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Abstract 
 

Cloud Computing offers on-demand computing resources to the end-users 

through service-orientated technologies. The user workloads are executed in 

a number of high-end servers located in various prime locations. Extensive 

utilization of datacenter resources produces an alarming rate of carbon 

emission into the environment. In the IaaS cloud, the user workloads or 

applications execute in the virtual machines. Efficient allocation of virtual 

machines improves resource utilization in a datacenter and reduces carbon 

footprints. The goal of the proposed work is to allocate the virtual machine 

into the physical server efficiently to avoid resource wastage. In our 

approach, the native firefly algorithm is modified to adapt the virtual 

machine placement problem in a discrete manner. The Modified Firefly 

Algorithm for Virtual Machine Placement (MFA-VMP) is implemented and 

compared with the existing PSO algorithm and Genetic Algorithm proved its 

superiority. 
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1 Introduction 
 

Cloud Computing is most used computing model of the decade where 

unexpected institutional and organizational workloads are offloaded to a 

remote infrastructure for processing. Cloud computing portal offers with 

frontends to rapidly provision the resources in demand. The resources are 

provisioned without service provider’s interventions. The users are billed 

periodically for only the resources they used. During the inception of 

information technology era to host a website or an enterprise application the 

organization has to setup their own infrastructure starting from superstructure 

to the servers. This includes lot of initial cost and responsibilities. More 

number of manpower is need for the physical and to ensure attacks of the 

bay. Even everything is set in place, but the entire infrastructure is not used 

in the beginning which leads to maximum amount resource wastage in the in-

house infrastructure. Virtualization the enabler for cloud computing is 

implemented in x86 architecture during early 2006. This helps to share the 

unused server resources to other tenant outside the organization. This gave 

rise to cloud computing model. Amazon Web Service is the pioneer in the 

field of cloud computing begins its commercial service offering in the year 

2006. Cloud services are majorly classified into SaaS, PaaS and IaaS. IaaS 

cloud model give the user with maximum configurability that includes the 

selection of virtual machines types, operating system, virtual networks, and a 

region to launch the virtual machine. The core execution environment of the 

IaaS cloud is the virtual machine. The virtual machine is a bundled operating 

system package that execute on top of the hypervisor. The hypervisor favours 

multiple execution of virtual machine in the same physical server. The server 

is virtualized in the beginning to host multiple operating system. 
During the recent years there is an increasing concern of resource 

utilization in cloud computing in environmental perceptive. Releasing more 

amount greenhouse gases such as of carbon dioxide, nitrous oxide, and 

methane increase the environmental temperate and make lives of many living 

things unsustainable. Climate change, global warming, water acidification, 

ozone depletion, floods are some of the adverse effects of releasing 

greenhouse gases into the environment. The amount of energy consumed by 

a cloud data center is roughly equivalent to the power utilized by 10,000 

households per day. At present most of the power is generated using non-

renewable energy like fossil fuels or from nuclear power plants. The amount 

of work done to produce the electricity emits greater amount of greenhouse 

gases into the environment. It is also estimated that by the year 2030 the ICT 

infrastructure will consume as equivalent to 10% of world electricity 

demand. 

Sooner or later the fossil fuel depletes and non-renewable cannot 

accommodate such as huge electricity demand.  In such cases we also need to 

concentrate on efficient usage of data center resource. The main contribution 

of our proposed work comprises of  

1. Mathematical model to calculate the resource wastage in IaaS cloud 

environment. 

