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Abstract: Task scheduling is one of the key problem in the cloud computing environment. It is responsible for mapping the tasks to the appropriate 
resources, keeps the whole system balanced and optimizing the performance of the overall system. In this paper, we proposed a PSO-based task 
scheduling algorithm using adaptive load balancing approach where the tasks are expected to be heterogeneous. The proposed PSO-ALBA algorithm 
enhanced the performance of the standard PSO algorithm using adaptive load balancing approach. Adaptive load balancing approach handles 
overloaded and under-loaded condition simultaneously. Load   balancing method guaranteed to balance the load by measuring the capacity on each 
virtual machine. Tasks are relocating according to the status of each virtual machine based on the deadlines of the tasks. The implementation results 
carried out using CloudSim simulator. The performance evaluation shows that the proposed PSO-ALBA algorithm optimizes the makespan and 
throughput compared with other heuristics algorithms such as PSO and ACO. 
 
Index Terms: Cloud computing, Heuristic algorithm, Adaptive scheduling, Performance parameters  
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1. INTRODUCTION 
CLOUD computing has become inspiring technology due to its 
powerful architecture to perform large scale and complex 
computing. It simplifies appropriate on-demand network 
access to a shared unlimited number of computing resources 
such as CPUs, memory and storage [1] [2]. These resources 
are quickly provisioned and released with the least 
management effort. The most critical services offer by cloud 
computing are reliability, scalability, elasticity and high 
availability, which make it a highly complex and large 
distributed system. To provide these facilities for processing of 
massive amount of data, cloud computing services are 
categorized as infrastructure, platform and software as service 
[3] [5-7]. These services are made available to customers 
based on the pay as use model [8-10]. As masses of users 
post their computing tasks on the cloud system, task 
scheduling methods plays a essential part in cloud computing 
environments [1][4][11]. The scheduling mechanism can 
perform dynamically provisioning, allocation and balancing of 
users demand to available resources [3] [12] [13]. Therefore, 
the scheduling of tasks deals to reduce makespan and 
maximize resource utilization [12]. In this paper, we emphasis 
on minimizing the makespan and maximizing the throughput. 
We achieve this by using a meta-heuristics concept called 
Particle Swarm Optimization (PSO) and Adaptive Load 
Balancing (ALB) approach [14]. The benefit of using an 
adaptive scheduling algorithm with the PSO technique is, it 
handles over-loaded and under-loaded condition concurrently. 
Load balancing method guarantees load balancing of the 
system by measuring the load on each virtual machine and 
then relocating the task according to the status of each virtual 
machine based on the deadlines of the tasks. 
Our contribution of the proposed methodology is as 
follows: 

 We proposed a PSO-based task scheduling algorithm 
using adaptive load balancing approach for cloud 
computing to minimizing the makespan and 
maximizing the throughput. 

 The adaptive load balancing concept used with the 
PSO algorithm, i.e. the results generated from the 
proposed algorithm are more optimized and 
improved. 

 The results of performance evaluation shows that the 
proposed PSO-ALBA algorithm could outperform in 
term of makespan time and throughput compared with 
the existing heuristics algorithms such as PSO and 
ACO. 

The rest of this paper is organized as follows: section 2 
represents the literature review of existing task scheduling 
algorithm related to our research work. The description of the 
PSO standard and its working methodology with system 
architecture, problem formulation with parameters estimation 
and also explain the proposed PSO-ALBA algorithm in Section 
3.Section 4 demonstrates the simulation results of PSO-ALBA 
and compares it with other heuristics algorithms. Finally, 
Section 5presents the conclusions and future direction. 

