and power consumption as a factor based 

on it. The results obtained after the simulations with various 

combinations of the datacenters clearly indicate that the 

proposed method results in effective reduction in response 

time and power consumption and improved resource 

utilization by comparing with the considered existing 

mechanisms.  

Keywords: Cloud Computing, Load Balancing, Resource 

Utilization, Game Theory, Fuzzy Logic, Bayesian Learning, 

Artificial Neural Network 

 

INTRODUCTION 

The development of technology has resulted in profound 

utilization of cloud computing in the 21st century as a model 

for on-demand internet based computing.  This is mainly due 

to its support for features like scalability, multi-tenancy and 

parallel computations using the virtualization technique. 

Among all the benefits cloud offers there is always 

involvement of complexities and the threats during the 

provisioning of the virtual machines (resource). The varied 

forms of services offered by cloud would pave the way for 

hidden complexities which need to be handled appropriately 

by the service providers. 

The factors generally considered during cloud provisioning 

are makespan, response time, power/energy consumption, 

cost, resource utilization and the load balancing. Among these 

we have focused more on the response time, power 

consumption and resource utilization by way of load 

balancing. Load balancing is a phrase for workload 

distributions across multiple computing resources [1] such as 

servers, a cluster, networks, disk drives etc. It seeks to acquire 

resource usage optimization, increased throughput and 

improved performance along with eliminating the possibilities 

of overburden of the resources. Load balancing applied to 

multiple components would result in enhanced reliability 

through redundancy. 

Load balancing could be performed statically or dynamically.  

Static load balancers does not use current state of the system 

[2] and are not pre-emptive, hence are less preferred, but 

dynamic load balancers use current state of the  system and 

permit pre-emption by allowing the processes to move from 

over-utilized to under-utilized systems. It could be handled at 

sever level or the virtual machine level. We have considered 

dynamically balancing the load at the server level for our 

experimentation purposes.   

The main problem with load balancing in cloud computing 

lies with resource utilization and thereby power consumption 

and performance. Most of the loads balancing strategies 

concentrate more on distributing the load evenly across the 

servers so that the response time is faster. But, they have not 

concentrated much upon the power consumption and other 

effects like cost based on it.  Due to lack of consideration on 

these, providers would be required to spend more on resource 

provisioning thereby transferring the burden on to the 

customers. This results in reduction of market for the services 

as well as lesser ROI (Return on Investment) for the 

providers. 

The ability of the load balancers to maintain resource 

utilization to a balanced level across the servers in the cloud 

datacenters can reduce the amount of energy consumption by 

avoiding overheating [3] of the nodes/servers. Energy 

consumption reduction would lead to reduced carbon 

emissions thereby supporting green computing. Increased 

utilization of the same resource without load balancing may 

result in failure of the resource (servers) thereby creating more 

problems to the providers from the perspective of the 

environment pollution due to carbon impact as well as the 

TCO (Total Cost of Ownership). There is also pressure from 

the government towards green computing initiatives, 
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indicating to maintain the level of datacenter emissions to a 

moderate permissible level in order to comply with its 

sustainability and licensing issues. 

Thus the authors propose an enhanced load balancing 

algorithm by considering dynamic load and the performance 

factors into account in order to provision the resources in a 

balanced manner by improving the response time, resource 

utilization, energy consumption and the cost. This mechanism 

would prove to be most efficient in fulfilling the requirements 

from the providers and hence from the consumers perspective. 

The remainder of the paper is divided into the following 

sections. Section II describes on the related work. Section III 

details the problem scenario. Section IV discusses the 

algorithm and its implementations Section V presents the 

result and its analysis and Section VI concludes the paper. 

 

RELATED WORK 

There are many algorithms proposed by lots of researchers to 

perform load balancing in cloud computing. We have many 

static and dynamic algorithms each having their own benefits 

and limitations. Among them static algorithms are less 

preferred because of their inability to be effective in resource 

utilization and fault tolerant capabilities. So, we have 

considered discussing about some of the dynamic load 

balancing strategies and their findings. 

