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Abstract: Cloud computing, one of the fastest growing fields, 
is the the delivery of computing resources and services. Load 
balancing is a key problem in cloud computing (CC) that deals 
with the even distribution of work load across multiple virtual 
machines to ensure that no machine is overloaded or 
underutilized during the task computation. The load balancing 
optimization problem is an NP-hard problem, hence, for the 
optimal usage of available resources, we propose a new efficient 
user-priority multi-agent genetic algorithm (GA). Our algorithm 
takes the “users’ priority and earliest job finishing time” into 

consideration for minimizing the response time and energy. We 
simulate our algorithm using Cloud-Analyst and show that our 
algorithm outperforms the existing algorithms for load balancing. 

 
Keywords: Cloud computing, load balancing, multi-agent 

genetic algorithm, virtual machine. 

I. INTRODUCTION 

In the modern world, cloud computing [1] is a widely used 
platform that makes the real-time information exchanging 
feasible through the Internet network with legitimate support 
of virtualization techniques. The emergence of cloud 
computing platform make computing resources like water and 
electricity and used by ordinary users, and there is no doubt 
that this technology will bring huge benefits to the majority of 
enterprises. Now, many companies have launched 
commercial cloud computing platform, such as Amazon Web 
Services (AWS) Elastic Computation EC2, Google Cloud 
App Engine, Microsoft Azure, etc [2] [3] [4]. Cloud 
computing provides services to the users with a 
well-organized physical resources, platforms and software 
applications via the Internet network. The Cloud computing 
can be defined in two ways (i) location based (ii) based on the 
services offered. A cloud can be public, private, hybrid or 
community based on the location. It is mainly categorized as 
Infrastructure, Platform, or Software as Services based on the 
services. The monitoring of the quality of services is required 
to satisfy the user demands and for managing the service level 
management. The cloud may put forth various issues and 
challenges during the process such as load balancing, 
performance analysis and modeling, throughput and response 
time, security and privacy issues, resource management, and 
quality of service.  
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In cloud computing platform, computing nodes often result in 
the need to migrate the virtual machine deployed on the failed 
node because of overload or accidental  failure, witch in order 
to ensure the reliability of the entire cloud platform runs. In 
cloud computing, how to perform live migration of virtual 
machines quickly and effectively, making cloud computing 
platform obtain higher high resource utilization, while 
ensuring the reliability of cloud platforms, it is a hot and 
difficult point of current cloud computing research [5]. 
Currently, the main challenges in the cloud is load balancing 
that prevents overloading or underloading of the VMs in the 
cloud during the task computation. It enables the equal 
distribution of the workload on the present resources. It also 
helps in reducing the task response time and provides an 
increase in the resource utilization, which facilitates the high 
system performance at reasonable cost. It also helps in the 
ensuring the flexible and scalable applications to handle the 
increased size, more resources, and to provide high priority to 
jobs that really need instant execution in the future. In this 
work, we propose an efficient use-priority based multi-agent 
genetic algorithm for load balancing in the cloud 
environments. 

II. LOAD BALANCING 

    Load balancing is crucial for optimized use of cloud 
resources such as processors, memory and disks and to 
achieve good performance of the machines. The virtual 
machines (VMs) that are hosted on the physical machines 
assigns and utilizes the resources. During the scheduling on 
VMs, it may be the case that few VMs are overloaded with the 
workload, while others are underutilized. That is why, the 
load balancing techniques are used for ensuring the equal task 
allotment to each machine in the cloud data center at any point 
of time. 
   For an improved performance and the best resource 
utilization, a superior load balancing technique is 
indispensable for the allocation of the computation load to 
available resources. The various metrics used for the load 
balancing techniques are described below. 
 Performance: It measures the system effectiveness for 

validating the load balancing technique with others. 
 Response time (RT): Time required to fulfill the      

submitted  request on the system. 
 Throughput: The amount of submitted tasks fulfilled per 

unit time. 
 Scalability: Capability of the system to perform the uniform 

load balancing with the rise in the number of nodes. 
 Fault tolerance (FT): The ability of load balancer to 

perform in case of any broken node. 
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 Migration time (MT): It represents the total time required 
to transmit a request from an overloaded machine to an 
underutilized machine. 

