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Abstract

One of the most significant technologies that businesses currently rely on is cloud
computing. Cloud computing has emerged as a critical need that cannot be ignored.
From this moment on, cloud computing advancement was evaluated by enhancing
efficiency and resolving issues. In this paper, the problem of resource allocation was
reviewed. Cloud computing resources have a role in scheduling incoming tasks on
existing resources and exploiting them optimally, as clients need more sharing
resources and on-demand services, a hybrid particle swarm optimization and tabu
search algorithms (PSO-TS) is proposed to allocate tasks to resources in healthcare
originations, which aims to reduce the cost and makespan over the homogeneous
resources in cloud computing environment, results shows a decrease of the average
completion time and cost needed for execution these tasks and reduce the makespan
for scheduling algorithms in comparison with FCFS, SJF, RR, and PSO algorithms,
as well as, the results are improved with the proposed hybrid algorithm which shows
faster solution and higher quality and energy efficient compared to other algorithms.

Keywords: Hybrid algorithms; particle swarm optimization; Tabu search; resource
allocation; cloud computing
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Introduction
The field of cloud computing has been getting great attention recently. The sharing concept
of computing resources on the cloud over the internet, such as software, storage, and
infrastructure, becomes critical for companies and individuals, with the benefits of eliminating
the need for physical resources and paying only for the types of services [1-2]. Cloud
computing technology refers to these services, which are provided as platform as a service
(PaaS), infrastructure as a service (IaaS), and software as a service (SaaS)[3-5].
Intelligent monitoring is one of the most important virtualized services and resources in cloud
computing architecture, besides scalability, transparency, and security[6-7]. A cloud
computing system is considered a hybrid design that combines event-driven architecture
(EDA) and service-oriented architecture (SOA) [8- 9]. In the current time, demanding
technologies are rising on new strategies and features with advanced cloud solutions with
great capability [10-11].

A lot of scientific workflow domains, such as healthcare organizations, consist of
sequences of tasks that process a set of data from initiation to completion through a specific
time and path[12]. To process these types of big data from medical records, transaction
patient status, emails, and other applications, there is a need for a highly flexible cloud that
can distribute the resources and be able to allocate them efficiently[13],[4]. Cloud computing
revolutionizes the healthcare industry by offering a scalable solution, with applications
depending on cloud computing technology, such as telemedicine, health information
exchange, medical imaging, and electronic health records (EHRs) [14-15].

Technology that effectively distributes cloud resources to different jobs, services, or
applications across the internet is referred to as cloud scheduling. It results in improved
system load balancing, performance optimization, energy conservation, and time and cost
savings [16]. Resource allocation in a cloud computing system involves balancing the
demands across multiple virtual machines, servers, and containers. Resource allocation has
two types: dynamic resource allocation, which is resources that can be adjusted based on
current workload and demand, and static resource allocation, which refers to resources that
can be predefined for certain applications or certain tasks [17-18].In cloud computing,
resource allocation techniques are strategies and methods that are used to distribute the
resources, such as CPU, memory, storage, and network bandwidth, among multiple tasks
required from applications or services with optimal performance, cost, and efficiency[19].

The major contribution of this work is as follows:

o A hybrid Particle Swarm Optimization and Tabu Search algorithms (PSO-TS) are
proposed to allocate task resources in healthcare organizations.

. A simulation-based performance for the proposed hybrid PSO-TS scheduling
technique is conducted, with different basic algorithms, and results are discussed, Best
makespan, tTotal completion time, Average waiting time, Total cost, Energy efficiency.

