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Abstract: This research work discusses the methodology for 

cloud workloads prediction and simulation for developing a load 

balancing algorithm. The main goal of the methodology is to 

develop an efficient load balancing algorithm which would 

require less processing power. In-order to enhance load 

balancing, these following parameters should incorporated, 

namely,  determining  as well as comparing the load and efficiency 

of the system, connection between the nodes, transmission nature 

and obtaining the proper nodes. Therefore. to enhance the 

performance of the load balancing, a firefly based algorithm was 

developed. The proposed algorithm main task is to increase the 

utilization of resource among cloud servers, thereby enhancing 

performance of the cloud servers by proper load balancing.    

Index Terms: Firefly algorithm, Cloud computing, Load 

balancing, Global Optimization   

I. INTRODUCTION 

  The concept behind the Artificial Intelligence (AI) is the 

inspiration from the nature. In the past, the intelligence 

program is completely based on the survival of the fittest and 

the idea of evolution. Most inspiration is behind the colonies 

that could be found in the nature through the ants, swarm, 

bees, and immune system of our body as well as most other 

natural progress including the metallurgy[1]. The behaviour 

of the swarm has raised a technique named the particle swarm 

optimization and the firefly algorithm has been developed by 

the behaviour of fireflies[2]. Our main work involves in 

comparing these both algorithms and put them into test to 

know the best that could be suited and get the best work. To 

known about these algorithms, experiments should be 

conducted that could involve the use of these algorithms in 

the large scale application[3]. One of the applications could 

include the detection of the emission source from the large 

area that could be either chemical or biological sources 

identified by various sensors fitted around the environment. 

Sensors in the real-time application could have a huge 

amount of noises and error and these data should be gathered 
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and simulated [4]. On putting this experiment into 

consultation it is identified that the firefly algorithm works 

well when compared to the particle swarm optimization in 

small scale. Firefly algorithms work well with the noisy 

sensors. But in the large scale application, though the firefly 

algorithm works with the extreme speed, the results are not 

better.  

 

II. GLOBAL OPTIMIZATION 

 

   Heuristic is a search technique that makes us to have the 

next possible move but it could be either good or not good. It 

is not guaranteed for the optimal solution to be obtained but it 

is a key to speed AI. Although heuristic could yield the best 

solution based on the technique, it could considerably break 

in certain strategies for the large complex problems. If certain 

application requires large processing time or if a fitting 

solution is acceptable in which the obtained heuristic solution 

is near to the optimized solution then this approach could be 

suitable[5].      

 

 
 

Figure 1 : Michalewicz’s function of two dimensions 

 

The figure 1 shows the Michalewicz’s function, with two 

parameters. The parameters have been represented as the 

dimensions in the graph where on the other hand, the function 

output serves as the third dimension. There could be any 

number of dimensions for the objective function. To make 

the visualization process easy we could adapt 2-D version 

rather than using any D-dimension problem with the larger D. 

For every parameter, a certain range could be bounded to 

them[6]. 
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III. PROPOSED ALGORITHM 

In-order to enhance load balancing, these following 

parameters should incorporated, namely,  determining  as 

well as comparing the load and efficiency of the system, 

connection between the nodes, transmission nature and 

obtaining the proper nodes. Therefore. to enhance the 

performance of the load balancing, a firefly based algorithm 

was developed. The proposed algorithm main task is to 

increase the utilization of resource among cloud servers, 

thereby enhancing performance of the cloud servers by 

proper load balancing[7].    

 

A. Firefly Algorithm  

In order to go on with the algorithm, the fireflies are placed 

in various locations initially[7]. The objective function that 

has the value of the parameters is related to the position and 

location of the firefly. In the 3-D environment it will be detect 

the firefly’s positions for the function of 3 variables. But the 

visualization becomes tough once the function of variables 

increase beyond 10. The evaluation of the objective function 

could be done by detecting the firefly’s current position and 

their light intensity could be detected by their inverse 

evaluation[8]. Their main goal of inverse their intensity is to 

minimize the objective functions. This leads to the higher 

intensity from the minimum evaluation function. In the figure 

2 , the demonstration is done with the 12 fireflies in the 2-D 

sphere function problem. The origin (0,0) is the global 

minimum of this problem. The functional value will be 

higher once it is far away from the origin that has been shown 

through the contour lines on the graph[9]. 