 Resource use: It quantifies the use of resources in the cloud 
system to make sure that all resources are properly used. 
More the resource utilization, the minimum the overall cost 
and the energy expenditure. 

 Degree of Imbalance: It represents the variation between 
the virtual machines. 

 Make span: It represents the total time required to allocate 
the resources to the users. 

 
LOAD BALANCING MODEL: A load balancer is required 
for task allocate to virtual machines based on QoS 
requirements in order to manage the requests of users for the 
present resources [24].  
The large variation in user requests in the cloud necessitate 
the dynamic environment to perform the tasks. For every 
request from the user base to the cloud, based on the 
availability of resources, a service broker discusses the 
performance and cost of resources with other brokers. 
The user request is transferred to the selected data center by 
the broker after analyzing the available resources, where the 
Data Center Controller (DCN) does the further processing. 
The requests received by the data center consists of physical 
resources/machines are transferred to the load balancer 
present on the server, which does the work of distributing the 
corresponding tasks to the VMs to be executed.  
The availability of VMs from the state table is then returned 
by the load balancer and updation is done in the state table 
after the allocation during this process. The DCN positions 
the tasks in a queue and waits for resource availability if there 
is no free VM available.  
The load balancer allote the VM to another task if the present 
task is completed. All the VMs in the data center on the 
physical servers are controlled by a manager named VM 
manager. The allotment of an appropriate VM to the tasks is 
done by the load manager.  
It also guarantees that there is no overloading or underloading 
on the VMs, which would result in the declination of the 
performance of Qos and the system. It can further have the 
drastic effect of users abandoning the services. The sharing of 
physical resources among the VMs is made possible by the 
virtualization.  
The growth in the resource consumption and the availability, 
the minimization of the response time should be ensured by a 
load manager. The load manager workflow is described in the 
Figure 1. 

III. RELATED WORK 

One of the major goals of cloud computing is to allocate the 
computing tasks across a large number of distributed 
computers (virtual machines). Hu et al. [6] proposed a  

 
 

 
Fig. 1 Load Balancing Model 

Scheduling strategy, based on GA, for VM load balancing in 
the cloud environment. It resulted in an improvement in the 
overall system availability and reliability. The analysis of the 
various features of the cloud computing was done by Gong et 
al. [7]. The various applications of virtualization technology 
stemming from the virtual host was also done by them. An Ant 
Colony Optimization algorithm was proposed by Li et al. [9] 
for load balancing addressing the distribution of the load 
across the system and minimizing the makespan. Its 

performance was at par with the FCFS algorithms. Another 
load balancing, min-min scheduling algorithm, was proposed 
by Chen et al. [10] that aimed at improving the resource 
utilization and reducing the makespan. But the deadlines with 
respect to cost and the execution time were not prioritized in 
their work. Bokhari [18] described how the load balancing 
algorithms are created with the goal of spreading the load on 
processors equally and maximizing their resource utilization 
while reducing the task execution time. Makasarwala et al. 
[19] also uses genetic algorithm for load balancing by 
considering the priority of request based on their time for 
population initialization. Rajput et al. [20] proposed Load 
Balanced Min-Min (ILBMM) algorithm, which uses genetic 
algorithm to minimize the makespan and increasing the 
resource utilization. Liu et al. [21]’s improved genetic 

