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 
Abstract: Cloud Computing provides the sharing ability and 

access for available cloud host and various distributed 
environments, namely Load Balancing (LB), virtualization 
technologies and scheduling techniques. The satisfaction of both 
users and cloud providers are the major issues for effective LB 
and task scheduling algorithms in cloud resource management, 
where the requirements namely high resource utilization, low 
monetary costs and minimum makespan. Many researchers tried 
to develop various heuristic and meta-heuristic algorithms to 
attain the aforementioned user requirements. But, when the 
number of tasks grows exponentially, these algorithms failed to 
achieve LB, lower running time, and it faces the high time 
complexity. In this research work, a KD-Tree algorithm is 
developed to address the issues of heuristic algorithms and 
provide efficient LB by partitioning the environments into several 
tasks. According to the deadline of task execution, the remaining 
tasks are adjusted dynamically by the proposed KD-tree algorithm 
in the virtual environment. The experiments are conducted to 
evaluate the efficiency of KD-Tree algorithm with existing 
heuristic techniques by using makespan, energy consumption and 
task migrations. When the number of tasks is 20, the proposed 
KD-Tree algorithm achieved 71.33% makespan and 5% task 
migrations. 
 

Index Terms: Cloud Computing, Heuristic methods, KD-Tree 
algorithm, Load Balancing, Makespan, Time Complexity. 

I. INTRODUCTION 

Cloud Computing (CC) allows end users to access the 
applications and associated data from anytime and anywhere. 
In addition, the on-demand resources are obtained by an end 
user from the CC [1,2]. This paradigm provides the 
computation, software services and storage applications, 
which can be accessed by the end users on the basis of 
on-demand. Custom applications with high scalability and 
availability are provided and offered by various CC providers 
namely Google Compute Engine (GCE) and Amazon Web 
Services (AWS) [3,4].  
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The computing resources are presented to clients by 
running the physical machines into multiple Virtual Machines 
(VMs) in a cloud environment. But, cloud providers are 
aimed to increase their profits as much as possible by 
misbehaving to the end users. Moreover, the providers' 
workloads and amount of resources are changed over time. 
Therefore, in such cases ensuring the profit of providers and 
the satisfaction of user's Quality of Service (QoS) 
requirements are the main issues, which should be considered 
[5,6]. To satisfy the customers of CC, QoS plays an important 
role by providing better services to the end users [7]. The 
number of Service Level Agreement (SLA) violations are 
reduced and provides better QoS services to the end 
customers by using efficient scheduling and LB algorithms. 
The execution time of requested applications of users are 
speeded up by using an efficient mechanism of LB 
algorithms, which also give fair access to end users and 
reduces the system imbalance in an effective way [8,9].  

There are two categories of LB algorithms presents in CC 
such as static and dynamic LB [10], where various 
meta-heuristic algorithms namely Artificial Bee Colony 
(ABC), Particle Swarm Optimization (PSO), Ant Colony 
Optimization (ACO), Genetic Algorithm (GA) [11-13] are 
developed to achieve better LB. Although, meta-heuristic 
algorithms attained LB effectively, it renders less useful to 
end users in realistic computational infrastructures due to high 
time complexity. The task's execution time is reduced and 
resource utilization are maximized by using various types of 
priority methods namely VM priority, task priority and 
sorting methods, that are involved in several heuristic 
algorithms [14,15]. In this research work, KD-Tree Algorithm 
is developed and implemented to balance the workloads 
among resources by partitioning the virtual environment. The 
LB is trigged when the server is overloaded and then the 
region limit is readjusted by changing the split coordinates, 
that are stored in the KD-Tree. In simulation testing, the 
prototypes are developed and used for testing their efficiency, 
where the performance of KD-Tree is compared to existing 
heuristic algorithms in terms of makespan, task migration and 
energy consumption. The load of a VM is identified by using 
the threshold value of KD-Tree algorithm. The task is 
removed in the particular VM which is having overloaded, 
and according to the deadline of task execution, a task is 
allocated to the identified VM. 
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The rest of the paper is organized as follows, Section II 
presents the detailed research of existing LB techniques used 
in CC. The contribution of this work and the proposed 
methodology are described to solve the issues of scheduling 
and LB is explained in Section III and IV. The performance of 
KD-Tree is compared to existing techniques by conducting 
several experiments are discussed in Section V. Finally, the 
conclusion of the paper with future work is detailed in Section 
VI.  