 

2 RELATED WORK 
Heba Saleh et al. [1] have introduced the IPSO algorithm to 
afford the ideal allocation for a huge number of data in cloud 
computing environment. Allocation of task can be achieved by 
dividing the submitted tasks into bunches in a dynamic way. 
Each advent batches must consider resource utilization state. 
After receiving the most desirable solution of every batch, the 
algorithm attaches all most desirable solution for batches right 
into a very last allocation map. The main intent of this 
proposed algorithm is to balance the load over the last 
allocation map. The IPSO algorithm is compared with existing 
scheduling algorithms such as honey LBA-HB, ACO and RR 
algorithms. The proposed IPSO outperform in term the degree 
of imbalance, makespan as well as standard deviation of load. 
Mohit Kumar et al. [2] have introduced novel resource 
allocation framework that has capability to decide at run time 
to process the application at VMs using PSO algorithm with 
deadline constraints. The proposed scheduling algorithm 
name as PSO-BOOST that improved various performance 
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metrics such as processing time, processing cost, task 
acceptance ratio and throughput by submitting the 
heterogeneous tasks. The results of implement were 
conducted using the CloudSim tool and show that proposed 
PSO-BOOST algorithm outperforms compared with existing 
PSO, adaptive PSO, ABC and improved min-min load 
balancing algorithm. Fei Luo et al. [4] suggested an improved 
PSO strategy based on adaptive loads, in which adaptive 
loads use to make the load change with the increase of the 
number of iterations as well as also introduces random 
weights in the later stage. To avoid condition when the particle 
swarm technique could be stuck in the native optimal that 
originates to the advanced stage. The proposed strategy 
applied to task scheduling to achieve better scheduling plan in 
cloud computing. The results of experiments conducted using 
CloudSim simulator show that the overall performance of the 
proposed algorithm better than standard PSO. Thanaa S. 
Alnusairi et al. [15] have proposed a bio-inspired the 
scheduling algorithm for load balancing names as Bin-LB-
PSOGSA. This algorithm enables scheduling method to 
optimize the stability load level on VMs. This algorithm 
mapped the task to VMs according to the length of submitted 
load and processing speed of VM. The implementation 
outcomes show that the Bin-LB-PSOGSA increase load over 
time and decrease processing speed of VM, which shows that 
proposed algorithm, performs more efficiently in keeping the 
load balanced over time. Fatemeh Ebadifard et al. [16] 
introduced a method based on the PSO where tasks are 
independent and non-preemptive. The proposed method 
enhanced the efficiency of the PSO standard method using the 
concept of load balancing technique. The conducted results 
indicate that the proposed algorithm increases the makespan 
by 33% and decrease the resource utilization by 22% 
compared PSO standard method. Gabi Hua et al. [17] have 
proposed adaptive multi-objectives task scheduling algorithm 
based on PSO techniques to optimize the processing time and 
the transmission time. The proposed PSO-based AMTS 
outperform quasi-optimal solutions with compared to the 
genetic algorithm. Rajni Aron et al. [18] have introduced hyper-
heuristics resource scheduling strategy on the ground of PSO 
techniques to secure scheduling jobs on suitable resources 
without disturbing any of the security standards. The 
simulations were conducted using the GridSim Toolkit. The 
performance of proposed strategy outperforms than the 
existing algorithms in term of makespan as well as the cost of 
the user’s application. In this paper, we proposed PSO-based 
task scheduling algorithm using adaptive scheduling approach 
to solve the limitation of existing discussed algorithms. 
 

3 PROBLEM DEFINITION WITH SOLUTION 

FRAMEWORK 
 
3.1 PSO Standard  
PSO was proposed by Eberhart and Kennedy [19] in 1995 is a 
population based optimization method that finds a solution to a 
problem in a search by modeling and predicting the insect 
social behaviour in presence of goals. The term ―particle‖ is 
used to present as bees, birds or any other specific who 
parades social behaviour as a collection and cooperate with 
each other. Each particle hovers in the problem hunt space is 
observing for a possible solution. Each particle adjusts its best 
position based upon its experience and the experience of its 
neighbour. The particle is placed with respect to other 

solutions in search space is known as particle position and to 
know the particle direction and movement to optimized its 
fitness is known as velocity. The particle fitness represents 
how close a particle is to optimum solution compared with 
other particles in the search space [20]. Each particle velocity 
is updated in each time to find out the best two position global-
best Gbest and personal-best Pbest. Pbest presents the personal 
best position of particle has visited and Gbest present the 
global best position of the particle and its neighbours have 
visited since starting the iteration [21]. The updated PSO 
equation for position and velocity are given in (1) and (2), 
 

   (1) 

                  
(2) 
 

Where, present the current position of particle j, j present the 

number of particles and t present the current time. 𝑡�+1 present 

previous time of particle,   presents new velocity of particle j, 

𝜔�presents the inertia weight that is used to maintain the 

balance between exploration and exploitation. and are 

acceleration constant and ,  are a random number in the 
range between 0 and 1.  
 
