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Cloud computing is a new trend in Internet computing that
provides various resources as a service. One of the basic
challenges in the cloud environment is task scheduling in
order to optimally use cloud-based services and increase
efficiency, which makes the system in a stable condition. In
recent years, extensive research has been done to assign
tasks to virtual machines in cloud environments. Although
these algorithms work effectively, they still do not
accurately address some challenges such as
communication delay, effective use of resources,
reliability, and assignment of work to unusable machines.
One of the significant challenges in the cloud computing
environment is choosing the best virtual machine for each
task with the aim of increasing efficiency and reducing
costs. In this article, a solution called PSODE is presented
to schedule tasks using evolutionary difference algorithms
and particle community algorithm with the aim of
increasing efficiency in the cloud computing environment.
In order to evaluate, the proposed solution was compared
with the difference evolutionary algorithm (DE) and the
particle swarm intelligence algorithm (PSO). The
evaluation results for 1000 tasks indicate a reduction in
response time compared to the mentioned methods.
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EXTENDED ABSTRACT

Introduction

Cloud computing technology is capable of sharing a paradigm of computing and
storage infrastructures over a scalable network of internet resources; consequently,
cloud users can execute dispersed information and services through remote servers
worldwide. Virtualization is the most critical technology employed in cloud computing.
In this context, virtualization refers to the simultaneous sharing of a software, resource,
or physical device among multiple users in the form of virtual instances. Companies
providing virtualization services offer users capabilities such as the creation,
maintenance, and management of Virtual Machines (VMs)on off-site hardware.
Currently, with the rapid advancement of virtualization technology, the creation of
virtual machines—as the primary resources in cloud computing—has emerged as a
novel solution for addressing the challenges of dynamic resource management. In fact,
virtualization enables the execution of multiple virtual machines on a single physical
machine by sharing all of its underlying hardware resources.

Methodology

Matlab software was used for simulation. In evaluating the results, the parameters
of the PSODE algorithm, as well as the number of tasks and the number of virtual
machines in the cloud environment, were considered and evaluated in different
scenarios.

By implementing PSODE in task scheduling, the objective function reduction trend
by this algorithm has been evaluated as shown in Figure 1.
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Figure 1. Minimization of the objective function by the PSO algorithm

As shown in the above figure, the objective function has been reduced in the
proposed algorithm. Also, the fitness function (makespan) has been evaluated in
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accordance with Figure 2.

Makespan of PSODE

360

350

340

Makespan {mS
W w
N (5]
o [}

w
=
o

w
(=]
o

290

||

0 100 200 300 400 500 600 700
lteration of PSODE

Figure 2. Makespan minimization by PSODE algorithm
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In Figure 3, the throughput of the algorithm is analyzed, which reached a constant
value after about 40 iterations and had an increasing trend.
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Figure 3. Throughput evaluation by PSODE algorithm

The values of the evaluation parameters in the final iteration of the algorithm have
been calculated according to Table 2. Also, the result of the best response obtained in
the final iteration of the algorithm, which is the result of scheduling tasks on virtual
machines, has been evaluated as Table 1.
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Table 1. Throughput and fitness evaluation in the final iteration
Fitness MP THr
VYL VY va) q,£9¢0

Also, the result of the best response obtained in the final iteration of the algorithm,
which is the result of scheduling tasks on virtual machines, has been calculated as Table
2.

Table 2. The result of the best answer in the final iteration of the proposed algorithm
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In the algorithm proposed in this paper, Differential Evolution (DE) and Particle
Swarm Optimization (PSO) algorithms are employed for task scheduling. The primary
objective of this approach is to reduce response time and increase the throughput of the
scheduling system. In the algorithm’s objective function, two parameters, MP and Thr,
are defined to evaluate response time and system throughput, respectively. The main
goal of the PSODE algorithm is to minimize this objective function.

In this algorithm, the length of each solution is equal to the number of tasks
submitted for scheduling, and each value in the solution structure represents the
identifier of the virtual machine assigned to the corresponding task.

The steps of the Particle Swarm Optimization (PSO) algorithm are defined as follows:
1. Population initialization: An initial population of particles is generated randomly.
2. The velocity vector of each particle is randomly initialized. Then, the objective-
function value of each particle is calculated according to Equation (7) presented
in the paper. The objective function aims to minimize response time and
maximize throughput.