II. LITERATURE WORKS 

In CC, LB is considered as a NP-hard problem. Several 
researchers are tried to address these problems in CC. 
Therefore, the best optimum solution is needed to compute 
the amount of computation time. In this section, the research 
of recent developments in LB algorithms are discussed with 
its advantages and limitations K. R. Babu, and P. Samuel, [16] 
solved the problem of LB by developing the Enhanced Bee 
Colony (EBCA) Algorithm in cloud environment. This 
method also considered the priorities of tasks in the waiting 
queues of VM. The imbalance was reduced by selecting the 
tasks with minimum priority for migration. To validate the 
effectiveness of these methods, the experiments results used 
the makespan and a number of migrations as parameters 
against traditional BCA. The performance of the entire cloud 
eco system is degraded due to frequent migration of tasks. 

M. Lawanyashri, et al., [17] implemented the hybrid 
optimization algorithms includes Fruitfly with Simulated 
Annealing Algorithm (FOA-SA) for improving the optimum 
usage of VM, convergence rate, execution time and 
optimization accuracy. The makespan, energy consumption 
and cost of data center were reduced by balancing the 
workload with dynamic threshold values in FOA-SA. The 
energy consumption was reduced by using the sleeping 
strategy of FOA-SA, but the method failed to concentrate on 
network traffic information, which was an important issue in 
CC. T. Jena, and J. R. Mohanty, [18] implemented the 
Genetic Algorithm-based Customer-Conscious Resource 
Allocation and Task Scheduling (GACCRATS) to fulfil the 
gap between available infrastructure and frequently changing 
requirement of customer. The makespan time was reduced 
and achieved the maximum number of customer satisfaction 
by mapping the tasks to VM of multi-cloud federation. The 
experimental results showed that the GACCRATS method 
increased the scalability of multi-cloud environment. Even 
though, the method achieved good performance, the energy 
consumption, latency arbitration, running cost and data 
locality cost were not considered by GACCRATS. 

P. Durgadevi, and S. Srinivasan, [19] developed the 
combination of optimization techniques namely Cuckoo 
Search and Shuffled Frog Leaping Algorithm as SFLA-CS 
algorithm for resource allocation. These algorithms were used 
in complex situations due to an easier evaluation, where the 
sizes and request speed were analyzed. The resources were 
allocated on the server side by using these easier evaluations 
and the computed time was consumed very less. The high 
speed convergence was achieved by using the capacity of 
global optimization. The execution time, throughput, 
turnaround time and percentage of allocation were high in 

SFLA-CS method when compared with other existing 
techniques such as ABC and CS. L. Kong, et al., [20] 
developed a fast heuristic algorithm based on the zero 
imbalance method to address the issues of NP-problem in a 
heterogeneous environment. The completion time difference 
was minimized by using these method without taking complex 
scheduling decisions and priority methods. The LB and task 
scheduling were achieved effectively by defining two 
constraints, namely the earliest finish time and optimal 
completion time. The various performance metrics such as 
degree of imbalance, resource utilization, makespan, waiting 
time, monetary cost, running time (scheduling time) and 
efficiency were used to analyze the performance of this 
algorithm. But, the method failed to focus on power 
consumption, which was the major impact on the efficiency of 
LB. J. P. B. Mapetu, et al., [21] scheduled and balanced the 
tasks by developing the binary version of PSO as BPSO with 
low cost and low time complexity. The execution cost was 
reduced and avoided the under-loaded VM as well as 
over-loaded VM by improving the updating method for 
particle position. By using BPSO, the time complexity and 
waiting time of user request was reduced and also maintained 
the system scalability by scheduling the tasks effectively in 
cloud resource management. The experimental results 
validated the effectiveness of BPSO by using several 
parameters namely Degree of imbalance, makespan, resource 
utilization, execution cost, running time and waiting time 
against several heuristic algorithms. In order to satisfy both 
cloud users and providers, the performance of the cloud and 
LB are influenced by live migration and energy consumption. 