Jitendra Bhatia et. al [4]presented  a dynamic load balancing 

strategy which considers the load and performance as main 

factors in order to dynamically generate a queue of servers to 

be provisioned for the job requests. Through experimentation 

they have proved that HTV algorithm results in better 

response time, resource utilization and  fault tolerance. But, 

they have not concentrated upon power consumption and cost 

optimizations. Shreenath Acharya et. al [2] have proposed an 

enhanced algorithm that proved to be an enhancement for the 

HTV algorithm by providing some higher level of benefits in 

performance as well as resource utilization using user based 

priority. This work is an extended version of this paper. 

Saurabh Jain et. al [5] have proposed an enhanced  
dynamic load balancing meachism which contains 
selection of target host and virtual machines for execution 
of the tasks by setting  appropriate thresholds for 
minimzing the power cosnumption.  Through simulations 
they had proved that their methodology results in better 
resource utilization and reduced energy consumption than 
the existing ones. 

Anton Beloglazov et. al [6] have developed a  threshold based  

approach for energy efficiency in cloud computing. They have 

stated that power consumption could be modelled based on 

the cpu utilization and an idle server consumes 70% of its 

maximum power consumption. They have modelled energy as 

function of power consumption over time. They developed a 

cost model using cpu  utilization, amount of utilized memory 

and the network bandwidth. 

 

Akash Jain et. al [7] have proposed a load balancing algorithm 

that uses categorization of the users based on their request. 

This algorithm specifically reserves resources for the users 

with higher priority and the normal users would be utilizing 

the resources as per its availability. But. They there is no 

information related to the utilization of the resources when the 

priority users are not active and it is not implemented. 

Ranesh Kumar Naha et. al [8] have developed broker based 

algorithms to support trade-off between cost and the 

performance. Through simulations carried over different cloud 

scenarios they have shown that their approach is cost effective 

and results in higher performance compared with the service 

proximity based routing algorithm But, they have not 

considered resource utilization and power consumption 

parameters in their experimentations.  

Pandaba Pradhan et. al [9] have compared the three basic load 

balancing algorithms like round robin, SJF and FCFS. They 

have informed that round robin would become FCFS if the 

time quantum is high and SJF is similar to FCFS with only 

change as SJF selects shortest job first. They proposed a 

modified round robin algorithm to improve the performance 

by dynamically changing time quantum using total cpu time 

and the number of jobs. 

Subhashish Mohapatra et. al[10] have conducted experiments 

on various load balancing algorithms like round robin, FCFS, 

Throttled, equally spread current execution load in order to 

compare their efficiency. Their study & the results obtained 

reveal that among these four round robin is the best method 

with respect to the performance as well as the cost. 

Jyotiska nath Khasnabish et. al [11] have introduced a 

mechanism of resource allocation for multi-tier cloud systems. 

They applied monitoring at each tiers rather than as a whole 

for resource allocation which proved to be more useful to 

improve resource utilization. But they have not considered the 

factors like cost, performance and power consumption. 

Weiwei Lina et. al [12] have proposed a dynamic resource 

allocation strategy in which initially an application is assigned 

with a VM which satisfies its minimum resource 

requirements. When the load varies the interval between new 

allocations of the resources are set as slower change meaning 

longer interval and faster change means shorter interval. If the 

load has a range of repitions, then resource is  allocated based 

on the changes. In order to reduce the overhead, they had set 

threshold value to get proper time of reallocation. This 

method, proved to efficient for peak load and resulted in less 

cost. 

Sivadon Chaisiri et. al [13] have developed an efficient 

resource provisioning  algorithm named OCRP (Opimal 

Cloud Resource Provisioning) specifically concentrating on 

minimizing the total cost . They introduced 2 plans for each 

user as on-demand and reservation. The provisioning phases 

were reservation, expanding and on-demand and each 

provisioning stage involved one or more provisioning phases. 

Through their experimentations they have shown that OCRP 

results in better reservation and on-demand allocation of the 
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resources with reduction in cost. 

Saraswathi AT et. al [14] have developed a cloud provisioning 

strategy mainly focussing on utilization of the resources. Their 

mechanism used pre-emption capability thereby pausing the 

execution of low priority jobs when a higher priority job 

arrives. This method provided better utilization for higher 

priority jobs but, may result in increased response time for the 

lower priority jobs and also starvation for resources. 

