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Abstract: Cloud computing is treated as one of the efficient 

paradigm for distributed computing. Due to the vast development 

in the internet world, scheduling of resources on cloud computing 

makes the issues. Load balancing over a virtual machines place a 

major role in efficient scheduling. In this paper, we propose a 

mechanism for load balancing among virtual machines by using 

a nature inspired approach called as honey bee foraging 

(LB-HBF). The task and virtual machine allocation mechanism 

which is used inside this LB-HBF is equal time allocation policy. 

This policy works efficiently for allocating the tasks to the virtual 

machines and reducing the task migrations over virtual 

machines. The experimental results showed the effectiveness of 

LB-HBF. 

Key words: load balancing, tasks, virtual machines, honey bee, 

resource management. 

I. INTRODUCTION 

Cloud computing is treated as one of the advanced 

development in distributed computing, it is developed for the 

business rather than academic which shifts its focus towards 

user applications [1].These cloud computing offers 

virtualized, distributed and elastic resources as services to 

the end users. It has a great edge to support full realization of 

“computing as a service” in future. The cloud provides the 

privileges to the users to use the computing power of the 

services by renting policy. These processesare carried on 

virtualization concept, where it can have hundreds and 

thousands of virtual machines (VMs) which can provide 

services to the users. Manually resource allocation is not 

possible in a cloud environment, so we rely on virtualization 

concept. 

One of the major issues related to virtualization is load 

balancing. The major studies are carried out in the field of 

load balancing problem, but still cloud computing makes it 

an interesting topic and many research projects are under 

way [2]. This is due to the typical nature of cloud computing 

and the characteristics of the problem itself. The classical 

load balancing algorithms can be applied only for 

homogeneous and dedicated resources, cannot work well for 

the cloud computing [3]. Cloud computing has a lot of 

special characteristics, like heterogeneity, dynamicity and 

autonomy, which are not possible to apply classic load 

balancing algorithms directly to the cloud computing. 

Load balancing is defined as the process of distributing the 

tasks equally over the computing resources in the data 
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centers to improve the performance in cloud computing. The 

essential objective of the load balancing can be dependent on 

the user or the service provider, defined by: 

• The objective of the user is to reduce the makespan of 

its own application, regardless of the other applications in the 

system. 

• The objective the service provider is to speed up the 

task completion time and effective utilization of available 

resources. 

A realistic approach to dynamic load balancing is to divide 

the problem into following four policies. 

1) Calculation of load: some estimation of VMs load must 

be provided to first calculate the load imbalance exists. 

Estimation of workloads includes with individual tasks must 

be maintained to identify which task should migrate for 

balance the computation. 

2) Initiation of load balance: once the loads of all VMs are 

calculated, if there is any imbalance is detected. Then the 

cost of the load imbalance exceeds the cost of load balance, 

and then load balancing is initiated. 

3) Selection of task: the tasks are selected to transfer from 

one VM to another VM based on the information provided 

by the above steps. 

4) Migration of tasks: after selecting the tasks, transfer of 

tasks is initiated from one VM to another VM. Algorithm 

correctness must be maintained in the above steps. 

In this paper, we propose a nature inspired approach based 

on honey bee load balancing algorithm for the allocation of 

tasks to the virtual machines in the context of federated 

clouds [4].  Our model suggests the hypothetical colony 

whose foragersfollowstheforagingbehaviour of honey bees 

for load balancing of VMs in cloud computing. We find that 

the model is suitable for the allocation of tasks among VMs. 

The rest of the paper is organized as follows. Section 2 

deals with the previous work which carried over. Section 3 

deals with the problem formulation and section 4 deals with 

the load balancing mechanism which includes equal 

allocation policy among VMs. Section 5 deals with analysis 

of simulation environment and finally concludes the results 

in section 6. 