The environment of task scheduling:

A system created to effectively manage task execution, guaranteeing optimal resource
usage, meeting deadlines, and managing dependencies, is known as a task scheduling
environment. It is essential in several areas, including workflow management, cloud
computing, and operating systems. Three levels make up this environment. The first level is
the task scheduling stage, which consists of a number of smaller tasks that are divided based
on user demands using a cloud computing algorithm. These tasks are then assigned to
available resources, processed, and the results are returned to the users. In order to attain the
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optimal minimum makespan, the second scheduling level is in charge of assigning these tasks
to appropriate resources. All of these functions are carried out by a group of virtual machines
(VMs) at the third level as shown in Fig 1[18].
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Figure 1: Task scheduling environment stages

Meta-heuristic algorithms:

Meta-heuristic algorithms are high-level problem-independent algorithmic frameworks
that provide a set of guidelines or strategies to develop heuristic optimization algorithms.
These are typically used to find near-optimal solutions for complex optimization problems
where traditional methods (like linear programming) are not effective or feasible [20].

The proposed scheduling algorithms in CloudSim done to ensure realistic and reproducible
evaluation using synthetic workloads, and to demonstrate the potential of hybrid metaheuristic
algorithms in improving the efficiency, cost-effectiveness, and sustainability of cloud data
center operations, also, to evaluate and the performance of proposed hybrid algorithm with
swarm intelligence technique (PSO with Tabu) and traditional scheduling algorithms (FCFS,
SJF, RR) based on different key performance metrics [21].

Particle Swarm Optimization (PSO)

Proposed by Kennedy and Eberhart in 1995, a popular meta-heuristic optimization
technique, basically, a swarm-based algorithm that exploits social behavior like birds
flocking, is particularly effective for solving discrete and continuous optimization problems.
Each bird, while searching randomly for food, and all birds in the flock can share their
discoveries to help other birds find the best hunt. In mathematical equations, this means each
bird tries to find the best solution in the space. This is a heuristic solution because the global
optimal solution can’t be proven for real. However, the solution found by the PSO algorithm
is quite close to the global optimum[22].

A vast number of homogeneous agents, which are known as particles (n), which are

interacting locally with themselves and with the environment, are typically known as swarms
(Sn). Each particle has its velocity (V;) and its potential (P;) to view the problem when flying
in the problem space. When a combination of particles is reached with distribution in their
location to find the best current solution (Ppest) and (gpest) to the whole swarm, which leads
with probability to approaching the best function optimum [ [23-24].
Recently, the swarm-based techniques family, which depends on nature-inspired algorithms,
has proven its ability to produce low-cost, fast, robust solutions for complex problems, which
are classified as a major category of artificial intelligence, which refers to tasks that require
human intelligence [25].
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Two equations are involved with the PSO algorithm, the velocity equation, where each
particle updates its velocity using the individual current influence and the best global position:

Vi D = Vi+ ciry (pbesti - pi) + corz (gbest - pi) oo €))
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Figure 2: Particle movement in the Particle Swarm Optimization algorithm

Where c¢;, c¢2: acceleration constants, r;, 72- random numbers between (0 and 1), ¢ iteration
number. There is co-dependence between velocity and position parameters. Fig. 2 illustrates
the particle in the swarm[26], while Fig.3 shows PSO pseudocode.

Algorithm 1 PSO Algorithm Pseudocode

Input: n= particles, Vi= particle velocity, P~= particle position, c;= acceleration constant,
c>==acceleration constant, ;= random number, 7>- random number, 7= iteration number, Ppest
= best current position, gres=globel best position, i=D-dimention vector of position
Output: A swarm S of size n, n=50,100,.....n
1: Start: Initialize population (n)
A: Repeat: Generate solution S randomly
B: until size of pop = n
2: Repeat
A: For each particle, calculate fitness function
B:1- if solution § is infeasible, then P; = max value
2- else Evaluate the fitness of the particle: P;
3-if (f) > (Poest), Set current fitness value as Prpest

3: Update

1- particle with best fitness value as (gpest).

2- For each particle calculate new V;using eq(1), update position using eq(2).
4: Until (stop criterion)

1- If (t<maximum iterations), then t=t+1

2- If maximum iterations attained, post result

5: end procedure

Figure 3. Particle swarm optimization algorithm pseudocode

The flowchart of the PSO algorithm shows the steps of execution [27], as in Fig. 4.
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Figure 4: Particle swarm optimization flowchart

Tabu-Search algorithm (TS)

Tabu search algorithm is a robust optimization technique that leverages memory-based
strategies, which balance between exploring new regions and intensifying the search around
promising solutions, making it a very powerful tool. It is also considered one of the
metaheuristic algorithms originally suggested by Glover[28], which is designed to solve
combinatorial optimization. It is particularly useful for problems where the solution space is
large and complex, making traditional optimization methods ineffective [29].