 

PROBLEM SCENARIO 

In the cloud computing environment, whenever the user’s job 

is submitted it must be assigned with the appropriate resources 

for execution. The allocation of the best resources for the 

effective and efficient execution is the main reason behind the 

success of this technology. Apart from this, maintaining the 

healthiness of the resources from the datacenter is also a 

major concern from the providers side in order to have 

significant benefits from the economic perspective. Thus, load 

balancing becomes a prime concern to be considered for cloud 

provisioning. To achieve this, the following scenario had been 

considered. 

Let C be the cloud environment represented as C = {D1, D2, 

D3,…,Dn) where D1,D2,D3,…,Dn are the number of 

datacenters in the cloud by the providers. 

Each datacenter has m number of servers given by, 

 

D = {S1,S2,S3,….,Sm} where m>n 

 

Each server may contain l number of virtual machines, 

 

i.e., S={v1,v2,….,vl}  where l>m 

 

Let J= {j1,j2,j3,….,jk} be the jobs submitted for the execution 

in cloud environment. where k>=l 

 

The problem is to optimally balance and schedule the jobs J in 

C such that resources in S are utilized in a balanced manner 

resulting in lesser response time and also reduced power 

consumption. 

 

i.e., C= ∑ 𝐷𝑖𝑚
𝑖=1                                                                       (1)   

       

       D =∑ 𝑆𝑗𝑛
𝑗=1                                                                       (2) 

Using 1 & 2, V є S must be able to execute the task  

efficiently  . 

For ex: Consider figure 1 containing 2 servers. If the numbers 

of jobs are 5 and the numbers of virtual machines in each 

server are 3. All the VMs are configured with equal Mips and 

RAM capability. When the jobs are submitted, they would be 

assigned to the first fit VMs from the servers if they are not 

scheduled in a balanced manner. Due to this most of the 

assigned jobs would be executed in the resources of the 

server1 making it overloaded. This is because, once the 

previously assigned jobs are finished by a VM, again the 

incoming jobs are assigned to it based on its fitness and the 

same process continues. In the real time scenario, it would 

make server1 more prone to failure owing to its excessive 

usage and may result in its breakdown. Server2 would be 

utilized very less although it is capable of executing the jobs. 

This results in more time and hence lesser performance by the 

cloud. According to the studies, it has been mentioned that an 

idle server consumes 70% of maximum power consumed by a 

server. Instead in these situations it would be working and 

utilized to a least extent but consumes significant amount of 

energy. 

 

Figure 1:  Problem Scenario 

 

SYSTEM ARCHITECTURE 

The basic architecture of the proposed system is shown in 

fig.2. It consists of the 4 main components as clients, jobs 

with user priority, dynamic load balancer and the resource 

pool.  

Client: This entity requests the cloud services through job 

inputs. Each job could be assigned with a jobtype or priority 

indicating its requirement of faster, moderate or lower speed 

of executions. It facilitates the load balancer with priorities for 

each submitted job in order to comply with users’ requests. 

The overall execution of tasks  mainly depend upon the clients 

as per their wish to have faster or normal completion of the 

tasks. 

Dynamic Load Balancer: It is the main component which 

performs the load balancing using 2 main components 

namely, scheduler and the resource allocator. Both these 

components work hand in hand to accomplish the task. 

i). Scheduler: It accepts the incoming job requests as per their 

priority and sorts the requests according to it. It performs 

sorting at both the VM level and the cloudlet level. At the VM 

level, it sorts the VMs based on their mips value. At the 

cloudlet level, the jobs are sorted according to their cloudlet 

length at the individual priority level group requested by the 

clients. Once all the sorting are completed a scheduling list is 

prepared and it is given to the resource allocator. 

ii). Resource Allocator: It receives the scheduled request from 

the scheduler. It assigns the resources i.e., hosts and their 

corresponding VMs according to the schedulers request such 

that there won’t be any possibility of overloading/over 
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burdening of the hosts while fulfilling the requirements. It 

maintains a queue of temporary and permanent resources 

dynamically updated as per the jobs arrival. The resources are 

taken from the queue after identification of their capability to 

fulfill the new arrivals. Resource allocator avails the resources 

from the resource pool of the cloud providers. 