 
 

Figure 2 : Firefly algorithm within the 2 dimensional 

sphere function problem for 12 fireflies 

 

The fireflies are being compared with each other and they 

tend to move towards the brighter firefly that has been 

detected as shown in figure 2. Several happening will take 

place once the firefly tends to move towards their brighter 

one. 1) The distance among the fireflies should be 

determined. At certain cases Cartesian distance calculation is 

adapted but in some cases any form of distance calculation 

could be adopted[10].  

 

 
Figure 3: The vector representation for the updated 

position of the Firefly 

 

Once the entire fireflies moves towards the brighter set, the 

objective function should be updated towards their new 

positions as shown 3 . The new estimation should be 

compared with the old one and it should be verified whether 

the new position is better than the old set. In this way, if a 

firefly goes through a position that seems to be good than any 

other detected locations, but for whatever cause it or any 

other firefly does not end up there by the last iteration of the 

algorithm, that best location is still noted[11]. The update is 

done for the specified firefly after the re-evaluation and the 

algorithm moves to the succeeding fireflies (each at a time). 

An example for the sphere function after a complete 

generation has been shown in the figure 4.  

 

 
 

Figure 4: After one iteration 

It is noticed that after 5 successful generations there is no 

firefly left in the sphere in the search space that is shown in 

the figure 5. It also shows the fireflies that have been 

clustered in the origin[12].  
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Figure 5:  After five iterations 

 

Proposed algorithm for load balancing: 

function f(x), x(x1,…,xd)T  

Produce initial population of fireflies xi (i = 1,2,…,n)  

Light intensity Ii at xi si obtained by f(xi)   

while (t< Max_Generation)  

fori = 1: n all n fireflies  

forj = 1: i all n fireflies  

if (Ij>Ii), transfer firefly i to j in d-dimension; 

 end if Attractiveness differs with distance r via exp [-r]  

Check solutions and refresh light intensity  

end for j  

end for i  

Rank the fireflies and find the current best  

end while  

 

The proposed firefly algorithm for load balancing first 

schedule the nodes and then scheduling process initiates, The 

process of scheduling is allocated to a group of nodes 

consisting of minimum amount of load possession[13]. The 

nodes with less minimum amount of load balancing are 

selected for extra process by the cloud network. The virtual 

machine with more than two servers and every server posses 

three nodes and the scheduling process collects the attributes 

of each nodes[14]. Population generation , scheduling index 

calculation and least node selector generates the scheduling 

technique. The population generation is determined by the set 

of nodes based on the users request to each server. The server 

gathers the node and it is mapped based on the nodes and 

their processing time is scheduled and then a scheduled list is 

generated[15]. The initial population represents the 

scheduling list.   The server which receives the request, 

determines the unused nodes among all the nodes and as soon 

as the free node is determined, it gets mapped on the schedule 

list  and the unused free node on top element of the queue by 

processing the cloud user request. The schedule list is created 

by the virtual machine by each complete cycle on processing 

time and its availability.  The processing in the firefly 

algorithms are applied  in  this  particular  population  to  

generate  an effective  scheduling  strategy  for  the  cloud  

system  by giving priority to load balancing[16][17]. Since 

our proposed algorithm involves reassigning users at every 

iteration and a main component of the objective function is 

the total system load, we will consider how the total system 

load changes when a user u is moved from server i to server j.  

A soon as the user b is transferred from server s to another 

server e and modification in load for servers s and e, but 

server is still the same. The servers load will be s+1 will be:    

• The fresh load in server s is:  

Ts(w + 1) = Ts(w) −   ∑ AulXts(w)                     eqn (1) 

• The fresh load in server e is:  

Te(w + 1) = Te(w) +    ∑ AulXls(w)                   eqn (2) 

• The load in any server T = s,  e does not change:  

Tw(t + 1) = Ts(w)                                             eqn (3) 

• Accordingly, the fresh total system load is:  

T(w + 1) = T(w) + ∑ Aul(Xls(w) −Xl e(w))           eqn (4) 

 

The primary statement in (1) is true since the double sum 

depicts the load that user b received on server s because of the 

interconnection with other users in other servers.  