The best position of each particle (personal best or pbestpbestpbest) is updated.

4. The best fitness value among the entire population is stored as the global best
position (gbestgbestgbest).

5. The velocity and position of each particle are updated.

it

Results and discussion

Based on the results presented in the article, the proposed PSODE algorithm, which
combines Differential Evolution (DE) with Particle Swarm Optimization (PSO), achieves
a higher convergence speed than the standalone DE and PSO algorithms. PSODE reaches
the optimal objective-function values within approximately 40 iterations,
demonstrating its strong capability to rapidly reduce response time and increase
throughput in cloud environments. In contrast, the DE algorithm exhibits a slower
convergence rate and requires more iterations to approach the optimal values. It also
shows relatively weak performance when handling high-volume workloads. Although
PSO performs better than DE in some cases, its convergence rate is still slower than that
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of the hybrid PSODE algorithm. Overall, the results clearly demonstrate the superiority
of PSODE in terms of convergence speed and objective-function minimization. In the
evaluation table, which considers 300, 500, 700, and 1,000 tasks allocated to 50 virtual
machines, the objective-function values obtained by the algorithms are presented as
follows.

Table 3. Comparison of the convergence speed of the algorithms
Cillsg ol PSODE ety &1 DEpinsSl  PSOpysSl

300 1.2746 1.9044 1.6561
500 1.4819 1.4819 1.8872
700 1.0240 1.8872 1.0240
1000 1.6561 1.9044 1.4819

The PSODE algorithm, owing to its intelligent integration of the advantages of Differential
Evolution (DE) and Particle Swarm Optimization (PSO), achieves a higher convergence rate and
performs better than the individual DE and PSO algorithms in terms of reducing response time
and increasing throughput. This algorithm reaches the optimal solution more rapidly, making it
more suitable for cloud computing environments and scenarios involving a large number of tasks.
Therefore, by combining the desirable characteristics of DE and PSO, the PSODE algorithm
delivers superior overall performance, particularly regarding convergence speed and response-
time optimization.

Comparison of Convergence Speed of PSODE, DE, and PSO Algorithms
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Figure 4. Comparison of the convergence speed of the PSODE, DE, and PSO algorithms

The figure above compares the convergence rate of the proposed algorithm (PSODE)
with two other algorithms: Differential Evolution (DE) and Particle Swarm Optimization
(PS0O). As can be observed, the PSODE algorithm (solid line) demonstrates the best
performance by reaching the optimal value more quickly, as indicated by the faster
reduction in the objective function value. The DE algorithm (dashed line) has the
slowest convergence rate and remains at a higher objective function value. The PSO
algorithm (dotted line) shows moderate performance; it performs better than DE but
worse than PSODE. Therefore, in terms of convergence speed and reaching the optimal
solution, the hybrid PSODE algorithm demonstrates superior performance.
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Conclusion

In this paper, an efficient scheduling algorithm was proposed to increase throughput
and reduce the response time of virtual machines in a cloud computing environment.
To this end, the Differential Evolution (DE) and Particle Swarm Optimization (PSO)
metaheuristic algorithms were employed. This algorithm, which mathematically
models a socio-political evolutionary process, has been used to solve a wide range of
optimization problems. This evolutionary optimization strategy has demonstrated
strong performance in terms of convergence rate and the ability to reach the global
optimum. In the proposed approach, the Particle Swarm Optimization algorithm selects
the best task, while the Differential Evolution algorithm selects the most suitable virtual
machine on which the task should be executed. The evaluation results of the PSODE
algorithm indicate that the proposed method can improve resource utilization and
reduce response time in cloud computing environments. The use of other evolutionary
algorithms may also be beneficial, particularly when they are integrated with the
proposed method to solve problems in various areas of cloud computing. Furthermore,
a fuzzy system can be combined with the proposed approach to address problems
characterized by insufficient certainty. In future work, new algorithms will be
developed to extend this type of load balancing and scheduling to workflows consisting
of dependent tasks. This algorithm considers priority as the main Quality of Service
(QoS) parameter.
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