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Abstract 
 

Due to faster advancements of processing and storage technologies of the 

Internet, cloud computing (CC) resources become inexpensive, powerful and 

universally accessible. In cloud environment, load balancing and task 

scheduling are the essential problems which openly affect the resource 

utilization. Energy utilization  and  makespan  integrated to  the  resources  

allocated  needs to be considered. Load balancing in CC is considered as an 

NP-hard optimization issue and metaheuristic algorithms can be used to 

resolve it. This paper presents an energy efficient task scheduling technique 

using the hybridization of Pigeon Inspired Algorithm (PIA) with Dragonfly 

Algorithm (DA) called PIADA-TS. The PIA algorithm is incorporated to the 

DA for increasing the convergence rate. The simulation results of the 

PIADA-TS algorithm has been validated interms of execution cost and 

execution time. The obtained outcome exhibited that the PIADA-TS model 

has accomplished effective load balancing over the existing methods. 
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1 Introduction 

Cloud computing (CC) is defined processing model for provisioning and 

providing services through the internet [1]. Here, CC is one of the combined 

paradigms of parallel as well as distributed computing that shares resources 

whenever required. Using the CC and internet service, the user applies the 

predefined resources by time consumption. Virtual machine (VM) is defined 

as an execution unit which is referred as a basis for CC model. Virtualization 

is comprised of development, implementation, and organization of hosting 

platform for diverse application scenarios as well as resources. The VMs in 

CC platform distributes resources such as processing core, system bus, etc. 

The processing sources are accessible for VMs which is restricted by overall 

computational energy. Here, the environment the job arrival description and 

the abilities of VM that differs from one another. Therefore, load balancing is 

considered as a crucial operation of inferior system function and retains the 

reliability. Hence, it is imperative to introduce a model that enhances the 

model's performance by managing the work load over VM. It is also 

composed of load balancing technologies, like round robin, Weighted Round 

Robin (WRR), First Come First Serve (FCFS), Ant Colony optimization 

(ACO) approach, and Throttled technique. The prominently applied 

scheduling models for non-preemptive systems like First In First Out (FIFO) 

[2]. 

Generally, massive works are computed in CC especially in scheduling 

models like, VMs, resource supervision, power management, load balancing 

and so on. Therefore, load balancing is assumed as the significant method 

used by developers as its requirement in CC among the stakeholders’ where 

Cloud Service Provider and Cloud Service Consumer. Honey Bee Behavior 

based load balancing method has been presented where it aspires to obtain an 

effectively stabilize load over VMs to enhance the throughput and to manage 

the preferred task on VM. Under the application of this approach, average 

execution times as well as limitation in waiting time of operations on queue 

have been enhanced. It is operated for heterogeneous kind of models and to 

balance non-preemptive autonomous tasks.  

In [3], the importance of optimization as well as energy limitation in data 

centers for CC and queuing approach for collection of heterogeneous multi-

core servers with diverse size and speed have been defined. Especially, it 

reports the issues of best energy assignment and load balancing for several 

heterogeneous multicore servers over the clouds and data centers. Regardless, 

there is a possible power labeling. The flexibility of cloud structures activates 

an applicable environment for implementing deadline-based workflow fields 

[4]. For mitigating the effect of performance difference in resources of soft 

deadline in the workflow domains, a model that applied idle time of sustained 

resources to duplicate operations is projected. It limits the overall execution 

duration of applications as budget is accessible for replication is enhanced.  
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Static job arrival is developed while overhead contributions of repeated 

implementations as well as run time arrival of jobs are unconsidered.  

―Skewness‖ is defined as a metric which has been applied for calculating 

the randomness of a server with multi-dimensional resource consumption. By 

reducing the skewness, diverse workloads are integrated to enhance the 

complete server application. The vital involvement of this method is that, it 

has deployed a resource allocation system which eliminates overload in a 

system in efficient manner whereas reducing the count of servers applied. It 

has been employed with a load detection method which captures the future 

resource of applications with no VMs. A model captures the evolving 

tendency of resources applying patterns and assists in reducing the position 

churn. QoS attributes like response time of operations have not been defined. 

Fig. 1 shows the load balancing structural design of CC. 

 

 

 
                            Fig. 1.Load balancing architecture in CC 

 

This paper introduces a task scheduling technique using the hybridization 

of Pigeon Inspired Algorithm (PIA) with Dragonfly Algorithm (DA) called 

PIADA-TS. The PIA algorithm is incorporated to the DA for increasing the  
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convergence rate. The simulation results of the PIADA-TS algorithm has 

been validated interms of execution cost and execution time. The obtained 

outcome exhibited that the PIADA-TS model has accomplished effective 

load balancing over the existing methods. 