IV. EVALUATION AND RESULTS 

The use of CloudSim simulator in this research work  is 

justified because the simulator allows developers to focus on 

the design issues specific to a particular system, without 

concerns over the cloud-based infrastructure and services.  

According to Calheiros et al., the CloudSim toolkit can 

perform both system and behaviour modelling of cloud 

components like virtual machines, data centers, and policies 

for resource provisioning. In particular, simulation of the 

cloud computing environments can provide insights into the 

performance of cloud components. The main advantages of 

cloud simulations are, improved flexibility in application 

configurations, ease of use and enhanced customization, as 

well as the cost savings achieved by reusing the models 

created during the design phase. CloudSim provides a robust 

tool for simulating datacenters because the toolkit provides 

the basic classes for defining datacenters.  

The first step for load balancing is to find and define a 

reliable method of prediction.  

 

Methodology Step 1: Instruments of Prediction  

The first step of the methodology is to prove that whether 

Cicada and Choero extension can generate reliable prediction 

data. Choero is a network measurement extension to Cicada 

which allows users to perform network measurement without 

access to the network infrastructure.  

Workload prediction of a cloud demands a highly efficient 

tool that can predict workload of a cloud network within a 

few minutes and can be compatible with Cicada. This paper 

presents a network measurement extension to Cicada called 

Choreo. This network measurement tool estimates TCP 

throughput by simply analyzing packet trains. In this paper, 

data collected from hypothetical deployed networks will be 

used to simulate CloudSim. To demonstrate that Cicada can 

detect whether its predictions are reliable and can generate an 

alert in case if the prediction is unreliable.  
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The following literature will describe the fundamental of 

Cicada and Choero extension. According to the research, 

state-of-the-art Cicada’s workload prediction algorithm has 

success rate up to 90% for static placement because for 

workload prediction, Cicada load balances applications 

traffic by measuring both spatial and temporal variations of 

every application. Cicada is capable of workload prediction 

for different type and class of cloud applications and can 

provide a reliable feedback indicating whether the prediction 

is incorrect or the prediction is reliable saving users from 

uncertainty. Cicada is capable of improving the average 

completion time of application from 8% to 14% per cent in 

some cases up to 61%. All these improvements are achieved 

without any modifications of network infrastructure. Cicada 

predictions for networks less than 5 virtual machines  are  

unreliable.  To  eliminate  the  possibility  of  any  unreliable  

predictions networks with more than 15 VMs will be 

considered for predictions and any with less  than 15 will not 

be considered. In the data sample of this paper, a minimum of 

20 virtual machines will be used for each host machines. 

Another research paper objects the  reliability of Cicada and 

suggests that Cicada predictions can be unreliable during the 

peak hours. In all cases, Cicada can provide a reliable 

feedback of its own predictions and detect whether or not its 

predictions are reliable. The conditions mentioned above 

address the first research question. It is important to 

understand that Cicada predictions focus on individual pairs, 

which require VM-to-VM traffic matrices in the cloud 

infrastructure. It is expected that this type of data from IaaS 

clouds might provide rich applications compared to data 

centers or other cloud computing environments.  The dataset 

(sFlow) will be collected from a hypothetical data gathered 

from Cicada predicted data. The dataset collection process 

requires sFlow-enabled network switches to gather 

datagrams that come with the information such as the source 

and destination IPs, sample timestamp, and MAC address. 

The data collection process entails three primary steps:  

1. The sFlow-enabled switches send the samples to a 

centralized server. 

2. The centralized server collects sample information such as 

the source and destination IPs, timestamp, and 

transferred bytes. 

3. 3.The database stores sample aggregate data  

 

Methodology Step 2: Sample Data 

The second step of the methodology the gathering of 

sufficient workload data get enrage a simulation in CloudSim 

and different data of real parallel workloads however, due to 

the fact that the mentioned data demands a massive and a 

complicated simulation, in this, a hypothetical set of small 

data will be used for CloudSim to generate a feasible 

algorithm for workload balancing. The hypothetical data 

consists of a predicted amount of workload gathered by 

Cicada.  