III. CONTRIBUTION OF THIS RESEARCH WORK 

When compared with the existing works, the major focus of 
this research work is to find the requirements of providers and 
users with lower computational time. The time complexity of 
scheduling algorithms, load imbalances, wait times are 
minimized and the resource utilization are maximized by 
cloud providers for gaining much profit as well as increasing 
the number of user tasks. The low monetary cost, less 
makespan time and highest availability are required by the 
cloud users. This paper develops the efficient and fast 
KD-tree algorithm by dividing the tasks to balance the 
workloads in contrast with several heuristic algorithms. The 
major specification of the work is discussed as:  

 The completion time difference is minimized 
among the heterogeneous VMs running and 
mapping in parallel on various host, which is used 
to balance the requirements of providers and users 
by designing the KD-Tree algorithm, instead of 
using complex heuristic algorithms.  

 The extensive experiments are carried out using 
real workloads to validate the feasibility of 
proposed KD-Tree algorithm, when compared with 
existing scheduling algorithms.  
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IV. PROPOSED METHODOLOGY 

The virtualized data centers support the CC, which is an 
attractive platform for various diverse applications because it 
provides the services to end users. In a cloud platform, many 
researchers tried to develop an efficient task scheduling and 
LB mechanisms, but they are unable to consider the service 
providers' perspective as well as optimum metrics from the 
users.  

This research work is developed to provide the benefits to 
both users and providers by assigning the jobs towards 
dynamic provisioning of resources, which leads to better 
makespan and migration time. The tasks are considered as 

node in this proposed work. The cloudlets will be assigned in 
VMs, when the nodes are divided for task execution. 
Sometimes, the VMs are classified into under loaded and 
overloaded due to the variations in processing capacity for 
several VMs. In such cases, the better performance is 
achieved by developing the efficient LB algorithms. The tasks 
are migrated because some VMs are overloaded with multiple 
tasks, where these migrated tasks are assigned to under loaded 
VMs. According to the priority, the migrated tasks are 
selected in this case. The lowest priority tasks are used as a 
candidate for migration process, in which Fig. 1 shows the 
basic structure of LB method.  

 

 
Fig. 1. Basic Structure of LB method 

 

In the cloud environment, all the resources are available in 
the repository called Cloud Information Service (CIS), where 
it is also defined as registry of data centers and it should 
register to CIS, when it is newly created. Normally, data 
centers are heterogeneous in nature due to the specific 
characteristics, which consists of various hosts. The number 
of processing elements with RAM and bandwidth 
characteristics are presented in the hosts. According to user 
request, different number of VMs are virtualized from those 
hosts. As like hosts, the VMs also have heterogeneous 
characteristics. In the data centers, the information about all 
the resources are collected by CIS. According to these 
information, the tasks are submitted to various VMs by cloud 
broker, where this research work considers the load balancer 
as well as task scheduler as a cloud broker. The overloaded 
conditions are verified by using the proposed algorithm and 
the tasks are migrated to under loaded VMs from overloaded 
VMs. 

Consider a cloud computing environment with 
heterogeneous users with varied job requirements. The 
provisioning of the resources results in the following 
overhead.  

Let  1 2 3, , ,......, MU u u u u  be the number of users. 

 1 2 3, , ,......, NC dc dc dc dc    

 cloud consists of group of datacenters 1 Ndc to dc   

 1 2 3, , ,....., LH h h h h   be the number of hosts (servers) 

in each data center.  1 2 3, , ,...., kV v v v v   

 be the number of VM in each host. When a user submits a 
job, the following activities are carried out, which is also 
shown in Fig. 2: 
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Fig. 2. Diagrammatic representation of Problem Definition 

 
 User-Level: Cloud users submits tasks  
 1 2, ,...., ZT T T to task handler which is supported by data 

center controller. 