2. Estimating the resource wastage in a data center. 
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3. Modified firefly algorithm for VMP to minimize the resource wastage 

and number of servers used. 
 The problem of virtual machine is placement is equivalent to the bin 

packing problem considering the VMs are the items and the bin is the 

physical server. We need to pack the virtual machine as close as possible in 

the server such that the waste is minimal. In literature it is proved 

mathematically that the VMP problem is NP-Hard problem. An NP- Hard 

problem can be solved either using deterministic or no deterministic 

algorithm. A deterministic algorithm works well for smaller problem 

instance, when considering a  

large problem instance the non-deterministic algorithm performs better than 

the deterministic algorithm. The deterministic algorithm works based on 

predefined set of rules. The non-deterministic algorithm uses random 

components in the algorithm to efficiently navigate the search process to 

achieve an efficient result. Non-deterministic algorithms are majorly 

classified into heuristic algorithm and meta-heuristic algorithms. Heuristic 

algorithms are designed specific to the problem whereas the meta-heuristic 

algorithm is applied on various problems provided with a well-designed 

objective function. Considering the meta-heuristic algorithm as a black box, 

the inputs to the algorithms are the objective function and the applicable 

datasets. As it is proved as NP-Hard problem over the iteration the result can 

be improved but proving it as a best solution is impossible. The organization 

of the paper is as follows: The Section 2 presents the literature survey, 

Section 3 outlines the VMP problem detail, Section 4 presents the proposed 

algorithm and Section 5 presents the comparative results. 

 
2 Literature Survey 
 

This section describes in detail about the recent work considered in cloud 

computing specifically towards minimizing the resource wastage. In [1] the 

author proposed Ant Colony Algorithm (ACO) to reduce the resource 

wastage considering the power consumption of the data center. The data 

centers are considered as a food sources and the VMs are considered as the 

ants. The mapping of ants (VMs) to the food source (server) is efficiently 

carried in this research work. Even though it is efficient, ACO [12] is based 

on heuristics. The working of this algorithm will differ based on the problem 

we take in hand. In [2] presented a multi objective optimization algorithm 

considering genetic algorithm coding schemes. The VMP problem can be 

natively solved using genetic algorithm without major changes to the actual 

algorithm. The virtual machine identifiers are generated in random and 

mapped to the servers. In this research they real encoding rather than using 

binary encoding schemes. Partially mapped crossover [3] is used generate 

new population. Interchanging several VMs are considered in mutation. In 

[4,8] the author has compared a set of the bio inspired algorithm with 

resource wastage metrics of cloud data centers. The problem is constructed to 

find the solution for minimization problems in considering resource wastage, 

power consumption and network delay. When a virtual machine is placed in  
 



 

 

 

remote data center, accessing the virtual machine possess a delay in 

milliseconds. The author has considered the delay to place the VM in nearest 

data centers. In the proposed work [5, 9], the author has adopted the particle 

swarm optimization algorithm to reduce the resource wastage in data center. 

They have developed a new coding scheme to represent the virtual machine, 

since PSO algorithm works only with continues values. In this coding 

scheme is operators are redefined to work with discrete values. In [6,10], the 

author has proposed to reduce the resource wastage in Hybrid PaaS 

environment by adopting an PSO algorithm [11]. In PaaS platform the 

subscription model differs but the workload executed in the same physical 

server where the IaaS cloud workload are hosted. It is needed to find a trade 

between the effective resource utilization between the IaaS and PaaS cloud 

[13]. This research work focused on such aspect. It is evident that many of 

the problem in cloud computing as solved using nondeterministic algorithms 

like heuristics and bio-inspired algorithms. 
                            

3 Problem Formulation  
 

 In our proposed work we formulated the VMP problem as minimization 

problem. The well-constructed objective function is given in the below 

equation. Since the computing resources like CPU and RAM must exist 

together the objective function is constructed in a combined equation. The 

reason behind this is a virtual machine cannot execute using the RAM from 

 Server1 and CPU from Server2. 
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The above objective function is adapted from the work cited in [15]. The 

equation takes the input of virtual machine configuration in percentages of 

CPU and RAM. The datacenter may contain many number servers and 

virtual machine. For experimental purpose the number of virtual machines is 

restricted to maximum of          The data set considered for the 

proposed covers three kinds of virtual machine namely Memory intensive 

VMs, CPU intensive VMs and Equally balanced VMs. 