Its search algorithm starts with the neighborhood concept, which sets all possible solutions
with the current position with a small change; this step is called initialization. Then a memory
structure starts with the Tabu search list, which stores all previously visited solutions to
prevent revisiting them again, which prevents cycles and encourages exploration in other
areas. The last step is aspiration criteria, where a condition is put to compare with the results
of the tabu search list, usually when it results in a better objective function value than any
previously found, as shown in Figure 5.
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Algorithm 2 Tabu Search Algorithm Pseudocode

1: Procedure Tabu Search
2: Generate initial solution S
3: Initialize the Tabu list
4: While (set of candidate solution S; is not complete)
do
5: Generate candidate solution Spest from current solution S¢
6: Add Shest
7: end while
8: Select the best solution Spest from St
9: if (fitness Spest) > (fitness Sy)
10: St = Spest
11: end if
12: if (termination condition met) then finished, otherwise go to step 4
13: end procedure

Figure 5: Tabu search algorithm Pseudocode

Related work

In this section, which presents a forward view of the basic cloud environment system, as
these researchers have proposed different techniques for enhancing task scheduling to obtain
an effective service model, we review some literature associated with our study in this paper,
which is provided as follows:

Authors in [30], proposed a hybrid ABC-MSA, Artificial Bee Colony Algorithm, and
Modified Simulated Annealing algorithm for optimizing green cloud computing. The new
hybrid algorithm has been implemented in Cloudsim toolkit for a simulation study of resource
optimization and green cloud environment. The study shows the effect of using scheduling to
minimize the makespan and cost, total completion time for executing tasks, and CPU
utilization. The results show that the proposed hybrid ABCMSA algorithm attains reduced
power consumption and response with improved energy efficiency, CPU utilization

The authors in [31], propose NDWPSO, a hybrid improved PSO algorithm with multiple
strategies. They compare it with 8 nature-inspired algorithms (5 intelligent algorithms and 3
PSO variants). On 23 benchmark tests and three practical engineering problems, the
simulation results proved better results, which were obtained by the NDWPSO algorithm
compared with other sets of algorithms.

In [32], a hybrid PSO-DE algorithm was developed, based on feasibility rules, to improve
PSO The authors verify the efficiency by applying 12 classical benchmarks and 57
optimization problems. The results show the advantages of PSO-DE compared to PSO and the
differential evolution algorithm.

According to the authors in [33], a hybrid PSO algorithm is proposed, a selection method that
can be used for multi-class data. The PSO-SVM algorithm was tested on a UCI dataset. The
results in this study show the effectiveness of the hybrid PSO algorithm with a large number
of datasets compared to the MVO-SVM method, with a better accuracy rate.

In [34], the authors introduce a new approach for the PSO algorithm for solving optimization
problems. by combining the merits of free PSO (pf-PSO) with extrapolated PSO (e-PSO), the
goal is to accelerate obtaining a global optimal solution.
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In [35], the authors proposed a hybrid PSO with GSA (gravitational search algorithm) to
improve the accuracy of the GSA algorithm while searching in a big database.
The author proposed in [36] a hyper-heuristic algorithm for a centralized cloud architecture
using various existing scheduling algorithms such as FCFS, PSO, GA, and simulated
annealing algorithm.

The author proposed in [37] a comparison between three algorithms for task scheduling,
these algorithms are PSO and modified PSO, and the genetic algorithm, where SJFP is
merged with PSO to reduce the makespan. the initial population generated as a modified PSO
algorithm exceeds the two other algorithms in this comparison.