Resource Pool: It is the datacenter hosting n number of 

resources which could be utilized in a shared manner using 

the virtualization techniques. The resources could be servers, 

networking infrastructures, storages since the context 

considered here is from the IaaS providers perspective. Apart 

from this, figure 2 shows only servers in the resource pool 

because we have considered server i.e., computational 

machine as a main component for our work. 

 

 

Figure 2:  Basic System Architecture 

 

The Resource Utilization of each server is given by: 

US = Up + Ur /2                                                                    (3) 

Up is the utilization of servers CPU capacity 

Ur is the utilization of servers RAM capacity 

Uavg = ∑ 𝑈𝑠𝑖𝑁
𝑖=1 /N                                                                (4) 

N is the no. of servers 

Power consumption of the server based on [6] is given by,  

Up = Up * α     if UP <Uopt and Up >0                                   (5)                                     

Up = Up * α + (Uopt - UP)2 *β  if UP > =Uopt and <1             (6)                                                      

 

Pmin is the power consumed when the resource (server) is idle 

and Pmax is the maximum power consumed when the server is 

active with load. The normalized utilization is a factor 

calculated based on the identification of optimum utilization, 

Uopt as 0.7 and assigning its value based on the non-linear 

relationships between the utilization and the dynamic power  

by setting the values of α and β are set as 0.5 and 10 

respectively [15]. 

 Ps = Pmin + (Pmax-Pmin)*Up                                                     (7) 

Poverall = ∑ 𝑃𝑠𝑖𝑁
𝑖=1                                                                              (8) 

 

Dynamic energy consumption is modeled as power 

consumption over a period of time T given by, 

E = ∑ 𝑃𝑜𝑣𝑒𝑟𝑎𝑙𝑙𝑇
𝑡=0                                                                 (9) 

Cost of utilizing resources is calculated by considering the 

amount of resources utilized like MIPS and RAM for 

execution of all the tasks. Thus it is mainly calculated based 

on the  cost of energy consumption  by excluding  the constant 

factors like cooling and others. 

Cost, C for resource provisioning is given by, 

C = Cost per KWh(E +   Ecooling)                                        (10)                                                                                                  

Cost per KWh is considered as per the rates of the leading 

cloud provider Amazon [17] and Ecooling is a constant for 

racks. 

 

IMPLEMENTATION 

The implementation of the proposed strategy is carried out in 

cloudsim using java programming language and eclipse 

editor. The user interface has been designed to dynamically 

input the datacenter configuration by way of number of 

servers & their configurations. Number of VMs and their 

configurations could also be configured as per the need. 

Apart from this, it permits the users to describe their job in the 

form of cloudlet lengths and also provisions for assigning 

priorities for each job. These informations will be useful for 

the clients to mention their requirements during the task/job 

submissions. It would also enable the scheduler to set the 

scheduling and load balancing according to the assigned 

priorities. 

The following pseudocode describes the steps in initial setting 

and reconfiguration of the resources as per the proposed 

scheme. 

Initialize the datacenter with S servers 

S = {s1,s2,s3,….,sn} 

Create m number of VMs 

sort (mips, vmlist) 
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Input: No of tasks, type p 

Task groups: t1, t2, t3 

For each request  from user 

no_of_tasks_per_vm= no_of_tasks /m 

case: p=1 

{  

  assign t to t1 

  sort (length,tasklist) 

} 

case:  p=2 

{  

  assign t to t2 

  sort (length,tasklist) 

} 

default: 

{ 

 assign t to t3 

 sort (length,tasklist) 

} 

EndFor 

Foreach vm do 

while ( ! no_of_task_per_vm) 

task++ 

map task to vm 

no_of_tasks_per_vm = no_of_tasks_per_vm -1 

EndWhile 

EndFor 

 

while (nextUnassignedTask) 

Foreach vm do 

task= nextUnassignedTask 

map task to vm 

EndFor 

EndWhile 

 

The proposed mechanism generates a dynamic queue of load 

[2,4] across the servers in order to have an understanding of 

which servers could be assigned with the next task while 

maintaining the load balancing. This uses specifically the 

creation of a temporary queue every time based on the 

performance and load factors calculated. The algorithm shown 

below describes the process of generating dynamic queue for 

improved load balancing. 