Methodology Step 3: Importation of sample data  

The 3rd step of the methodology is to import sample data 

into CloudSim. This can be achieved by exporting the data 

into a file and later that file can be imported by CloudSim 

simulator. All predictions of Cicada and Choero can be 

exported into a .swf file. At the end of the prediction, that file 

can be imported into CloudSim.  

Methodology Step 4: Instrument for simulation  

The 4th step of the methodology is to simulate the data in 

the CloudSim simulator. In this paper,  CloudSim will be 

used to predict and simulate the network. Generally, 

CloudSim refers to a set of simulation tools that can assess 

the performance of cloud services within a controllable or a 

rule-based environment. The simulation toolkit provides 

classes for describing users, applications, computational 

purposes, resources management, and data centers in order to 

facilitate the management and utilization of these 

components. That is, CloudSim provides a system and a 

behaviour modelling cloud computing environments. The 

simulation of cloud environments and applications can 

facilitate the evaluation of performance in dynamic and 

distributed environments. The main advantages of simulation 

include enhanced flexibility in terms of defining cloud 

configurations, ease of customization, and the cost savings 

that come with customized simulations. The CloudSim 

framework is a layered architecture comprising of three 

layers of components. 

 The lowest layer comprises of the SimJava simulation 

engine, which implements the core functionalities for 

enabling simulation of queuing and processing of events and 

enabling creation and communication among system 

components. The next layer is the GridSim layer, which 

consists of a toolkit for modelling Grid networks and 

components. This layer comprises of two sets of components: 

grid services such as datasets, grid information service, 

resource allocation, workload traces, and core elements such 

as resources, traffic generator and the network. The next layer 

is the CloudSim, which extends the functionalities of the 

GridSim layer. The CloudSim enables the modelling and 

simulation functions in virtualized cloud environments. It 

also manages the execution of the core entities such as 

Virtual Machines (VM), applications, data centers and hosts 

during simulation. The CloudSim layer comprises user 

interface structures, VM  services, cloud services, and cloud 

resources. The top layer is the User Code layer, a simulation 

stack supporting the configuration of hosts, VMs, and 

applications.  

 

 
 

Figure 6: Result of graph node allocation 
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Figure 7: Convergence rate of proposed algorithm 

 

 Figure 7 presents  convergence of rate the global function 

objective value. The steady region are depicted in the local 

optimal values. The global objective function reveals the 

local point which posses greater value and optimization 

process occurs in the system.   

 
Figure 8:  Chart of Final CPU Waiting Time after 

adding 5 host machines. 

 

If no previous simulation data were to be found then 

proposed algorithm would run its own simulation to 

workload balance if there was no previous predictions, 

random algorithm is used temporary for load balancing while 

CloudSim runs a simulation to find the optimal amount of 

resource allocation for the workload as shown in figure 8. 

The objectives of this work are three-fold: to investigate 

under what conditions to use Cicada for predicting  

workloads in dynamic Internet hosting platforms, to 

determine the conditions to use CloudSIM for reliable 

workload simulation, and to identify the challenges of firefly 

based algorithm for load balancing for Internet-based 

platforms compared to Cicada predictions. The methodology 

envisaged in this work entails three phases: workload 

prediction using Cicada, simulation using CloudSIM 

framework, and the development of a space-shared algorithm 

for dynamic workload balancing in cloud environments. The 

final objective is to reduce cloud resource assignment for a 

specific workload while reducing the waiting time of servers 

V. CONCLUSION 

In this research paper, we introduced the Load balancing 

employing firefly algorithm. The proposed algorithm focus 

on balancing the loads in a cloud network.  The load 

balancing is developed from the firefly algorithm since it 

posses several advantages.  The simulation envisaged in this 

research work utilizes CloudSim simulation tool, a 

generalized framework that allows a controllable 

environment for the simulation and modelling of application 

performance (Cloud Computing and Distributed Systems 

(Clouds) Laboratory).  
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