 

 

2 Literature Review 

In [5], a new improved scheduling in WRR for cloud structure services is 

presented that consider length of jobs as well as resource potentials. It is used 

for reducing the response time by effective application of VMs under the 

application of static and dynamic scheduling processes by finding the job 

length and resource abilities and effective prediction of VMs and eliminating 

the overload of VMs. The multilevel and autonomous tasks are assumed. 

Load balancing in highly load cases for task migration is unconsidered. In 

[6–8], scheduling models are dependent tasks in grid has been presented. 

Effective mapping of DAG relied application is projected by [9, 10]. It is 

based on the list scheduling technology. A non-critical path earliest-finish 

scheduling model is projected by [11, 16]. It implies that a high performance 

could be attained using heterogeneous computing platform. Same types of 

issues defined in [12, 17]. Stochastic hill climbing model has been applied 

for load distribution in CC [13, 18], where soft computing relied technology 

is compared with RR and FCFS. A dynamic workflow scheduling approach 

for grid as well as CC platform is presented [14, 19], which reduces the 

workflow implementation time and minimizes the scheduling work. Genetic 

Algorithm (GA) named as Chaos GA as presented by [15, 20] to resolve the 

scheduling issues by assuming user’s budget and deadline. It generates 

optimal results with limited time period. 

 

 

3 The Proposed PIADA-TS Model 

Fig. 2 depicts the system of the presented load balancing approach. The 

key objective of projected model is to allocate every task to VM according to 

the VM load. The load balancing method is applied to eliminate the events 

from excessively loaded VM and allocates them to VM that contains 

minimum load. The newly deployed technique contains massive data centers 

named as physical machines (PM) and the PM is composed of VM to 

precede the user’s tasks. A user of a cloud contains various amounts of tasks 

for processing on VM. Here, the events are allocated to VM under the 

application of load balancing approach. The projected load balancing 

technique frequently validates the load of VMs in cloud environment. The 

load of VM is based on computational time of every task. As the processing 

time of tasks differs from one other, load of a VM is modified. 
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                  Fig. 2.  Overall Architecture of Presented Model 

 

The goal of the developed model is to allocate the task to VM with the 

application of DAthat reduces the overall implementation time as well as 

expense at the time of balancing load. Here, load is a significant variable for 

scheduling, that is a task of sharing a load over distinct nodes of distributed 

systems to enhance the resource consumption and task response time at the 

time of eliminating a heavy loaded VM whereas nodes are idle with 

minimum events. These problems are resolved using multi-objective-based 

load balancing model with the help of ADA. DA is a metaheuristic approach 

developed by static and dynamic swarming hierarchies of dragonflies in 

nature. Dragonflies swarm has 2 goals: Hunting and migration. For dynamic 

swarm, massive dragonflies swarm at the time of migrating through long 

distances and different places, that is a major cause for exploration phase. For 

static swarm, dragonfly’s travels in massive swarm with closer deployments 

and immediate modifications in flying way, that has been a considerable one 

for exploitation phase. In order to enhance the searching potential and 

eliminate a local optimum, where PIA is a hybrid with DA. 

 

3.1 Initialization 

The populations of dragonflies are initialized in a random way. The 

population is composed of a collection of solutions. The solution is developed 

on the basis of count of user task as well as VM. Firstly, the task is allocated 

to VM in random manner. Followed by, according to the Fitness Function 

(FF) of solutions it is upgraded. The solution length implies the amount of 

tasks and dragonfly refers the available nodes. For sample, the validation of 

all dragonflies could be 1, 2, 3, 4, 5. The sample solution encoding is offered 

in Eq. (1). 
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P_i= {2,4,3,1,5,2,5,3,2,1}                                                        (1) 

 

 

From the given function, it is learned that task 1 would be allocated to 

VM_2, task 2 is declared to VM_4 and task10 is declared to VM_l.  

According to the solution encoding, the population matrix (SM) has been 

produced where component must be 0 or 1. The model depends upon the 

correlation over a task and VM. on off chance where a task j is correlated 

inside VM_l shows  PM(i,j) =1 , or PM(i,j) =0. Therefore, each column 

contains single component for 1, with rest each of 0.  

 

3.2 Fitness Calculation 

Once the solution is generated, it estimates the fitness of all solutions. 

The FF is provided in Eq. (2). 