 

lf = Total  no. of resources – no. of used resources 

pf1 = average (current _response _time) 

pf = pf1 - (previously calculated pf1) 

pf =pf/(previous pf1)*100 

load =lf - pf 

If (load < 0) 

Assign load = 0 

EndIf 

Min _factor= min (all loads) 

Z = load / Min _factor 

Generate Dynamic Queue on base of Z 

Assign jobs based on Z for Servers 

 

Table1 describes an example of the initial configuration of the 

10 virtual machines along with their mips rating for the 

sample configuration.  Each of the 20 cloudlets are submitted 

with job length (cloudlet length) and the corresponding type 

specified by the clients based on their requirements of the 

performance. 

Table 1:  Initial Configuration 

 

Table 2 describes the re-arranged configurations before the 

execution of the tasks. It performs sorting the virtual machines 

according to their MIPS value. It also shows the grouping of 

the tasks based on their type as requested by the client. Inside 

the groups, again the cloudlets are sorted according to their 

lengths. 

Table 2:  Task grouping 
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When multiple tasks have same length they are sorted based 

on FCFS as per their ID value. Virtual machine sorting also 

follows the same procedure. The mappings of the VMs to the 

cloudlets are carried out by calculating the value of number of 

cloudlets per VM. In this case, it would be 2 cloudlets per 

VM. Load balancing algorithm is applied based on these 

mapping possibilities by generating a dynamic queue to 

identify the load on a server to decide whether to add a 

job/task to it or not i.e., to identify how many jobs could be 

added to this server. 

 

RESULTS AND DISCUSSION 

The experimentation has been conducted in cloudsim using 

java programming language with Eclipse editor. The user 

interface has been designed such that it allows the client to 

input their job requests with specific types. It also permits 

configuring number of servers and number of virtual 

machines such as mips, ram, number of cores and processing 

elements appropriately. 

The datacenter(s) are configured with both homogeneous and 

heterogeneous servers for our experimentation purposes and 

the parameters considered are response time, resource 

utilization, energy consumption and the cost along with load 

balancing capability. 

The VMs are configured with mips values as 200, 300, 400 

and 500 repeated in a random order as per the considered 

number of VMs. The ram values are set as 256MB and 

512MB respectively in each case. The cloudlets are 

configured with their lengths with values from 1000 to 30000 

utilized randomly. 

 

A. Homogeneous Servers 

In the homogeneous configuration, the servers are set with 

1000MIPS and 1024MB RAM along with number of 

processing elements and the number of cores set to one. The 

numbers of VMs are set as 50, 100, 150, 200, 300 

respectively. The workload is configured with varieties of 

tasks pertaining to various application types as 100, 200, 300, 

400 and 500.  

Figure 3 shows the performance of the proposed algorithm 

with respect to the existing load balancing policy named 

HTV.  It is evident from the figure that the proposed scheme 

results in better performance in terms of the response time and 

it has been found that it is able to the achieve about 13.6% 

improvement in  performance. 

 

 

Figure 3:  Execution time Vs. No. of Cloudlets 

 

Further experimentation has been conducted for various 

datacenter configurations having varied number of servers. 

Figure 4 depicts the average percentage resource utilization 

for several datacenter configurations. It can be inferred from 

the figure4 that the resource utilization of the proposed 

scheme is better than the considered existing policy. 

 

 

Figure 4:  Resource utilization Vs.  No. of Servers 

 

It is found that the proposed system is able to achieve about 

22.8% increase in resource utilization compared to the 

existing system. 

The energy consumption of the proposed system is compared 

with the existing algorithm in figure5. The values of the 

energy consumption under different datacenter configurations 

with varied jobs show that the proposed strategy consumes 

about 10.22% less energy than the existing  system. 
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Figure 5:  Energy consumption at various datacenter 

configurations 

 

The cost incurred for executing the assigned tasks based on 

their priority is presented in figure 6. It shows that the 

proposed scheme results in about 10.26% lesser burden in 

terms of cost, thereby leading to reduced expenses for both the 

providers and the consumers. 