3.2 PSO working System 
PSO working system is divided into four processes: 
initialization, updating of particle position and velocity, 
calculate fitness value and optimal solution as shown in Fig. 
(1) [21] [22]. Before initialization, particles must be designed to 
represent all constraints that will be used in the calculation of 
fitness value and optimal solution. After that random 
initialization of position and velocity particle. Particle position 
and velocity has to be updated the fitness value and 
comparing with others in their neighborhood. From these 
updated solutions, tasks are scheduled according to PSO 
algorithm and calculate fitness value to schedule the number 
of upcoming task and available resources. The fourth process 

TABLE 1 
LIST OF NOTATION WITH DESCRIPTION 
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Fig. 1. Overview of PSO working System 

 

is to selection of the optimal solution of the problem according 
to PSO algorithm. Tasks are heterogeneous in nature. PSO 
algorithm aim is to find the Gbest optimal solution, but each 
particle has contained with Pbest, So that the VNS approach is 
applied to find the optimal solution. VNS process goes back to 
the second process, and this process repeat until the stopping 
criteria not met.  
 

 
3.3 Problem Formulation 
Scheduling of resources is essential in cloud computing. The 
main intent of scheduling the tasks to obtainable resources 
ground on their features. It means that a set of tasks, T = {T1, 
T2…Tn} has to be assigned of obtainable resources V = {VM1, 
VM2...VMn}, where n is the length of the sequence of tasks 
and m is the length of the sequence of VMs. On this observe 
of literature, PSO methodology is best for optimization of task 
scheduling as compare to different scheduling algorithms. The 
objective of our proposed scheduling algorithm is to optimize 
the makespan and throughput, according to equations (6) and 
(7). 

 
 

: The capacity of VM can be calculated by using 
Equation (3); 

     
 (3)                                                        
where P is the processing speed of VM and Q is the number of 
CPUs. 

: The particle's fitness value is measured with the help 
of equation (4); 

    (4)                                                        

where  is the length of the task. 
 

: The execution time of a task can be calculated by using 
Equation (5): 

 =  /      (5) 
 
Mp: Makespan specifies the total finishing time of every task 
and can be computed by equation (6): 

    (6) 
where FT  specifies the finishing time of task i.  
Tp: Throughput means some tasks completed in a certain time 
period and measured with the help of equation (7). 

Tp =  ( )      (7) 

where  represent execution time of the task Ti. 

 
3.4 Proposed Methodology 
The main intent of our proposed methodology is to improve 
the scheduling results in terms of makespan time and 
throughput. The proposed algorithm starts to the initialized 
value of a particle randomly. The proposed PSO-ALBA 
algorithm, schedule the number of upcoming task 
corresponding to number available cloud resources based 
upon the fitness value. After that it calculates particles fitness 
value of each particle. The algorithm keeps updated Pbest and 
Gbest during its execution. It compares the current fitness value 
of each particle with its own Pbest value; the best position (Pbest) 
particle will be distinguished. Then, it compare the current 
fitness value of the whole population together, the lowest 
fitness value will be specified as global-best (Gbest) position. 
Resource manager monitor the status of VMs continuously 
and forward the information to task scheduler that decide task 
would be allocated to VM or not. If the utilization time of task Ti 
is less than the defined threshold value, then assign the task 
Ti into EDF list and schedule task Ti according to traditional 
EDF. When the utilization time of the task Ti is more than 
defined threshold value then assign the task Ti into AEDF list 
and schedule task Ti based on limitation of compatible tasks.  
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 

TABLE 2 
CLOUDSIM CONFIGURATION 

 

 

Fig. 2. The proposed PSO-ALBA algorithm  
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The proposed algorithm aim is to find out optimal Gbest based 
upon the defined fitness function. Compare the fitness value of 
Pbest with Gbest. If fitness value of Pbest is better than Gbest then 
assigned it to Gbest. This procedure is continuing until all tasks 
have not been scheduled to available VMs according to 
adaptive load balancing approach. PSO-ALBA scheduling 
algorithm optimizes the performance parameters like 
makespan time and throughput while considering deadline as 
a constraint. The complete steps of PSO-ALBA are expressed 
in Algorithm 1. 
 