Hybrid PSO-Tabu Algorithm

In this study, A PSO-Tabu hybrid algorithm has been introduced, which combines the
strengths of Particle Swarm Optimization and Tabu search to enhance the performance in
solving complex optimization problems such as resource scheduling in cloud computing
environments. The PSO population-based algorithm, inspired by social behavior, which
consists of a number of particles that move to find the best solution in the problem space, with
fast convergence at global search, but PSO can get stuck in local optimum, especially with
improper parameters.

On the other hand, the TS algorithm is a local search engine that uses memory structures
with tabu lists to avoid visiting already visited areas. With this frequency list, the search
process is forced to cover new areas and prevent early convergence to the local optimal
solution. This advantage of the TS algorithm is combined with the PSO algorithm to
introduce a hybrid PSO-TS algorithm for task scheduling in a cloud computing environment,
Fig. 5. Shows the flowchart for the hybrid PSO-TS algorithm.

As in eq. (1) and (2), the hybrid algorithm starts with the PSO basic algorithm, where
particles update their position and velocity, and to avoid the PSO from falling into the
continuous search; moreover, TS with its strong local searching, which increases the PSO
accuracy, and after the swarm updates its position and velocity, the swarm goes into the TS
best solution. This swarm considers the best possible solution, which, when updated with
time, represents the best global optimum solution, to output the best solution as shown in
Figure 6, Fig.ure7.
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Algorithm 3 PSO-TS Algorithm Pseudocode

Input: »n= particles, Vi= particle velocity, P= particle position, c¢;= acceleration constant,
c>==acceleration constant, ;= random number, 7>- random number, = iteration number, Ppest
= best current position, gpest=globel best position, i=D-dimention vector of position
Output: A swarm S of size n, n=50,100, .....n
1: Start: Initialize population (n)
A: Repeat: Generate solution S randomly
B: until size of pop = n
2: Repeat
A: For each particle, calculate fitness function
B:1-if solution S is infeasible, then P; = max_value
2- else Evaluate the fitness of the particle: P;
3-if (f) > (Poest), Set current fitness value as Ppest
3: procedure Tabu Search ()
Define a neighborhood function N and select a local search algorithm
local Search () for N;

t:=0;
St := Generate a starting solution;
Sbest = St;

Hi == (St, Sbest, t); // initialize the memory data structure
4: while (— termination criteria(S, H¢ ))
t=t+1;
Depending on (S, H ), generate a subset N7 (S¢) € N (St );
St := Best {s|s € N/’ (St)} with respect to [ or some /' = F(f, Si, Hy);
if (J(St) < J(Stest))
Shest:= St;
Update the memory data structure Hy;
end while
return Spest;
5: Until (stop criterion)
1- If (t<maximum iterations), then t=t+1
2- If maximum iterations attained, post result
6: End procedure

Figure 6: hybrid PSO-TS algorithm Pseudocode
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Figure 7: Flowchart for hybrid PSO-TS algorithm

7- Problem statement

Medical computing systems, with their growth towards more dependence on cloud
services such as managing, storing, and digital libraries. Shared database medical records,
these clinical decision support systems (CDSS) need more cloud-powered repositories to
overcome the limitations and improve the cloud services quality (QoS), one of the first
solution that implement in modern operation cloud system is cloud scheduling algorithms
which adopted hybrid scheduling techniques which improve the efficiency, reduce starvation,
and gives better CPU utilization to optimize the resources and enhanced system performances.
In this work hybrid PSO-TS algorithm has been implemented and compared with traditional
cloud scheduling algorithms such as FCFS, SJF, RR, and the PSO algorithm. Goal is to
minimize the makespan, as well as minimize the total completion time, total cost, and energy
efficiency.