 

Figure 6:  Cost Vs. Data center configurations 

 

The load balancing capability for homogeneous servers is 

measured based on their utilizations. The resource utilization 

(u) is compared based on the values as very low, low, 

moderate and high. Its mapping is as follows: 

Very low  if u <=0.2 

Low   if u >0.2 && u<=0.3 

Moderate  if u >0.3 && u<=0.6 

High   if u>0.6 

 

The load balancing is categorized as good, moderate and low 

respectively. Good corresponds to the amount of load across 

the servers with minimal variations (less than 1%) from the 

average load, moderate means loads are not same across the 

servers but within the permissible tolerance of  1 to 10% from 

the average load. Low means uneven load across all the 

servers. Table 3 shows the comparison of  load balancing and 

utilization of proposed scheme and the existing system.  

Table 3: Comparison of Resource Utilization and Load 

Balancing for datacenters with homogeneous server 

configurations 

 

It could be noted from table 3 that the proposed system is able 

to achieve higher utlization. Load balancing capability is 

moderate under different scenrios for existing algorithm but, it 

is good in the proposed algorithm thereby showing its 

consistency across various datacenter configurations and 

workloads. 

 

B.  Heterogeneous Servers 

In these configurations, the servers are set with 1000MIPS 

and 2000MIPS. The ram sizes are set as 1024MB and 

2048MB respectively. 

The numbers of VMs and their configurations as well as the 

workloads are set similar to the settings of the homogeneous 

servers. 

Figure 7 depicts the response time of the proposed system to 

be considerably better than the existing HTV load balancing 

policy. It is able to achieve about 16.97% reduction in 

response time thereby shows improved performance. 

 

Figure 7:  Execution time Vs. No. of Cloudlets 

 

The resource utilization for various datacenter configurations 

is shown in figure 8 which clearly shows the remarkable 

differences of about 27.78% higher utilization compared with 

the existing policy thereby revealing its effectiveness. 
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Figure 8:  Resource Utilization Vs. No. of Servers 

 

The energy consumption in case of heterogeneous servers in 

the datacenter has been displayed in figure 9. It clearly 

presents the supremacy of the proposed algorithm with respect 

to the existing policy.  It is able to achieve about 6.45% 

reduction in energy consumption. 

 

Figure 9:  Energy Consumption Vs. Datacenter 

configurations 

 

The cost of resource consumption is compared and shown in 

figure 10. This graph shows that the cost incurred for the 

execution of the tasks is about 6.4% lesser  in the proposed 

policy. 

 

Figure 10:  Cost  Vs. Datacenter Configurations 

 

Table 4 shows the comparison of effectiveness of the 

proposed policy with respect to the existing policy in terms of 

resource utilization and the load balancing capabilities. It 

follows the same mapping as considered for the datacenters 

with homogeneous servers described earlier. 

It can be seen from table 4 that the proposed scheme clearly 

out performs the exitsing mechanism in both the resource 

utilization and the load balancing ability. 

 

Table 4:  Comparison of Resource Utilization and Load 

Balancing for datacenters with heterogeneous server 

configurations 

 

 

CONCLUSION AND FUTURE SCOPE 

The main issues of consideration in the area of cloud 

computing like response time, resource utilization, energy 

consumption, cost and the load balancing are considered to 

measure the capability of the proposed scheme.  After testing 

the obtained results under homogeneous and the 

heterogeneous servers based datacenter configurations it can 

be clearly inferred that the proposed algorithm is better than 

the considered existing algorithm since it results in lesser 

response time, improved resource utilization, lower energy 

consumption and low cost. The load balancing ability is also 

found to be very promising compared with the existing 

algorithms thereby proving it to be more efficient and 

effective.  It could also be noted that increase in number of 

tasks does not incur in significant increase in the response 

time as per the variations in the workloads at both the 

homogeneous and heterogeneous datacenter configurations. 

The future scope could be testing the proposed algorithm in 

real time cloud set up to further study and analyze its 

effectiveness.. 
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