4 SIMULATION IMPLEMENTATION AND 

RESULTS 
In this section, simulation is conducted to evaluate the 
efficiency of the proposed scheduling approach to the 
optimized solution. The results of the proposed PSO-ALBA 
algorithm is compared with other heuristics algorithms such as 
PSO and ACO from performance parameters like makespan 

and throughput. Simulation outcomes show that our proposed 
algorithm outperforms than other heuristics algorithm. 
Simulations were performed by using CloudSim [23] to 
estimate the efficiency of the proposed algorithm by changing 
the numbers of tasks while keeping a fixed VMs. Further, we 
have conducted results at changing number of tasks and VMs. 
The CloudSim simulation setup is shown in Table 2. 

 
 
 
 

 

 
 
Comparison of makespan  
The makespan of proposed PSO-RALB algorithm compared 
by PSO standard and ACO. This test has been implemented 
more than 50 times using timeshare policy at the independent 
nature of task, and the result has been presented. The 
makespan has been compared by varying the numbers of 
tasks 100 to 1000 while keeping a fixed number of VMs 50. 
Further, the results have conducted at varying number of tasks 
from 100 to 1000 and a varying number of VMs from 40 to 
140. The experiment result has been shown in Table 3 and 4 
and depicted in Fig. 3 and 4.  
The makespan produced by PSO-ALBA algorithm is improved 
compared with makespan produced by PSO standard and 
ACO. 
Comparison of Throughput 
The comparison of throughput of proposed PSO-RALB, PSO 
standard and PSO is illustrated in Table 5 and 6 and depicted 
in Fig. 5 and 6. The performance parameter is computed for 
analyzing the maximum throughput. Table 5 and Fig. 5 shows 
that the performance of the PSO-ALBA algorithm improved 
even when numbers of tasks are increased from 100 to 1000 
while fixed number of VMs 50. Table 6 and Fig. 6 shows the 
throughput of the proposed task scheduling algorithm is also 
improved when varying the number of tasks from 100 to 1000 
and VMs from 40 to 140. The throughput of the proposed 
algorithm is much improved when compared to PSO standard 
and ACO algorithm. 

 

TABLE 5 
THROUGHPUT COMPARISON OF FIX VM 

 

TABLE 6 
THROUGHPUT COMPARISON OF NUMBER OF TASKS AND VMS 

 

TABLE 3 
MAKESPAN COMPARISON OF FIX VM 

 

TABLE 4 
MAKESPAN COMPARISON OF NUMBER OF TASKS AND VMS 
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Fig. 3. Makespan comparison of proposed PSO-ALBA with other 
algorithms at fix VMs.  

 

 

Fig. 4. Makespan comparison of proposed PSO-ALBA with other 
algorithms at varying tasks and fix VMs. 

 

Fig. 5. Throughput comparison of proposed PSO-ALBA with other 
algorithms at fix VMs. 

 

Fig. 6. Throughput comparison of proposed PSO-ALBA with other 
algorithms at varying tasks and fix VMs. 

 

 

 
 

5 CONCLUSIONS    
In this paper, the proposed PSO-ALBA task scheduling 
algorithm capable of balancing the load among resources 
using adaptive load balancing approach. This adaptive 
approach scheduled the tasks based on deadline constraints 
to provide better scheduling solution for cloud computing 
environment. The proposed algorithm reduces the makespan 
and maximizes the throughput while comparing other 
heuristics algorithms. The result shows that the proposed 
PSO-ALBA algorithm performs much better than that of the 
other heuristic scheduling algorithms like PSO and ACO.  
To obtain a better result, the proposed algorithm should be 
developed and designed more accurate by considering 
problems associated to SLA-based resource scheduling, to 
perform hybridization of different optimization techniques. The 
results can also be implemented by using a workflow 
application and in real cloud environment.  
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