algorithm by improving the selection and crossover operators 
in the genetic process yields a better optimization accuracy  
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compared to the traditional algorithms such as FIFO, Round 
Robing scheduling algorithm, and genetic algorithm for load 
balancing on virtual machines (VMs). Xiaoqing et al. [22] 
proposed a virtual machine (VM) resource provision genetic 
algorithm based on load balance, called LB-GA. It provided a 
balance of resource allocation, and fewer virtual machine 
migration amount. Kong et al. [26] proposed a fast heuristic 
algorithm based on the zero imbalance approach that 
minimizes the difference of completion time among 
heterogeneous VMs (without using the priority methods) or 
complex scheduling decision which are often subject the 
heuristic algorithms in the corresponding cloud 
configurations. Their algorithm provided better performance 
metrics compared to the existing heuristic algorithms. Due to 
the implied parallelism and the intelligence, genetic 
algorithm, a evolutionary computation, have attracted the 
many researches [13]. The researchers have widely applied 
GA to solve resources scheduling problem in non-linear, 
large-scale cluster systems. GA has yielded good results [14]. 
Multi-agent genetic algorithms (MAGA) has also been 
applied to solve load balancing problem, and MAGA [10] is 
manifested with self-interaction, self-updation and 
self-learning. 

IV. GENETIC ALGORITHM 

Genetic algorithms (GA) [12] are inspired by Darwin’s theory 

of evolution. GA starts with a set of solutions (represented by 
chromosomes), called a initial population. A new population 
is created by taking the solutions from one population. It is 
assumed that the newly created population will be preferable 
compared to the old one. The solutions are then selected to 
form new solutions (offspring) based on the fitness i.e. the 
more fit the population is, the more are its chances to 
reproduce. This entire process is repeated till some condition 
(e.g. the convergence of the population) is achieved. 
The genetic algorithm Pseudocode is as follows. 
   1) Randomly generate the initial population 
   2) Compute fitness of the population 
   3) While the population has not converged 
       a) Selection of parents from population based on fitness   
            score 
       b) Crossover and generate new population based on  
            crossover rate 
       c) Mutation on new population based on mutation  
           probability 
       d) Compute fitness 
Though the genetic algorithms use randomness while 
generating initial population and during crossover and 
mutation, they are not completely random i.e. it differ from 
the random search that it tends to favor the most fitted 
individuals in a population. The hyper-parameters such as 
crossover rate and mutation probability highly affect the 
performance of the genetic algorithm. The brute force search 
of optimal parameters is feasible for smaller search space, 
otherwise tuning methods such as Taguchi experimental 
design method can be used. 

 
 

 

 

Fig. 2 Agent Grid 

V. MULTI-AGENT GENETIC ALGORITHM 

In MAGA [13], every individual GA is treated as an agent. 
The agent interacts with the environment or with other agents, 
and the objective is to achieve the global optima. The agent 
uses the methods such as self-learning, local perception, 
collaboration and competition to obtain the global optima. 
The MAGA is implemented in a quite different way compared 
to GA. It is mainly manifested using the self-learning among 
individuals, the collaboration and the interaction. Unlike GA, 
the manipulations on individual are also done by MAGA. The 
agents are a part of the agent-grid environment where they 
senses, changes and affects the environment autonomously as 
shown in the Figure 2. 
  The genetic operators included in MAGA are: self-learning 
operator, mutation operator, and the neighbourhood 
competition and orthogonal crossover operators. 
COMPARISON BETWEEN GA AND  MAGA. We 
distinguish GA with MAGA operations in Table I. 

Table.I. The Operator Difference 

Steps MAGA GA 

Individual Isomerous Isomorphic 

Information 
interaction 

method 

Obtained four 
neighborhood 

information, and 
selfupdating 

After selection, 
through crossover 

operation 

Genetic operator 

Neighborhood 
competition, Orthogonal 

crossover, mutation, 
self-learning 

Selection, 
Crossover, 
Mutation 

Evolution Evolve with purpose 
Evolve without 

purpose 

Competition 
Interaction with 
neighborhood 

Roulette selection 

Self-learning No No 
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VI. THE PROPOSED MODEL OF LOAD 

