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Abstract: During the last decade, the growth of big data is 
immeasurable in information technology. Big data has the 
potential to take all the decisions necessary for a company or 
business. But it has many challenges as well. As its size and 
volume are immeasurably ample it is a very challenging task to 
store, process and mines it. At the same time as a boon to it cloud 
computing has a large capacity to store this big data and 
provides tremendous processing power. It is a challenging task 
to process large amount of data frequently in the big-data cloud 
center through the thousands of interconnected servers. Due to 
the day by day growth of the big-data, big-data cloud center is 
forced to improve its Quality of Service (QoS) metrics like 
throughput, latency and response time. Hence, to develop an 
optimal data processing optimization method is a current 
research problem that has to be solved. The major intention of 
this paper is to develop an application that provides maximum 
throughput, minimum latency and reduce the response time. 
Toward this, we have developed an optimization technique using 
nature-inspired firefly optimization algorithm and k-means 
clustering (FA-KMeans). The developed optimization method 
has been evaluated with state of art algorithms. Its experimental 
result elucidates that our proposed method provides good 
throughput, reduces latency and response time. 
 

Keywords: Cloud computing, Multi Cloud, Firefly 
Optimization, Big-data, Big-Data Cloud Centre.  

I. INTRODUCTION 

Big data is a structured, unstructured and semi-structured 

huge voluminous data [1]. It goes on growing unaccountably. 
Its data size is growing from exabytes to zettabytes. For 
example, Facebook manages photos of 40 billion users a day 
[2]. The Walmart process one million customer transaction 
every hour. Moreover, all these are saved in a cloud memory. 
Its size is almost 2.5 petabytes. Also, 65000 billion photos are 
uploaded to Instagram every minutes, likewise per minute 
videos which cloud be played for 500 hours are uploaded to 
YouTube. In Google one billion searches are made and 294 
billion emails are send every day.   
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By 2020 the number of smartphone users will reach 6.1 
billion likewise Internet of Things (connected devices) will be 
around 26 billion. Its data cannot be stored in the architecture 
of the current database management system. So, this big data 
with growing nature produces new challenges day by day. 
These challenges are reflected in store, processing and data 
visualization. Meanwhile, the cloud computing provides 
infrastructure storage and processing power needed for the 
big data. The architecture of cloud computing has been so 
designed as to suit big data. 

The real scenario of cloud computing is an architecture 
composed of a group of powerful interconnected servers. 
These servers are located in different locations. Moreover, 
these locations are at different ranges. This architecture as a 
virtual resource is used to store and process different data. Its 
architecture is shown in fig 1.  

 

Fig1 Architecture of multi cloud environment. 

There are three services in cloud computing [3][4][5]. They 
are infrastructure as a service (IAAS), platform as a service 
(PAAS) and software as a service (SAAS). 

IAAS is a service model. It delivers infrastructure as a 
service to the end-user on demand. Generally, IAAS provides 
data Centre space, storage and hardware services. 

 SAAS is a software delivery and software licensing model. 
This software is provided to the cloud service user on a 
subscription basis on demand. 

PAAS is a service provided as per the user demand. It 
includes Apache, Windows azure, beanstalk etc.  

All those hardware and software services are virtualized 
and provided to the end-users as services.  Its service and 
applications of service are described in fig 2.  
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Still due to the enormous growth of the big data this cloud 
computing services face a variety of challenges. 

 
Fig2 Architecture of cloud services and applications. 

 
When this cloud system is used for big data huge 

processing power is required for data processing. For the 
same, we unite groups of notes, process it and obtain enough 
processing power. Big data cloud centers consist of the 
following characteristics as huge transmission volume, high 
transmission frequency and hard transmission deadline. 
Hence, process scheduling is an indispensable issue in cloud 
computing. In order to avoid these nodes with less load and 
those at the shortest distance are identified and thereby the 
Quality of Service(QoS) metrics [6][7]: throughput and 
latency can be improved and decreased respectively. In the 
literature review, these research-related different algorithms 
have been reviewed. But with regard to the big data, it is a 
mandatory research problem that the performance of cloud 
computing should be improved. For the same, we have 
applied the nature-inspired firefly algorithms in the paper. 

In this paper are dealt with in the following section is noted 
hereunder. Through the literature review, we have explained 
the already developed research papers in section II. In section 
III we have explained the proposed method and newly 
developed optimization algorithm. In section IV we have 
evaluated the experimental framework and implementation 
result. Finally, this paper has been concluded.      