8- Experimental part

The hybrid PSO-TS algorithm was implemented using CloudSim 3.0.3 tool-kit simulator,
which has been chosen for simulating different scenarios as it is an open-source framework
that provides different cloud environment modes. These components allow developers to
evaluate new strategies in utilization of clouds (balancing, scheduling, policies, and mapping,
etc.).
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The IDE used in this study is Eclipse 4.31.0 with JDK 17. Computer specification: 4th
generation Intel Core 17 Processor, MSI 70 2P Apache Pro, with DDR3 memory (16GB).
CloudSim is used for efficiency evaluation from different perspectives, including cost, speed,
and time for different applications, also, it supports of evaluation of green policies. There are
two policies available in the base CloudSim simulator toolkit: the default policies, the first
VM space-shared scheduler, which means that each VM is assigned to one CPU core. When
these VMs complete the process, the CPU is assigned to another VM. That means by this
policy, in time, there is one process executed in VM, with no context switch, and tasks
execution continues to finish. The second policy, VM Time-shared scheduler, arranges all
jobs that are assigned to VMs with the same time; the result, context switch happens within
tasks while execution [38].

The CloudSim structure consists of a number of components that simulate different parts
of a cloud computing environment. These components allow researchers to model and
evaluate the performance of cloud resource allocation, scheduling, and management
strategies.

The main components in CloudSim are shown in Fig. 8:

Cloudletl \
r
i

J Datacenter Cloud :
Cloudlet 2 ——r— = et A |
' Broker . » A .
I Services !
Cloudlet 3 /J:':'j ______ “——K\_'\____ ___________ :
Rt -
w x .\,
VML VM2 VM3
Host 1 Host 2 Host 3
Datacenter

Figure 8: Cloudsim toolkit cloud Components

 Data Center: consists of a group of hosts that represent the physical infrastructure, each host
consists of one or more VMs that are responsible for processing the requests or tasks.

* Datacenter Broker: one of the most important components in CloudSim, which is a class that
functions as policies that can be expanded to accommodate user experiments.
* Host: It manages virtual machines (VMs); it supplies them with memory, bandwidth, and
processor components; it is connected to the datacenter.
* Virtual machines, or VMs, are software that runs programs and functions similarly to a real
system. Each VM allocates host resources across activities based on a policy that has been put
in place.
* Cloudlet: the datacenter broker class implements scheduling policies that govern this class,
which is called a task [32].

The following is the project's experimental setup:

e The specifications for Cloudlet are: long output size = 300, long file size = 300.

e VMs number = 20 homogeneous.

e Time policy: sharing policy among the host and task levels.

4040



Essa and Hussain Iraqi Journal of Science, 2026, Vol. 67, No. 7, pp: 4031 -4046

PSO population = 25 particles, PSO iteration = 500.

System: Linux, Long image size = 10000, name: Xen, process speed = 1000 MIPS.

e VM memory (RAM) = 1000000 MB.

e Band width =200000 MB.

Several task scheduling algorithms, including FCFS, SJF, RR, and PSO, are implemented
over the CloudSim in this research for comparison with the suggested hybrid PSO-TS.

e FCFS (First come, First served): Its non-preemptive, where tasks are completed in the
order in which they received, this means, the scheduler in datacenter broker selects tasks that
arrive first and run it to completion, this straightforward approach and simple implemented,
make this algorithm used as a default scheduling method when no priorities are specified. The
advantages of using FCFS in cloud scheduling are simplicity and fairness, as all tasks are
executed in the order they arrive. While unlikely in FCFS, if there are constant arrivals of
large jobs, smaller jobs could be delayed for long periods, leading to inefficiency in overall
scheduling

e SJF (Short Job First): may be either non-preemptive or preemptive; In the SJF, the tasks
are ascending in order of their burst time, the scheduler allocates the resources depending on
the shortest task execution time. This type of scheduler has advantages in both preemptive and
non-preemptive versions. The average time compared between FCFS and SJF shows a
reduction in SJF type, as this algorithm optimizes the turnaround time to a considerable
degree, and the execution time of each process is estimated.

e RR (Round Robin): a scheduling preemptive algorithm, the scheduler allocated the
resources to execute the tasks with fixed slice time in rotation till all tasks finished [39].

e PSO (Particle Swarm Optimization: a popular meta-heuristic optimization technique,
basically, a swarm-based algorithm that exploits social behavior like birds flocking, is
particularly effective for solving discrete and continuous optimization problems.