 Scheduler Level: This level implements a cloud data 
center controller that accepts user submitted requests and 
maps to the task scheduler. The jobs are queued for a 
regular interval of time are filtered by the job size predictor 
which will arrange the tasks in the sorted order as per their 
Million Instruction Per Second (MIPS) requirement and 
the response time constraint and forms the task groups for 
allocation to the individual clusters. The clusters may be 
homogeneous or heterogeneous with different capabilities 
like low, medium and high capabilities. Load Balancer is 
used to minimize the waiting time and completion time of 
the tasks. However, improper task assignment strategy may 

unbalance the load among the VMs, i.e., few VMs are 
heavily loaded and others are idle and it also increases the 
completion and waiting time of the tasks. As a result, the 
overall make span of the system also increases. Hence, the 
proper LB among the VMs becomes a critical task to 
improve the performance of the system resources and 
maintain the stability of the environment. 

 Cloud-level: VM manager assigns a task to available 
virtual machine using to balance the load.  

A. Proposed KD-Tree Algorithm 

The point data are distributed in a k-dimensional space, 
where these data are indexed by a data structure called 
KD-Tree, which is also considered as k-dimensional binary 
search tree. To solve the space partitioning problems, 
algorithmic solutions are developed i.e. KD-trees. The two 
smaller sub-sections are derived along with x-axis and y-axis 
from the regions, which is used to create the KD-trees. In this 
section, the proposed LB algorithm called KD-Tree is 

described. The proposal is based on two criteria: first, the 
load of a server is presented as the bandwidth to send state 
updates to clients; and second, the system should be 
considered heterogeneous (i.e., every server may have a 
different amount of available bandwidth). Each node of the 
tree represents a region of the space defined by a coordinate 
used to split the space. The two half-spaces are represented 
by every two children of that node, where the half-space is 
obtained in the partitioning process.  

The splitting axis is alternated in the case of two 
dimensions, the axes x and y at each level of the tree, where if 
the first-level nodes store x-coordinates, the second-level 
nodes store y-coordinates. Every leaf node represents a 
region of the space, but it does not store any split coordinates. 
Instead, it stores a list of the tasks present in that region. 
Finally, each leaf node is associated to a server. When a 
server is overloaded, it triggers the load-balancing, which 
uses the KD-tree to readjust the split coordinates that define 
its region, thus reducing the amount of content. The nodes of 
the KD-tree also store two other values: capacity and the load 
of the sub-tree. The load of a leaf node is equal to the load of 
the associated region. Similarly, the capacity of a leaf node 
corresponds to the network capacity of its associated server. 
For each non-leaf node, the load and capacity values 
correspond to the sum of those stored in its child nodes. 
Hence the tree root stores the total weight and the total 
capacity, then upload bandwidth of the server system. In the 
following sub-sections, the construction of tree, load 
calculations are associated with each server and the effective 
LB algorithm are described.  

 KD-Tree Construction 

A balanced tree is constructed by initializing the 
construction of KD-tree. The tasks id values are used to 
verify whether each node has children or not. Each leaf 
represents the server associated region, which is determined 
in the leaf node. The difference between the number of leaf 
nodes in the two sub-trees of any given node is at most one, 
which allows to create the balanced tree.   

 Load Calculation  

Along with a specific dimension, each level of KD-Tree 
splits the all tasks using hyperplane, which is perpendicular 
to the corresponding axis. According to threshold values, all 
tasks will be split at the root of the tree, i.e. the tasks will be in 
the left sub-tree, when the threshold value is less than root 
and if it greater than root, the tasks will be placed in the right 
sub-tree. This process continues, until all the tasks have been 
executed. By using this partition steps, a KD-Tree algorithm 
effectively calculates the load of the tasks and assigned these 
tasks to corresponding server for execution. 