 

MOF= min [α_1 (ET)+α_2 (EC)+α_3 (1 —Load)]                          (2) 

 

 

3.3 Update Using Dragonfly Algorithm 

In order to upgrade the solution, 5 major aspects are applied such as, 

separation, alignment, cohesion, attraction of food and distraction from 

enemy. Separation is determined by applying Eq. (3). 

 

 

 

     ∑    

 

   

                                                         

 

where X‐ indicates the location of existing individual,〖 X〗_j shows the placer 

of jth nearby individual and N refers the count of nearby individuals. 

Alignment is determined by applying Eq. (4). 
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where V_j means the velocity of jth nearby individual. The cohesion is 

measured using Eq. (5). 

 

   
∑   

 
   

 
                                                          

 

 

 



 
 

 

 

 

 

 

Hybridization of Pigeon Inspired Algorithm with Dragonfly Algorithm for Energy 

Efficient Task Scheduling in Cloud Environment 2614 
 

 

where X represents the place of present individual, N implies count of 

neighborhoods and X_j showcases the place of jth neighbouring individual. 

Attraction towards a food source can be estimated in the following: 

 
                                                                     

 

 

where X denotes the place of present individual, and X^+ represents the 

location of food source. Direction of outward enemy is evaluated using the 

given equation: 

 
                                                                                  

 

 

where X represents the place of present individual, and X^-implies the place 

of enemy. 

 

Once the location is calculated, the velocity vector is determined by the use 

of Eq. (8) 
                                                                    

 

 

where s indicates the separation weight, S_i signifies the separation of ith 

individual, a implies the alignment weight, A_i means the alignment of ith 

individual, c refers the cohesion weight, C_i signifies cohesion of ith 

individual, fmeans the food factor, F_i refers food source of ith individual,e 

showcases the enemy factor, E_i depicts the place of enemy of an ith 

individual, w represents inertia weight, and k indicates the iteration counter. 

Once the step vectors are estimated, the position vector is estimated as given 

below: 
                                                                          

 

where k refers the recent iteration. 

 

 

3.4 Update Using PIA 

 The PIA model is developed from pigeon homing nature relied swarm 

intelligence (SI) optimization method that is composed of various benefits. 

Pigeons are well-known birds in worldwide, and consumed to pass messages 

by Egyptians, and armed forces. Homing pigeons are applicable to find the 

native location using 3 homing primitives such as: 
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 Magnetic field (MF) 

 Sun 

 Landmark 

 

A new bio-centric SI optimizer PIO was developed. It is comprised of a 

map and compass operators that is based on MF and sun, whereas landmark 

depends upon closer shops, malls, popular buildings etc. 

 

Map and Compass Operators 

 

Pigeons are applicable to predict the earth's field using magneto-

reception to build the mapping in the brain. It assumes the height of sun as a 

compass to modify the directions. As it flies to the native place, it is based on 

sun and magnetic elements. For PIO algorithm, implicit pigeons are used. For 

map and compass operators, the strategies are defined with location X_i and 

velocity V_i of pigeon i, and position and velocity in the D-dimension search 

space have been improved for every iterations. 

A new location X_i and velocity V_i of pigeon i at t-th iteration is 

estimated under the application of equation: 

 

                        (          )                                      

                                                                                                          

 

where R refers the map and compass factors, rand means random value, and 

X_g describes a existing global best location, attained when compared to the 

pigeon's location. 

 

Landmark Operator 

 

For landmark operator, higher counts of pigeons are limited by N_p in all 

generations. Therefore, the pigeons are distant from native place, and 

unaware of landmarks. Consider that X_c (t) is a middle portion of pigeon’s 

place at t-th iteration, when all pigeons can fly in direct motion in home 

place. The location enhancing for pigeon i at t-th iteration is depicted as: 
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                   (             )                         

 

 

where fitness() refers the quality of a pigeon. For limited optimization 

problems, then it is elected with               
 

    (     )  
 

 

3.5 Choose Best Solutions 

 

On compared DA and PIA, when DA best fitness value (DA_best ) is 

lower than PIA fitness value (PIA_best ), the optimal location of DA is 

replaced through PIA; otherwise, PIA fitness value is lower to DA fitness 

value, the location is substituted by DA. 

 

3.6  Stopping Condition 

 

The execution gets terminated while an optimal solution is accomplished. 

The last solution is offered to the cloud platform. 

 

4 Performance Validation  

 

An execution time analysis of the PIADA-TS algorithm is shown in Figs. 