II. RELATED WORK 

In [5] the graph algorithm is used to solve the load 

balancing issues for resource allocation. However, the 

algorithm doesn’t address the minimization of cost,i.e., the  
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cost handled at the load redistribution, which can take 

more time than the actual time consumed for the 

computation.Some study [6] proposed latency algorithms to 

reduce the migration cost for computation of internal data 

and taking the advantage of reducing the data in 

communication. But this type of algorithms needs some type 

of parallel applications to compute the data processing and 

migration. 

In [7], it introduces the master slave load balancing to 

optimize the data distribution and migration using the linear 

programming algorithm. But this algorithm only deals with 

static load balancing. In [8], it proposed an optimal data 

migration algorithm for dynamic load balancing based on the 

calculation of Lagrange multiplier for the Euclidean form of 

the transferred weight. But it works only on homogeneous 

environment and it does not work on heterogeneous 

networks. 

 The objective of the load balancing is to balance the 

computational tasks over the virtual machines. The 

balancing of computation tasks to minimize the execution 

time is called makespan. Moreover, makespan minimization 

problem is common in distributed systems; we commonly 

called as NP-complete [16][17]. In regards this, 

minimization of makespan is not only the task of load 

balancing, but also it has to deal with the communication 

cost and load redistribution is also a major issue. 

Some of the works related to load balancing in cloud 

computing based on bio inspired approaches. In [9] a random 

key genetic algorithm is applied for hybrid cloud services. 

Other works [10], [11] uses nature inspired approaches for 

submitting the tasks in grid computing. 

III. PROBLEM FORMULATION 

The cloud computing environment associated with the 

thousands of tasks which are submitted by the users. 

Thesetasks are divided and assigned to the specific data 

centers where it has to be computed. The data centers are 

associated with the number of VMs to execute the tasks 

which are allocated by the resource broker. The variables 

which are used in this model is shown in table 1. 

Table 1: variables used in this model 

variables Definitions 

ϑx No. of tasks executing at the virtual 

machines 

η Total no. of Active VMs 

δx Rate at which the completion time of each 

task 

φx Waiting time of each task for virtual 

machine 

ωx Average waiting time of tasks for virtual 

machine 

τx Total completion time of tasks at VMs 

Let us assume that nx be the number of tasks executing at 

the VMs, and δx(ϑx)/ϑx is the average executing time for all 

tasks on a VMs in a unit time, is a non-increasing function of 

ϑx, the number tasks allocated to the VM.Here waiting time 

φx is dependent on the nx, but this dependent is in terms of 

some quantity (i.e.The efficiency of the virtual machine) the 

individual task can access. For simplification, we write φx 

rather than φx(ϑx). If any virtual machine is available 

without allocating any task that will be advertised by using 

waggle dance. The average duration for the dance for virtual 

machine x is given as γx, then the probability for allocating 

the task to the virtual machine x is given as γxδx(ϑx), the 

total amount of dancing time for the virtual machine x in a 

fixed period of time, rather than the total  number of dances 

for the virtual machine.Againγx is a function of ϑx, but the 

dependency between γx and ϑx must be measured in terms of 

individual tasks it handles. 

IV. LOAD BALANCING USING HONEY BEE 

FORAGING (LB-HBF) BEHAVIOR 

In this paper, we are going to organize the effective 

allocation of tasks for VMs can be carried by using a 

bio-inspired approach called as honey bee foraging behavior 

(HBF). In this HBF the honey bees are represented in finding 

the food and reaping the food. There is a colony of bees 

which forages for the food resources. After finding the food 

resources the bees make one type of signature dance called as 

waggle dance. They came back to the hive to advertabout the 

food by making waggle dance. Based on the duration of the 

dance, gives the idea about the quantity of food and distance 

from the bee hive. The scout bees follow the foragers to the 

place where the food is available and then began to reap it. 

In the case of load balancing mechanism for cloud 

computing, the demand for virtual machines increases or 

decreases, the services of data centers are assigned 

dynamically based on the changing demands of the users. 