The virtual machine placement problem is illustrated in the image above 

with an assumption that the datacenter has 2 physical machines       and 

     . The capacity of the machine are denoted as    {       } and 

the resource capacity of the physical machine are denoted as     
{       } and     {       } respectively. The resource capacity 

needed for each virtual machine are     {     },     {     },  
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    {     },     {     }. The     is memory intensive virtual 

machine and         and     are equally balanced VMs. The     placed 

in     is denoted as      . The     and      is schedule to execute in 

    denoted as       and       because the     don’t have the enough 

resources to accommodate the request. This kind of scheduling left unused of 

residual space in the physical machine. This is the resource wastage 

considering the placement of VM in cloud data centres. The notations used in 

this research paper is given in Table 1. 
 

Table 1 Notations used and Description 

 

Notations Description 

   A Boolean variable 

to denotes a     is 

powered on or off. 

M The number of 

physical machines. 

N The number of 

virtual machines. 

   The resource wastage 

of the    . 

     The total amount of 

CPU available for 

VM hosting in PMi 

         The VMj placed in 

PMi  

     The CPU demand of 

VMj 

     The total amount of 

RAM available for 

VM hosting in PMi 

Rm,j The RAM demand of 

VMj. 

  Negligible values 

used to avoid divide 

by zero error. 

 
The dataset is generated statistically using the algorithm proposed in 

[15]. The generated datasets are equivalent to the Memory intensive VMs, 

CPU intensive VMs and Equally balanced VMs. An illustration of the dataset 

is depicted in the below diagram. The type of the dataset denotes that 

majority of virtual falling to particular category. The dataset may also have 

equally distributed VMs. For example, out of 200VM most in the illustration 

1 most of the VMs are in memory intensive category hence we named 

memory intensive VM dataset. 
 



 

 

 

 

 

Figure 1 An illustration of VMP in 2 servers with 4 VM. Out of 4 virtual machines, 

2 of them are scheduled in PM1 and remaining 2 are scheduled in PM2.  

 

 

Figure 2 The distribution of data points. Each point in the graph represents VM 

resource request in terms of CPU (x-axis) and RAM (y-axis).  

 

The VM3 and VM4 cannot be accommodated in PM1 due to resource 

unavailability. The resource wastage is mentioned in red colour block for individual 

PMs which is given in Figure 1. The red correlation line controls the distribution of 

the data points to achieve memory intensive, equally distributed and CPU intensive 

VMs. In each datasets, 200 data points are considered which is given in Figure 2. 

 

                

4 Methodology 
 

In our proposed methodology we adapt the firefly algorithm in order to 

work with the discrete values. The proposed algorithm will find an optimal 

placement strategy minimizing the CPU resource wastage. The inputs 

(resource requirement) are considered as the present position of the fireflies  
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and updation is carried out using the equation mentioned in equation 2. The 

native version of Firefly Algorithm (FA) [14] was proposed by Xin-She -  

Yang in the year 2010. Since then, the variation of the algorithms are used 

widely in solving minimization or maximization problem. The FA is bio 

inspired algorithm where the algorithm is derived from the behaviour the 

winged insect that emits pulsating light in the dark. The light emission is 

called as bioluminescent. But till today, the reason for emitting the pulsating 

lights is unknown. Without the loss of generality, we assume that firefly 

emits the light to attract a mating partner. The light behaves following 

inverse square law states that as the distance   increases, the light intensity 

decreases . For example, consider a well-lit candle placed at a point at 

person moves far away from the candle, the intensity of the light the 

person can observe is comparatively less and even more the distance 

increases the light intensity become zero.So, the light source is always 

visible to only to a limited distance.  

The FA works based on the three-core concept outlined below. 

1. All the fireflies are considered as unisex. Any firefly can attract to 

other   fireflies within its visibility irrespective of their sex. 

2. If there exist two firefly emitting pulsating light, the remaining 

firefly will attract to the one with higher light intensity.  

3. Brightness of a firefly is associated with objective function. For a 

minimization problem the firefly with lowest fitness values is 

considered as brightest firefly, all the remaining firefly are directed 

towards the brightest one for better search efficiency. 