3-5. Fig. 3 examines the execution time of the PIADA-TS model under the 

presence of 5 PMs, 15VMs and 50 tasks. Under 10 iterations, the proposed 

PIADA-TS model has reached to a minimum execution time of 0.34 whereas 

the FA, DA and ADA models have achieved a maximum execution time of 

0.63, 0.42, and 0.38 respectively. Concurrently, under 20 iterations, the 

projected PIADA-TS method has attained a lower execution time of 0.35 

while FA, DA and ADA methodologies have obtained higher execution time 

of 0.65, 0.43, and 0.39 correspondingly. Similarly, Under 30 iterations, the 

presented PIADA-TS approach has obtained least execution time of 0.37 and 

the FA, DA and ADA approaches have accomplished high execution time of 

0.67, 0.45, and 0.4 respectively. On the other hand, Under 40 iterations, the 

developed PIADA-TS technique has achieved a lesser execution time of 0.38 

while the FA, DA and ADA frameworks have reached a maximal execution 

time of 0.68, 0.47, and 0.41 correspondingly. Moreover, Under 50 iterations, 

the deployed PIADA-TS scheme has attained lower execution time of 0.39  
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while the FA, DA and ADA approaches have accomplished a higher 

execution time of 0.69, 0.48, and 0.42 correspondingly.  

Fig. 4 investigates the execution time of the PIADA-TS method using 10 

PMs, 30VMs and 75 tasks. Under 10 iterations, the presented PIADA-TS 

approach has attained a lower execution time of 0.66 while the FA, DA and 

ADA methods have accomplished a higher execution time of 0.93, 0.86, and 

0.73 correspondingly. Simultaneously, under 20 iterations, the newly 

deployed PIADA-TS approach has accomplished a least execution time of 

0.68 while the FA, DA and ADA schemes have attained high execution time 

of 0.95, 0.87, and 0.75 correspondingly. In line with this, Under 30 iterations, 

the presented PIADA-TS technology has attained lower execution time of 

0.69 while the FA, DA and ADA schemes have reached a higher execution 

time of 0.95, 0.87, and 0.76 respectively. Followed by, Under 40 iterations, 

the presented PIADA-TS approach has accomplished lower execution time of 

0.70 while the FA, DA and ADA methodologies have attained a maximal 

execution time of 0.95, 0.88, and 0.77 respectively. Moreover, Under 50 

iterations, the presented PIADA-TS method has achieved least execution time 

of 0.72 while the FA, DA and ADA methods have accomplished a higher 

execution time of 0.95, 0.89, and 0.78 correspondingly. 

 

 
 

Fig. 3. Execution time analysis of PIADA-TS algorithm-I 
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Fig. 4. Execution time analysis of PIADA-TS algorithm-II 

 

Fig. 5 analyze the execution time of the PIADA-TS model under the 

existence of 20 PMs, 50VMs and 100 tasks. Under 10 iterations, the newly 

developed PIADA-TS approach has accomplished a lower execution time of 

0.73 while the FA, DA and ADA methodologies have attained a higher 

execution time of 0.95, 0.90, and 0.78 correspondingly. Simultaneously, 

under 20 iterations, the presented PIADA-TS method has accomplished a low 

execution time of 0.74 while the FA, DA and ADA approaches have attained 

a higher execution time of 0.98, 0.90, and 0.79 correspondingly. Similarly, 

Under 30 iterations, the projected PIADA-TS framework has achieved least 

execution time of 0.76 while the FA, DA and ADA methods have 

accomplished a higher execution time of 0.99, 0.93, and 0.80 respectively. 

On the other hand, Under 40 iterations, the projected PIADA-TS technology 

has attained lower execution time of 0.77 while the FA, DA and ADA 

approaches have reached a higher execution time of 0.99, 0.95, and 0.80 

respectively. In addition, Under 50 iterations, the presented PIADA-TS 

scheme has accomplished a least execution time of 0.79 while the FA, DA 

and ADA methodologies have reached a high execution time of 0.99, 0.96, 

and 0.81 respectively. 
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Fig. 5. Execution time analysis of PIADA-TS algorithm-III 

 

An execution Cost analysis of the PIADA-TS algorithm is depicted Figs. 