The data centers consist of a group of virtual machines 

having their own virtual machine queues. Each virtual 

machine processes a request from its queue based on the 

profit, which is identical with the quantity of the waggle 

dance showed by bees[18][19]. The measuring of the profit 

can be calculated from the task execution time at virtual 

machine. The dance floor in the case of honey bees is 

identical to the advert board. This board is used for the 

display of whole profit of the colony or group of VMs. Each 

of the virtual machine can take the place of forager or scout. 

The process of allocation of virtual machines based on 

waggle dance is shown in figure 1. 

 
Figure 1:  Load balancing over VMs using HBF 

adapted from [12] 
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Algorithm 1: Virtual Machine Behavior in the HBF 

Begin 

Initialize x μservingQj, post advert probability p, 

 Advert reading probability ri, , completion time τ  

forever 

whileQj != empty do 

serve request 

if task is completed then 

Compute completion time τ; 

adjustri from the queue; 

if Write(p)== TRUE then  post advert; 

if task is completed and read(ri)==TRUE then 

  /* randomly select the Virtual machine or a task */ 

  Select advert (if task) or data center (if virtual machine); 

Read advert id μj (if virtual machine); 

end if; 

end if; 

end while; 

end forever; 

end 

 

The behavior of any virtual machine in the data center is 

controlled by algorithm 1. A virtual machine x μ is a set of 

virtual machines from service request queue Qj will prompt 

the probability p to post the advert board.Also, it will attempt 

with probability ri to read a randomly select advert from 

advertboard if it is a task or a virtual machine. 

4.1 Mathematical model for LB-HBF 

To understand the load balancing approach  in cloud 

computing based on honey bee foraging behavior, we are 

going to develop a mathematical model supports the 

differential equations which models the all allocation 

mechanisms in VMs colony. The differential equations 

approximate our colony model. First, we model the foraging 

activity of virtual machines, second, for a given set of virtual 

machines there is a unique allocation of tasks to which the 

process will converge[20]. The allocation process in the 

cloud is stochastic: it will not follow any single approach for 

an extended period of time.But, it will approach a steady 

state allocation. 

As a first step, we consider all dances at the same quantity, 

i.e., all virtual machines are at equal load in our colony. The 

colony of virtual machines is denoted with μ. When all loads 

are at the same quantity, an allocation and leads to advert for 

virtual machine x at the rate of execution is given as δx (ϑx)  

and so to advert for all VMs at the combined rate of 
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We assume that the number of active VMs is fairly 

constant over a long period of time, hovering about the value 
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To achieve this, the tasks must re-enter into the allocation 

process at the same average rate they are completed from it. 

Thus, tasks re-entering the allocation process at the rate   
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and the new tasks are recruited to virtual machine x at the 

rate which is shown in equation 3. 

Since each task is completed at the rate   

       Then the rate at which the task completion time for 

virtual machine x is given as 

x                 
 (4) 

By combining the equation 3 and 4, we get the differential 

equations about how the allocation process will change with 

time: 
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The model reaches a steady state allocation in which task 

allocation and completion done at the same rate, so the 

number of tasks allocated to each virtual machine remains 

constant  and 
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for each active virtual machine x. 

The total execution time of each task τ at x is given as the 

ratio
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Although the differential equation 5 simplifies the 

allocation process in our colony model, both are simulated 

up to their dynamics. If the total execution time of the task at 

virtual machine x is too large, the average allocation time 

drops. As this rate drop, it reflects on the average advert time 

on the virtual machine and allocates migrates to another 

virtual machine. This means at each virtual machine can 

allocate to the newly arrived task to take the place at a slower 

than average rate[21]. Thus the number of new tasks directed 

to the virtual machine is smaller than the number of tasks 

diverted from it and the number of tasks allocated to the VMs 

declines. The rate of the tasks declines, so, the average 

completion time. Similarly, if the average completion time 

for a virtual machine is too small, the larger the advert time 

for that virtual machine will increase the number of task 

allocations and within the average completion time. 