BALANCING 

We balance the load among all virtual machines on the 
requests sent by users on the basis of CPU memory exhausted 
in each and every minute of an hour. We specify each user 
with the following parameters: 

 Requests per hour per user  
 Requests sent by each user 
 Requests executed per CPU 
 Memory consumed in execution of request 
 Requests sent per minute 

Based on the requests sent by a large number of users, we 
grouped them into several groups of small number of users. 
One virtual machine is allocated each of the groups. We also 
specify the groups in similar way as each user is specified. 
FITNESS FUNCTION. We define the fitness function as the 
difference between loads of each host and system average 
load, which is given by 

 

 
Where 

 be the 

overall load on j-th host.  represents the load of i-th VM of 
the j-th host. denotes the memory load of i-th VM of the 
j-th host. denotes the CPU load of i-th VM of the j-th 
host.  represents the average load 

of all the hosts and is given by , 

where N be the number of the physical resources of host. The 
memory load of a  virtual machine is given by 

 and  is the available memory, 

and  ,   are constants. The CPU load of a ith virtual 

machine is given by , Where, , 

are constants, and  is the available CPU memory before 

executing the tasks. 

VII. USER-PRIORITY AND EARLIEST FINISHING 

TIME AWARED LOAD BALANCING BASED ON 

MULTI-AGENT GENETIC ALGORITHM 

Here, we describe our algorithm which take care of the 
priority of user’s requests and earliest finishing time of the 
tasks reached at the cloud centre for services. The fine details 
of the algorithms are as follows: 
1) 1st, all the tasks divided into 2 groups G1 and G2. The 

group G1 is assigned to the tasks of VIP users which 
required the service to be addressed at higher priority. The 
group G2 is assigned to the tasks of ordinary users which 
require the service to be addressed at lower priority. 

2) For all submitted tasks in each group G1 or G2: 
a) Sort the job-requests by non-decreasing finished time. 

b) Generate Q2 agents randomly, and initiate , and then 

update the  (best optimal agent among 

), where we assume that . 

c) For each agent, execute the neighbourhood competition 
operator in t-th generation network Qt, and then obtain 

. 

d) If the condition  is satisfied, where  be the 
probability of the neighbourhood orthogonal crossover 
operator, then apply the neighbourhood crossover operator 

into each agent in  Note that  

and are the agent networks generated in the middle 
of Qt and Qt+1. 

e) If the condition  is satisfied, where  be 
the probability of the neighborhood mutation operator, then 
apply neighborhood mutation operator into each agent in 

, and then achieves . 

f) Determine the from  and apply the 

self-learning operator into  

g) If then assume 

 ; otherwise  , 

 
h) If the termination conditions are satisfied, then output 

 and terminate; otherwise set  , and then 
resume step 2(c). 

VIII. RESULTS AND ANALYSIS 

We simulate our experiments using the CloudAnalyst [17] 
for the analysis of our results. The CloudAnalyst is developed 
by CloudSim [16], a GUI based simulation tool. The 
CloudAnalyst provides a modeler, which helps in repeatedly 
executing simulations and conducting a series of simulation 
experiments. The main features of CloudAnalyst are: 

 A user interface in graphical mode shown in Figure 3 
 Support of repeated experiments 
 High level of flexibility and configurability 
 Output in graphical mode. 

 

 
 

FIG.3 CLOUD ANALYST GUI 

A. Experimental Setup 

We consider various scenarios for the simulation step: 
multiple data center (DC) configurations with variable 
number of VMs (CC1: two DC each with 20 VMs,  
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CC2: two DC each with 40 VMs, CC3: DCs with 75 VMs, 
CC4: DCs with 20, 40, and 75 VMs). We also chose different 
number of tasks with varying number of average peak users of 
both type: VIP and ordinary users, and VIP resource 
allocation to ensure heterogeneity of cloud environment as 
shown in Table II. 