The distance between firefly   and firefly   are denoted with     is 

calculated using Euclidean distance. The ability of the space to absorb the 

light is denoted with  . For example, if the space is coved with fog or smoke, 

then the intensity of light absorption is more compared to a normal space. 

The intensity of absorption is denoted as  . Each firefly emits different 

intensity of light it is denoted with    the initial light emission.   denoted the 

rate of attraction that a firefly should move towards the brightest firefly. 

Considering all the concepts the new position of the firefly is calculated using 

the below equation.  

 

           
     

 

(     )   (     
 

 
)              (2) 

 
 The algorithm adopted for the VMP is shown in the above. The algorithm 

will execute for       times. Each time a firefly         is compared with 

        and the iteration tries to find out an improvement if any lesser 

performed firefly founds. At last the       firefly will have optimized value 

stored in it. The algorithm is explained in Table 2. 

 

 

 

 

 

 



 

 

 

 

 

 

Table 2. Firefly Algorithm 

Algorithm 1: Firefly Algorithm for VMP 

Inputs: Number of     (   ), CPU and RAM of 

Individual VM (         ), Objective function     , Number 

of Fireflies  , Number of Iteration      , Global best 

       . 

Initialize the   firefly population using the permutation 

function. 

Evaluate the initial firefly population using the objective 

function. 

Update the global best value                   . 
for 1 to       
   for i=1 to  : 

      for j=1 to   

         if (               ) 

            Try updating the position of    using the equation 

     

            Evaluate the      using the objective function      
            if                     
               Update the    with      

               if (             ) 

                  Update the global best 

      end for 

   end for 

end for 

Output:       

                                 

5 Experimental Result 
 

The table 1 shows the comparison between the proposed algorithm and 

Genetic and PSO algorithm. In all the three dataset the proposed algorithm 

performs better than the existing one. The proposed algorithm is 

implemented using Mat lab R2019B running Intel core i3 processor. The 

experiment is made to run for 30 independent executions and the results are 

tabulated in the below table. The results are analysed in terms of minimal 

values, maximum value, average and values, maximum value, average and 

standard deviations. In all the 4 parameters the proposed MFA-VMP 

algorithm shows better performance which is given in Table 3.  

The proposed algorithm is tested with three data as explained in the 

section 3. In comparison with the Genetic algorithm and Particle Swarm 

Optimization algorithm, firefly gives better results. It is observer that in all 

the 30 iterations the firefly algorithm finds best minimization result. The 

MFA algorithm also performs good in convergence towards the minimal 

value compared to other two algorithms and outputs are given in Figure 3.  
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Table 3 Comparison between the proposed algorithm and Genetic and PSO    

algorithm 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Memory Intensive VMs Equally Balanced VMs CPU Intensive VMs 