8- Results and dissection

In comparison to other standard scheduling, the suggested hybrid PSO-TS scheduling
algorithm effectively reduced the scheduling workflow time and cost. To confirm the hybrid
PSO-TS algorithm's superiority in terms of time and cost, the algorithms were tested in the
following scenario, each with 200 tasks:

1- Makespan: The most important and commonly used performance indicator to find the
best schedule that can minimize the maximum completion time to execute the tasks. The
results from Table 1, and Fig 10 confirm the effect of using a hybrid PSO-TS scheduler to
minimize the total makespan.

Table 1: Makespan comparison for executing 200 tasks using different algorithms
FCFS SJF RR PSO PSO-Tabu

9703.943115 9204.448336 13171.15319 9113.113926 7022.566703
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Figure 10: Makespan sketched of 200 tasks for different algorithms

2- Total Completion Time (TCT): refers to the sum of all completion times for all
tasks. The results, as shown in Table 2 and Fig. 11, confirm the role of the hybrid PSO-TS
algorithm for minimizing total completion time.

Table 2: TCT comparison for executing 200 tasks using different algorithms
FCFS SJF RR PSO PSO-Tabu

678239.353 658374.065 701801.411 562575.296 457481.558

Total Completion Time

800000
700000

600000
500000
400000
300000
200000
100000

0

FCFS PSO-Tabu

Figure 11: Total completion time comparison of 200 tasks

3- Average Waiting Time (AWT): refers to the summation of all waiting time tasks
divided by the number of available resources, as shown in Table 3, and Fig. 12 shows the
results, which confirm that the lowest AWT is achieved with hybrid PSO-TS.

Table 3: AWT results using different scheduling algorithms
FCFS SJF RR PSO PSO-Tabu
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2814.64628

2734.907755

2946.397905

2469.98198
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Figure 12: Average waiting time comparison sketched of 200 tasks for different algorithms

4- Total cost: The implemented data used for simulating the cost is:

Time Zone = 10.0

One CPU cost in the process = 3.0, Memory cost in the process = 0.05
Storge cost in the process = 0.1, Bandwidth cost in the process = 0.1
It is clear from Table 4 and Fig. 13, that the PSO-TS achieved the lowest value in cost for 200

tasks executions.

Table 4: Total cost comparison for executed 200 tasks

FCFS

SJF

RR

PSO

PSO-Tabu

345930.291

334177.542

337565.49

261192.519

226813.4928

Total Cost

400000
350000
300000
250000
200000
150000
100000
50000
0

FCFS

PSO-Tabu

Figure 13: Total cost comparison sketched for 200 tasks for different algorithms

5- Energy efficiency:
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The proposed hybrid PSO-Tabu algorithm consumes less energy per 200 tasks and keeps
CPU usage high, all while reducing total completion time, making it ideal for green data
centers. The Tabu-enhanced PSO avoided unnecessary resource idling and overloading,
contributing to a more balanced energy draw. Table 5 and Fig. 14 show the total energy
comparison for executing 200 tasks using different algorithms.

Table 5: Total energy consumed for executing 200 tasks

FCFS SJF RR PSO PSO-TS
552.99 619.54 582.64 474.29 433.19
Energy efficiency (w)
700
600
500
400
300
200
100
0
FCFS SJF RR PSO PSO-Tabu

Figure 14: Energy efficiency comparison sketched of 200 tasks for different algorithms

Conclusion

These days, cloud computing systems must provide high-quality services; minimizing the
amount of time needed to complete tasks on interactive cloud systems, which is crucial by
lowering the makespan, cost, and average completion time for scheduling algorithms. The
hybrid PSO-TS algorithms in this study demonstrate their function in minimizing makespan
when compared to other algorithms, as well as minimizing overall cost and energy efficiency
for completing 200 tasks.
Hybrid PSO-TS algorithm combine the global search ability of PSO with the local refinement
ability of Tabu Search (TS), to enhance task scheduling performance in cloud computing, to
overcome the falling into local optimum in PSO algorithm, this study of hybrid PSO-TS
algorithm with its strong local searching that implemented from TS algorithm, which
increases the PSO accuracy.
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