II.  LITERATURE REVIEW 

To improve cloud computing efficiency and give a better 
QOS many researchers have already proposed various 
scheduling algorithms. All these already proposed algorithms 
are meant only for performing the load balancing of cloud 
computing. In the existing methods, nothing has been notified 
about the balancing and optimization of big data cloud centre. 

In 2015 Kumar Nishant et al[8], developed a modified Ant 
colony optimization for cloud and grid computing. In this 
approach instead of the own result updated by the ant, it is 
updated continuously as a single result set. This algorithm has 
been implemented using Java programming language. In 
2015 a cloud load balancing strategy was developed by 

Wei-Tao [9] Wen et al using ant colony optimization 
algorithm for load balancing strategy. This is an optimization 
algorithm based on a new distributed virtual machine 
migration strategy. In this, the local migration agent 
automatically monitors resource utilization. During this 
monitoring section previous and current unnecessary 
migration. Moreover, it adopts two different types of 
traversing strategies for ants. It is used to find out the 
near-optimal virtual machine. To perform this experiment 
cloud SIM has been utilized. 

In 2015 Jeng-Shyang Pan et al [10] proposed a load 
balancing system for cloud computing based on interaction 
artificial bee colony optimization algorithm. To simulate this, 
cloud SIM tools have been used. Using cloud SIM tools a 
various number of virtual machines have been created and 
experiments conducted. In 2017 Jing Yao et al [11] developed 
a modified artificial bee colony optimization method for load 
balancing in cloud computing. This improved method 
optimizes the amount of nectar to reach maximum throughput. 

In 2012 Zhanghui Liu et al [12] proposed PSO based task 
scheduling for load balancing in cloud computing. In this 
algorithm, the standard PSO has been improved. Moreover to 
classify fitness value a single mutation mechanism and a 
self-adapting intra weight method have been introduced. To 
simulate this optimization process Matlab has been used and 
to evaluate the experiment already developed PSO algorithm 
has been applied. In 2016 Jigna Acharya et al [13] proposed a 
particle swarm optimization based load balancing method for 
cloud computing. This proposed algorithm is to minimize the 
makespan. Cloudsim 3.0.2 Tool kit is used to develop the 
experimental framework. 

A. Limitations in the already existing methods: 

 The authors concentrate only on improving the response 
time without taking any step towards reducing the 
processing cost. 

 
 ACO Algorithm allocates the pre-defined tasks. Hence 

when the tasks higher than those are allocated are formed 
problem arises. 

 
 The major limitation of the active monitoring load 

balancing algorithm arises when the hardware 
configuration changes.    

III. PROPOSED METHOD 

A. Firefly Algorithm 

This firefly algorithm was developed by Xin-She Yang in 
2007 and 2008 at Cambridge University [14][15]. This 
algorithm is based on behavior and flashing patterns of the 
firefly. In algorithm 1 its pseudo-code has been explained.  

B. Characteristics of the firefly algorithm   

 Firefly ‘X’ is attracted by the other firefly’s. The 

firefly with less brightness is attracted by the one 
with more brightness.  
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As the distance between these two fireflies 
increases their brightness level goes on 
decreasing. 
 

  If a firefly is not brighter its movement will be 
random. 

 
 The brightest firefly has random movement 

capability. The brightness of the firefly denotes 
the fitness function. 

 
 The firefly with high brightness denotes high fitness 

function.  
 

Algorithm 1 The pseudo-code of Firefly algorithm. 

 

 

C. Proposed Method  

In cloud computing environment n number of a virtual 
machine are there. We denote the as V={V1,V2,…….Vn). 
These virtual machines are powerful computers. Its graphical 
view is explained in fig3. These virtual machines are 
interconnected with one another. The processing cost of the 
virtual machine is calculated by using the following formula. 
We denote it as PC. 

 
Fig3 graphical view of VM in Big Data Cloud 

Architecture. 
 

PC= +   (1) 
 

 =Denotes the CPU utilization of VM. 
 =Denotes the memory utilization of VM. 
 = Denotes the bandwidth utilization of VM. 

 
 
Random generations of Fireflies: Random location is 
created for all the virtual machines. This location denotes the 
location of actual virtual machine. 
 
Calculating the fitness function: The fitness function 
calculated by using the formula 1. The brightness of the firefly 
is assigned based on the calculated processing cost.  
 
Updating the location of the firefly: Based on the 
brightness level of the firefly each firefly is compared. Two 
fireflies with less light intensity are by the one with bright 
intensity. These three processes are repeated as many 
iterations.  
 