Runs GA PSO MFA GA PSO MFA GA PSO MFA 

1 7.0615 5.6034 3.5001 5.9798 4.797 4.7495 3.078 2.4283 1.9375 

2 7.0945 5.9152 4.4206 4.8723 4.4466 5.3036 2.9641 2.5107 2.4481 

3 7.2236 5.5033 4.0161 5.2456 4.4508 4.1672 2.6482 2.2815 2.2029 

4 6.6649 5.117 3.7684 4.8356 5.0579 4.867 2.8592 2.1621 2.1191 

5 7.467 6.3798 4.7307 5.1947 5.4932 4.0985 2.963 2.5934 2.1455 

6 6.8526 5.2446 4.505 5.0528 4.8665 3.5811 2.7724 2.2603 1.8624 

7 5.8643 5.2987 3.8439 5.0821 4.7253 3.4157 2.7966 2.5426 1.6105 

8 6.2421 5.6051 4.6238 5.2371 4.456 3.4142 2.8477 2.3656 1.6648 

9 5.644 4.1541 4.1019 6.4436 4.744 3.5344 2.7295 2.3722 1.8378 

10 6.7848 5.838 4.9001 5.6704 4.2666 3.8397 2.5758 2.7604 1.6594 

11 5.3071 6.3301 4.0875 5.195 5.6309 3.4937 2.9863 2.1978 2.1518 

12 5.9754 5.0588 4.637 4.9436 4.4126 4.6529 2.3752 2.2701 1.9116 

13 8.3676 5.6294 4.0821 5.4447 3.5499 3.828 2.7185 2.4333 2.1854 

14 6.6209 5.0429 5.1513 5.7856 5.5503 4.4544 2.8141 2.0261 2.0586 

15 5.6258 5.2883 4.9653 4.6322 4.1853 4.3203 2.8547 2.229 1.8022 

16 6.2306 5.8903 5.4415 5.4249 4.7751 3.9798 2.6455 2.5828 1.875 

17 5.498 4.3358 4.4654 5.8213 4.8858 4.4341 2.3797 2.3072 1.7631 

18 6.2912 5.1006 5.1608 5.6681 4.9556 3.2174 2.4565 2.8235 1.8629 

19 6.5532 4.7793 3.4459 5.2694 4.8913 4.128 2.549 2.5268 2.2396 

20 5.3724 4.7636 3.9929 4.6155 4.5767 4.4617 3.0444 2.4807 2.2747 

21 5.4676 5.1125 3.0467 5.4604 4.8782 3.7163 2.6253 2.1937 2.1963 

22 5.7932 5.0748 3.5651 5.2733 4.834 3.4967 2.5839 2.203 2.3633 

23 7.4116 4.5433 3.9866 4.9062 4.6743 4.3418 2.5559 2.579 2.0349 

24 6.677 5.5411 4.5388 5.7429 5.1388 3.9665 2.9884 2.3903 1.7724 

25 7.4908 5.2977 3.7948 5.6766 3.826 4.0319 2.9482 1.8818 2.0215 

26 6.3104 5.0594 4.0106 4.9206 4.3559 4.1462 2.2439 2.3122 1.8139 

27 5.9385 5.5238 4.4276 5.8111 4.2049 4.0553 2.4289 2.4247 2.3336 

28 6.1038 4.5811 4.8661 6.5733 4.9827 4.1691 3.1196 2.6706 2.1073 

29 6.0127 5.4148 3.2672 5.2843 4.1024 3.6051 3.0228 2.2528 2.2575 

30 6.3921 5.156 4.2213 4.9891 4.6924 4.0948 2.4534 2.3618 1.7642 

Min 5.3071 4.1541 3.0467 4.6155 3.5499 3.2174 2.2439 1.8818 1.6105 

Max 8.3676 6.3798 5.4415 6.5733 5.6309 5.3036 3.1196 2.8235 2.4481 

S.De

v 

0.73938 0.523 0.5923 0.4795 0.4692 0.4838 0.2396 0.2068 0.2303 

Avg 6.41131 5.2728 4.2522 5.3684 4.6802 4.0521 2.7343 2.3808 2.0093 



 

 

 

 

 

 

 

 
Fig 3. Comparison between the proposed algorithm and Existing algorithm 

 
6 Conclusion 

 

In our research we proposed a discrete firefly algorithm to reduce the 

resource wastage in IaaS cloud platform. We have constructed a 

mathematical model to calculate the resource wastage. The objective 

function well adopted with firefly algorithm in minimization perspective.  
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The algorithm is compared in terms of minimum value, maximum value, 

standard deviation and average. Firefly algorithm excel in all the mentioned 

criteria. Considering the minimum values, firefly algorithm finds 40% better 

result than GA and 25% better result than PSO algorithm. The maximum 

value of firefly algorithm is almost equivalent to minimum values Genetic 

Algorithm. In comparing the graph, Firefly algorithm step by step moving 

towards the minimal value and PSO works completely in random fashion for 

the given data set. In our future we link extend our work reducing the power 

consumption in a datacenter using the proposed firefly algorithm. 
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