Table II. Vip And Ordinary Users Configurations With 
Varying Task And Resource Allotment 

No. of Tasks 100 200 400 
Proportion of VIP tasks 40% 50% 30% 
Proportion of VIP 
resourses 

35% 30% 35% 

We show the experimental results by comparing the average 
response time (in ms) for our work and basic MAGA for load 
balancing in Table III. The same results are plotted in Figure 
4. 

Table III. Average Rt Of Basic Maga And Our Work 
In Different Cloud Configurations 

Cloud 
Config. 

DC specifications RT using 
MAGA 
[10] 

RT using 
our 
Method  

CC1 Each with 20 VMs 350.55 350.15 
CC2 Each with 40 VMs 348.08 348.01 
CC3 Each with 75 VMs 345.12 344.52 
CC4 Each with 20, 40, and 

75 VMs 
345.02 344.15 

 
Under all configurations mentioned, our proposed user 
priority multi-agent load balancing genetic algorithm 
outperforms the basic multi-agent genetic algorithm yielding 
a better response time. 
 

 
 

Fig. 4 Comparison of Performance Difference 

The percentage decrease in average response time of our 
algorithm over basic MAGA is plotted for different cloud 
configurations in the Figure 5. 
 

 

Fig. 5 Percentage decrease in RT of our work over basic 
MAGA 

We also compare our algorithm’s performance results with 
other algorithms using cloud configuration CC1, having two 
data centers each with 20 VMs, in Table IV. We used 20 tasks 
for each algorithm with 80%-20% VIP to ordinary user ratio, 
and allotted 10 resources to each. The various metrics such as 
average performance, average response time, average 
resource utilization, and makespan shows the better 
performance of our algorithm over others. As evident from 
the table, our algorithm improves the average resource 
utilization by 4%, and average performance by 5%; at the 
same time, it reduces the makespan time, and average 
response time by a significant margin. The graphical 
comparison of average response time and makespan 
(represented in absolute values) between our algorithm and 
others is done in Figure 6, and that of average performance, 
average resource utilization, and average throughput 
(represented in percentage) is done in Figure 7. 

Table IV Performance Results 

Scheduling 
Algorithms 

LBIMM 
[10] 

LBGA 
[11] 

MAGA 
[8] 

Our 
Work 

Number of 
Tasks 

20 20 20 20 

Proportion of 
VIP tasks 

80% 80% 80% 80% 

Number of 
Resourses 

10 10 10 10 

Average 
performance 

87% 88% 90% 95% 

Average 
Response time 

359.10 358.20 351.55 350.15 

Average 
Resource 
Utilization 

85.70% 86.10% 88.20% 92.09% 

Makespan 15.04 14.10 13.02 12.56 
Average 
Throughput 

86% 85% 88% 90% 
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Fig. 6 Performance Results I 

 

Fig. 7 Performance Results II 

From the charts in Figures 6 and 7, we can clearly found that 
after our proposed method, the entire implemented system 
achieves efficient load balancing, with fairly handling the 
user’s requests and providing the best makespan time 

utilization of resources. 

IX. CONCLUSION AND FUTURE WORK 

In this work, we proposed a new user-priority and earliest 
finishing-time load balancing algorithm based on multiagent 
genetic algorithm. Our algorithm was evaluated using a 
simulation program CloudAnalyst. The experimental results 
show that under all possible configurations and scenarios, our 
algorithm outperforms the existing approaches in minimizing 
makespan time, significantly improving the average 
throughput performance and resources load balancing on 
virtual machines. This work also additionally prove that 
multi-agent genetic algorithm is more appropriate than basic 
genetic algorithm to handle high-dimensional function 
optimization problems. Improving our genetic algorithm or 
applying to other feasible scenarios can be possible future 
research works for fair load balancing in clouding computing 
environments. Many other scheduling algorithms can be 
further devised based on multi-agent genetic algorithms. 
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