 Dynamic Load Balancing 

The various servers (i.e. under loaded servers) are 
assigned with particular tasks, where these tasks are migrated 
from the overloading servers.  
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To achieve this process, the data are collected and migrate 
to the other servers by overloaded servers using KD-tree 
algorithm that adjust the split coordinates of the regions. An 
array with tasks are maintained by each server, which is 
located in its respective region and sorted by x coordinates. A 
pointer with linked lists are stored by each element of the 
array, which is sorted by y coordinated tasks. The time 
required for balancing the load is minimized by using a local 
sorted tasks list on every server, since there is no need for the 
server to again sort the tasks lists send by other servers. 

 Task Scheduling 

Before initiating LB, the system has to find the demand to 
each overloaded VMs and supply to the under loaded VMs. 
Here the VMs are sorted based on the capacity in ascending 
order. The task migration is performed only when demand 
meets the supply. From the under loaded VM set, the 
proposed method selects a VM which has highest capacity as 
target VM. The method selects the task with lowest priority 
from an overloaded VM and it is rescheduled to an under 
loaded VM with maximum capacity.  

Supply to a particular VM is the difference between its 
capacity and current load and it can be calculated using Eq. 
(1) 

 

VMSupply Capacity Load                                          (1)  

   
Where, the capacity and load can be identified by using the 

following Eq. (2) and (3). The total capacity of the entire 
datacenter can be calculated from using the Eq. (2). 

 

1
n

C vm VMCapacity Capacity                     (2) 
 
As like capacity, the total load on a datacenter is the sum of 

load on each VMs. The equation is given by the Eq. (3). 

  

1
n

C vm VMLoad Load                                               (3) 
 
Then, the demand of a VM is calculated using the Eq. (4) 

 

VMDemand Load Capacity                                  (4) 

The proposed KD-Tree algorithm is presented in the above 
section. On submission of each task into the cloud, the VM 
will measure the current load status and calculates SD. If the 
variation of loads is greater than the threshold, then LB 
process is initiated. During this LB process, VMs are 
classified into under loaded and overloaded VM sets. Then 
the submitted tasks are rescheduled to the VM having highest 
capacity. 

V. RESULTS AND DISCUSSION 

In this section, the validation of proposed KD-Tree 
algorithm is verified by conducting several experiments on 
simulated cloud environment against existing techniques 
such as EBCA [16] and FOA-SA [17]. The first part 
discussed the experimental setup of KD-Tree algorithm, 
where the analysis is presented in the second part.  

A. Experimental Setup 

The KD-Tree LB method is experimented in a personal 
computer with Intel Core i3 processor and 2GB memory 
using Windows 8 operating system. The KD-Tree method is 
implemented using Java with cloudsim and the performance 
is evaluated with various cloud set up for load and capacity. 
In this heterogeneous environment, number of tasks and 
cloudlets with different specifications are considered. In the 
cloud environment, VMs with varying specifications are 
submitted. While compared with existing methods, a number 
of tasks migrations and energy consumption are measured. 
Table 1 explains the parameters and its instances, which are 
used for implementation.  

Table I. Parameters and its instances 
Parameter Value of Parameter 

Number of cloudlets 10,15,20,25,30 
Number of tasks 10,15,20,25,30 
Number of VMs 3 
Structure of the 

datasets 
(Number of tasks) * (Number of 

VMs) 
Reserved instances i1, i2, i3, i4 

B. Performance Metrics 
In this section, the performance of KD-Tree is validated by 

using three metrics such as makespan, energy consumption 
and tasks migration, which are explained as follows. 
 Makespan 

The overall completion time of tasks as zT in VM as kV are 

defined as makespan. The main aim is to reduce the 
makespan of tasks. The mathematical expression for 
makespan is given in the Eq. (5) 

   max
1 , ,i Z kt T V V i kF Y Minimize ft                         (5) 