 
 

Fig 4 Process flow of proposed method 
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By this, its location goes on changing the number of times. At 
the end of every cycle, the firefly with the best light intensity 
(Best virtual machine) is selected and updated. At the end of 
each iteration each virtual machine information is stored in a 
hash table. There will be two values in the stored information: 
Its index value and its processing cast. This will be finally 
classified by using k-means crusting. K means clustering will 
classify the virtual machine in to different group based on 
processing cost. From this group of virtual machine can be 
easily found out for big-data data processing. Fig 4 show the 
process flow of the proposed method. 

IV. EXPERIMENTAL ANALYSIS  

In this section, the experiment of our proposed algorithm 
has been explained in detail. Moreover, the proposed method 
has been evaluated with state of art algorithms and their 
results have been compared. The proposed process 
scheduling method is implemented through cloud SIM and 
JAVA. Cloud SIM has the capability to create resources 
allocation and virtualized environment for developers. 

The QOS is an important factor of cloud service provider. 
When cloud service providers provide a service to the cloud 
users the service level agreement is done. When this 
agreement is violated the cloud service providers lose their 
reliability and incur penalty. Hence, QOS management is an 
important factor of cloud management. In this experiment we 
have used three important QoS metrics: response time, 
throughput and latency. We include every metrics as six 
stages for the experiment. First, we provide 20 tasks to the 
virtual machines and evaluate its response time, throughput 
and latency. Next, we go on increasing the task as 40, 60, 80, 
100, 120 and 140 and evaluated their response time, 
throughput and latency and tabulate them. 

Response time: It denotes the times that the cloud service 
provider responds to cloud service user. It is measured as 
millisecond.   

 
Throughput: It denotes how much of time is required to 

process a data. It is measured in MBPS. 
 
Latency: It denotes the time required to submit a packet and 

its reaches the destination. 
 
We have evaluated the proposed method with the three 

state of art algorithms, reviewed in this literature survey. They 
are Particle Swarm Optimization Based Load Balancing 
(PSO), Artificial Bee Colony (ABC) and Ant Colony 
Optimization (ACO). In this performance analysis we have 
used three important metrics of QOS. 

  
Table1 performance comparison by response times 

Number of tasks FA-KMeans PSO[8] ABC[11
] 

ACO[12] 

20  21.8 30.2  32.1  34  
40 22.1 31.3  33  35  
80 23.4 32.5  33.7  37.2  
100 23.9 33.9  33.9  39.2  
120 24.2  34  34.1  41.2  
140 25.1 34.2  34.8  42  

 

 
Fig 5 Response Time chart 

 
In table.1 has been tabulated the different response times of 
our proposed method and of the already existing methods. 
Fig.5 has explained the response time variation of the 
proposed method and the already existing methods. From this 
it is elucidated that our proposed FA-KMeans method is faster 
than the already existing methods. 
 

Table2 performance comparison by Throughput 
Number of 
tasks 

FA-KMeans PSO[8] ABC[1
1] 

ACO[12] 

20  390  240  290  220  
40 382  232  280  217  
80 381  236  277  213  
100 375  231  262  209  
120 371  231  255  205  
140 362  228  250  201  

 
Fig 6 Throughput chart 

 
Table.2 and fig.6 explain the throughput details of the already 
existing method and our proposed method. Our proposed 
method provides better throughput than the already existing 
methods. 
 

Table3 performance comparison by latency 
Number of tasks FA-KMeans PSO[8] ABC[11

] 
ACO[12] 

20  31.3 52  70  44.2  
40 32.8 57  73  44.6  
80 33.1 62  78  44.9 
100 33.5 64  84  45.6 
120 34.5  67  85  46.6 
140 35.7 72  90  47.1 
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Fig7 Latency chart 

 
Table.3 and Fig.7 shows the average latency of our proposed 
method and the already existing methods. The experimental 
results shows that our FA-KMeans based optimization 
method provides better latency than the already existing 
methods. 

V. CONCLUSION 

Nowadays various companies depend on big data to improve 
their business. Due to the characters of big data: Huge volume 
and heterogeneity it is a complicated task to process and get 
the necessary information. Cloud computing gives the entire 
infrastructure and the processing power to big data. Still, it is 
not able to give the quality of service to cloud users. In this 
paper using nature-inspired firefly algorithm and k-means 
clustering best virtual machines are selected form the cloud 
architecture to process big data. This proposed method 
reduces cloud QoS violations multiple times. It is evaluated 
with the state of art methods. For this experiment, three QoS 
metrics were used: throughput, latency and response time. 
The response time of FA-KMeans is in the range of 23.42 
milliseconds when this value is compared with the values of 
the already existing methods it is very low. Moreover, average 
throughput is about 376.8 MBPS and latency is around 33.5 
milliseconds. Experimental results show that the proposed 
method reduces latency, response time and improve 
throughput multiple times. 
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