 The fact, that our allocation method reaches a steady state 

allocation by using differential equation 5. In order to better 

understand this method; we consider the colony after a long 

period of time. In  terms of the differential equation 5 this 

means that the colony tends to a steady state allocation ϑ 

active on a set μ| of virtual machines with x in μ| if and only if 

for small ε>0. 

0
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That is, if and only if the average completion time  
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on virtual machine x with ε tasks is less than the average 

completion time of overall tasks τ.In simple, the advertis the 

same duration and all tasks completed at the same average 

rate irrespective of what virtual machine it is going to be 

visiting. We refer this as the equal time allocation policy. 

Theorem 1: let ϑ be any allocation and ϑ* be the equal time 

allocation. If at each virtual machine x, δx is non-decreasing 

and δx/ϑxis non-increasing, then .2
)(

)(
*




  

Proof of Theorem 1: 

           Consider any task allocation ϑ. Let μ<= be the set 

of virtual machines x for which ϑx<=ϑx* and let μ> be the set 

of virtual machines x for which nx>nx*. then 
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Since δx is non-decreasing. Further let   

be the common average completion time of the active 

virtual machines under the equal time allocation. Since δx/ϑx 

is non-increasing and ϑx*=0 only if  

ε/δx(ε)> for small ε>0, 
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and, by combining equation 8 and 9 gives the result 
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Theorem 1 states that even with complete information 

about the δx, perfect communication ad unlimited power, it 

is the most efficient model and it is not possible to find an 

allocation more than twice as efficient as the equal time 

allocation. 

V. RESULTS EVALUATION  

In this section we deal with the load balancing of virtual 

machines.We developed a simulation environment for a 

honey bee foraging model for load balancing of virtual 

machines and comparison can be done with the omniscient, 

greedy and optimal-static algorithms. The simulation 

environment is tested with a trusted toolkit called as 

cloudsim[13-15]. This simulation environment gives the 

change to design, implement and test the cloud computing 

infrastructure. In this simulation, we have tested the 

algorithms with different low and high loads and calculated 

the makespan of the algorithms. 

 
Figure 2: comparison of makespan before and after 

applying LB-HBF 

Figure 2 illustrates the comparison graph between before 

and after applying LB-HBF, here we observed that execution 

time is improved in case of LB-HBF. In figure 3 we observe 

the improvement in response time in VMs of LB-HBF when 

compared to other three algorithms. 

 
Figure 3: Response Time of VMs in omniscient, 

greedy, optimal-static and LB-HBF 

In Figure 4 it shows the makespan of the four algorithms 

implemented over 100 tasks and the improvement is 

identified in LB-HBF.  

 
Figure 4: Makespan of omniscient, greedy, 

optimal-static and LB-HBF 

 

 
Figure 5: number of task migrations over VMs when 

tasks=20 
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Figure 6: Number of task migrations over VMs when 

tasks=40 

Figures 5 and 6 represent migration of tasks over VMs 

which is tested over 20 and 40 tasks. This will clearly shows 

that the task migrations in LB-HBF is smaller when 

compared to the other three algorithms. 

VI. CONCLUSION 

In this paper, we are concentrate on load balancing of 

tasks using a nature-inspired approach called as honey bee 

foraging(LB-HBF).This mechanism works with the 

principle of honey bees.Here we introduced a new policy for 

allocation called as equal time allocation among tasks and 

virtual machines.This allocation policy decreases the 

migration cost of tasks and improved the efficiency of the 

model.The LB-HBF works well in reducing the load balance 

over VMs, increasing the response time of VMs and 

reducing the makespan. The results shown the efficiency of 

the alagorithm. In future we are planning to investigate the 

different nature inspired approaches over the load balancing 

problem for cloud computing. 
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