Where, ,i kft   is the finishing time of task it  on the VM kV   

 Energy Consumption 
The energy consumption rate of VM, execution time of tasks 
and the energy consumption produced by the task running on 
the VM are used to identify the energy consumption of the 
task. The Eq. (6) explains the energy consumption of the 
tasks.  
The energy consumption is identified by  

 i j zecon econ rate exec T                         (6) 
Where, iecon   represents the task running on VM, which 

produced the energy consumption, jecon rate  describes 

the VMs’ energy consumption and  zexec T   presents the 

Tasks’ execution time.  
The total energy consumption is evaluated by Eq. (7) 

  1 1
Z n
i j ijE X econ                                    (7) 

The objective function is to minimize the energy 
consumption of the tasks, which is explained in Eq. (8), 

    2F Y Minimize E X                              (8) 
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C. Performance of KD-Tree Algorithm in terms of 
Makespan 

In this section, the performance of proposed KD-Tree is 
validated against EBCA and traditional BCA [16] in terms of 
makespan are discussed. Table 2 presents the experimental 
values of KD-Tree for makespan, where Figure 3 shows the 
graphical representation for makespan. The best values are 
represented in bold.  

Table II. Computation of Makespan for Proposed 
against existing techniques 

No. Of 
Cloudlets 

Bee Colony 
(s) [16] 

Enhanced Bee 
Colony (s) [16] 

KD-Tree-LB 
(s) 

10 50.1 43.85 40.66 
15 70.1 68.85 52.66 
20 80.1 78.85 71.33 
25 110.1 100.1 91.33 
30 120.1 118.85 102 

 

 
Fig. 3. Performance of KD-Tree in terms of Makespan 

The Fig. 3 clearly stated that the proposed KD-Tree 
Algorithm provides better performance for minimizing the 
makespan, when compared with traditional BCA and EBCA. 
When the number of tasks is 15, the makespan for BCA (i.e. 
70.1) is very high when compared with EBCA (i.e. 68.85). 
But, the proposed KD-Tree achieved very low makespan (i.e. 
52.66) for the same number of tasks. When the number of 
tasks increases, the makespan for all algorithms are also 
increases gradually. For instance, the proposed KD-Tree 
achieved 102 makespan for the 30th tasks, however the 
EBCA and BCA achieved 118.58 and 120.1 makespan for 
the same 30th tasks. While using the proposed KD-Tree 
algorithm, the makespan is reduced into a significant amount. 
i.e. The faster response is obtained by the users when 
compared with traditional techniques. The service providers 
provided the response time faster, which is a good measure of 
QoS. Therefore, it is proved that the customers obtained good 
QoS from the providers.  

D. Performance of KD-Tree Algorithm in terms of Task 
Migrations 

The performance of the clouds is affected, when the 
number of tasks migrations are greater, which will 
automatically reduce the QoS. Therefore, the number of tasks 
migrations are reduced by developing the efficient LB and 
scheduling mechanism. This proposed KD-Tree is 
implemented for analyzing the number of task migrations, 
where the experimental results are tabulated in Table 3. The 
best results are provided with bolded values.  

Table III. Task Migration Values for Proposed 
KD-Tree against existing Bee Colony 

No. Of 
Cloudlets 

Bee 
Colony 

[16] 

Enhanced Bee 
Colony [16] 

KD-Tree-LB 

10 2 2 2 
15 4 3 3 
20 7 7 5 
25 12 11 7 

 

 
Fig. 4. Tasks Migration of Proposed KD-Tree 

Fig. 4 shows the graphical representation for task 
migration for various number of cloudlets (tasks). When the 
number of tasks are less, all the algorithms are performed in 
the same way. For instance, the KD-Tree, EBCA and BCA 
provide the migration of tasks as 2 for the 10th task. But, 
when the number of tasks increased, the migration for 
KD-Tree algorithm provided better performance than all 
other techniques. i.e. KD-Tree achieved 5 migrations for 
20th tasks, but the EBCA as well as BCA achieved 7 
migrations for the same tasks. From the Table 3 and Figure 4, 
it is clearly proved that the number of task migrations is 
reduced by using KD-Tree algorithm. But, the performance 
of cloud eco system are affected, when the frequent migration 
of tasks occurs. In the next subsection, the energy 
consumption of KD-Tree algorithm is explained with 
validated results and their resultant graphs are discussed.  