6-8. Fig. 6 investigates the execution cost of the PIADA-TS method under the 

existence of 5 PMs, 15VMs and 50 tasks. Under 10 iterations, the presented 

PIADA-TS approach has attained a low execution cost of 0.70 while the FA, 

DA and ADA schemes have accomplished a maximal execution cost of 0.80, 

0.76, and 0.75 correspondingly. Meantime, under 20 iterations, the presented 

PIADA-TS framework has obtained to a minimum lower execution cost of 

0.64 and the FA, DA and ADA approaches have reached a higher execution 

cost of 0.70, 0.67, and 0.60 correspondingly. Similarly, Under 30 iterations, 

the presented PIADA-TS method has obtained low execution cost of 0.69 

while the FA, DA and ADA models have reached a high execution cost of 

0.79, 0.78, and 0.74 correspondingly. Followed by, Under 40 iterations, the 

newly developed PIADA-TS scheme has attained a lower execution cost of 

0.68 and the FA, DA and ADA approaches have accomplished a higher 

execution cost of 0.80, 0.77, and 0.74 respectively. Furthermore, Under 50 

iterations, the projected PIADA-TS module has accomplished least execution 

cost of 0.70 while the FA, DA and ADA methodologies have reached a 

higher execution cost of 0.80, 0.77, and 0.76 correspondingly. 
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Fig. 6. Execution cost analysis of PIADA-TS algorithm-I 

 

 

Fig. 7 determines the execution cost of the PIADA-TS approach under 

the application of 10 PMs, 30VMs and 75 tasks. Under 10 iterations, the 

projected PIADA-TS scheme has attained a lower execution cost of 0.06 

while the FA, DA and ADA methodologies have accomplished a greater 

execution cost of 0.19, 0.12, and 0.08 correspondingly. Concurrently, under 

20 iterations, the presented PIADA-TS method has attained to a low 

execution cost of 0.06 while the FA, DA and ADA approaches have attained 

a high execution cost of 0.22, 0.13, and 0.08 respectively. Similarly, Under 

30 iterations, the newly developed PIADA-TS scheme has attained a low 

execution cost of 0.06 while the FA, DA and ADA methodologies have 

accomplished a high execution cost of 0.26, 0.14, and 0.08 respectively. 

Followed by, Under 40 iterations, the projected PIADA-TS frameworks has 

attained lower execution cost of 0.07 while the FA, DA and ADA 

methodologies have accomplished a high execution cost of 0.28, 0.15, and 
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 0.09 correspondingly. Moreover, Under 50 iterations, the projected PIADA-

TS method has attained a least execution cost of 0.10 while the FA, DA and 

ADA approaches have reached a higher. 

 

 
Fig. 7. Execution cost analysis of PIADA-TS algorithm-II 

 

Fig. 8 investigates the execution cost of the PIADA-TS model under the 

existence of 20 PMs, 50VMs and 100 tasks. Under 10 iterations, the 

presented PIADA-TS method has attained a lower execution cost of 0.08 

while the FA, DA and ADA methodologies have accomplished a high 

execution cost of 0.25, 0.15, and 0.11 correspondingly. Simultaneously, 

under 20 iterations, the presented PIADA-TS scheme has achieved a lower 

execution cost of 0.09 while the FA, DA and ADA approaches have reached 

a maximal execution cost of 0.28, 0.16, and 0.12 correspondingly. Similarly, 

Under 30 iterations, the projected PIADA-TS method has attained a least 

execution cost of 0.10 and the FA, DA and ADA approaches have attained a 

high execution cost of 0.29, 0.17, and 0.13 respectively. Followed by, Under 

40 iterations, the projected PIADA-TS method has accomplished a least 

execution cost of 0.10 while the FA, DA and ADA schemes have attained a 

higher execution cost of 0.32, 0.18, and 0.13 correspondingly. In addition, 

Under 50 iterations, the projected PIADA-TS scheme has accomplished a  

 



 
 

 

 

 

Hybridization of Pigeon Inspired Algorithm with Dragonfly Algorithm for Energy 

Efficient Task Scheduling in Cloud Environment 2622 
 

least execution cost of 0.11 and the FA, DA and ADA frameworks have 

attained a maximum execution cost of 0.33, 0.19, and 0.14 respectively. 

 

 
            Fig. 8. Execution cost analysis of PIADA-TS algorithm-III 

 

 

5 Conclusion 
 

This paper has developed a PIADA-TS algorithm for task scheduling in 

cloud environment. In PIADA-TS algorithm, the PIA algorithm is 

incorporated to the DA for increasing the convergence rate. The presented 

model has obtained a well-balanced load across VMs and delivers at lowest 

cost and time. Furthermore, the presented model inherits the benefits of PIA 

and DA for the optimization of task scheduling and resource allocation in the 

CC platform. The performance of the PIADA-TS algorithm has been 

validated interms of execution cost and execution time. The obtained 

outcome exhibited that the proposed model has accomplished effective load 

balancing over the existing methods. 
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