E. Performance of KD-Tree Algorithm in terms of 
Energy Consumption 

In this section, the energy consumption for various tasks is 
calculated and the validated results are presented in Table 4. 
The energy consumption of proposed KD-Tree algorithm is 
compared with existing techniques namely PSO, Honeybee 
(HBB), Energy-aware FOA as EFOA and FOA-SA [17]. The 
graphical representation for energy consumption is 
represented in Fig. 5.  

Table IV. Table 4: Energy Consumption for 
KD-Tree algorithm against existing techniques 

No.  
Of 

Cloudlets 

PSO 
(kWh) 

[17] 

HBB- 
LB 

(kWh) 
[17] 

EFOA- 
LB 

(kWh) 
[17] 

FOA- 
SA-LB 
(kWh) 

[17] 

KD- 
Tree-LB 
(kWh) 

100 1.78 2.44 1.17 1.13 0.82 
200 3.12 3.66 1.28 1.20 1.09 
300 4.34 4.44 2.21 2.01 1.56 
400 7.21 5.5 3.20 3.08 2.47 
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Fig. 5. Total Energy Consumption of KD-Tree Algorithm 

 
Here, the energy is calculated in kWh. The KD-tree 

consumed 2.47 energy, EFOA and FOA-SA consumed 
nearly 3.25 energy for the 400th tasks, but PSO consumed 
more energy (i.e.7.21) and HBB consumed 5.5 energy for the 
same number of tasks. When the number of tasks is less, the 
energy consumption is also less for all the algorithms. For 
instance, all existing algorithms except HBB consumed 
nearly 1.80 energy, but the proposed KD-Tree consumed 
only 0.82 for the 100th tasks. In this proposed method, 
according to the threshold values of KD-Tree, the workloads 
are assigned in a balance state to every VMs in the data 
center. The tasks are removed from the overloaded VM and 
assigned to a particular VM, when the load is greater than the 
lower threshold value. Thus, it will make the KD-Tree 
algorithm consumes less energy when compared with all 
other existing techniques.  

From the all experimental results, the proposed KD-Tree 
algorithm reduces the makespan, energy consumption and 
number of task migrations, when compared with existing 
algorithms namely PSO, BCA, EBCA, FOA-SA, HBB and 
EFOA. In the cloud environment, the computational 
resources are effectively and efficiently used due to the 
performance of KD-Tree algorithm. Therefore, the end users 
experience better QoS by minimizing the number of task 
migrations, energy consumption and makespan.  

VI. CONCLUSION 

The number of tasks are increasing exponentially, due to a 
vast amount of cloud users in CC. The under loaded and 
heavy loaded conditions in the data centers are assigned to 
servers by using efficient LB algorithms. In order to maintain 
the QoS, the tasks are migrated to under loaded VMs from 
the overloaded VMs of the same datacenter. These tasks are 
scheduled and balanced among various heterogeneous 
environments. But, VMs faces several constraints namely 
high resource utilization, low makespan, low scheduling time 
and execution cost. This research work introduces the 
KD-Tree algorithm due to the inefficiency of heuristic 
algorithms. The virtual environment is divided and adjusted 
the split coordinates to provide the LB of servers, which are 
stored in nodes. The fine granularity of the load distribution 
is allowed by making the use of KD-Tree algorithm and 
readjust the regions by recursively traversing the tree, when 
compared with other common methods. The loads are 
assigned to every server that is close to the ideal value, 
therefore, the number of migrations are reduced using finer 

granularity. The experimental results showed that the 
proposed KD-Tree algorithm achieved 2% task migration 
and 40.66% makespan for the 10th tasks, where it consumed 
only 0.82 energy for 100th tasks. In this research work, the 
KD-Tree algorithm effectively balances the loads and 
schedules the tasks for a particular VM. In future work, the 
KD-Tree algorithm tried to reduce SLA violations by using 
effective scheduling algorithms.  
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