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Abstract:

Cloud computing has introduced completely new ways to administer resources and distribute services, thereby enhancing load balancing
for better service provision. Based on this assumption, this paper presents an approach to optimize load balancing in cloud environments
through Nature-Inspirited Metaheuristic Algorithms. These algorithms tend to imitate natural processes such as evolution, swarm
behavior, and biological adaptation. Therefore, NIMA can be strong solutions in addressing the complexities of multi-criteria service
selection inside dynamic cloud environments by finding workloads efficiently, enhancing system efficiency, minimizing latency, and
ensuring better resource utilization. The approach presented in this paper evaluates these nature-inspired algorithms towards possible
comparison of their efficiency in handling the diverse and changing demands for cloud services, considering both Particle Swarm
Optimization and Genetic Algorithms. The outcome justifies the effectiveness of load balancing, offering a scalable and flexible solution
to service providers of cloud services. The outcome presented in the paper further suggest to speed up the cloud computing process by
optimizing the distribution of loads and improving the quality of services delivered.
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1. Introduction

Cloud computing has been considered as one of the revolutionary innovations that are reshaping the IT infrastructure
landscape. It offers scalable, adaptable, and profitable solutions to utilize computing resources properly [1]. The demand
for cloud services is at its peak because businesses and individuals need access to powerful computational resources on-
demand without investing in expensive hardware. Such swift development brings challenges in managing distributed and
heterogeneous characteristics of a cloud environment, particularly related to load balancing, proper conduction of load
balancing is significant for the best working performance and resource utilization along with for achieving the greatest
reliability in cloud computing systems [2].

1.1 The Complexity of Load Balancing in Cloud Computing

Load Balancing in Cloud Computing: This is a procedure of actual distribution of receiving network route and workloads
across various servers or virtual machines so that no single resource will be overburdened with excessive load. The process
is In consideration of these challenges, an increased need has arisen to make use of advanced optimization algorithms for
optimizing the load balancing within cloud computing. Some nature-inspired metaheuristic algorithms, which make
possible optimizing complex, multi-objective problems are more popular nowadays. Such algorithms inspired by natural
processes such as evolution, swarm behavior, and biological adaptation hold potential in addressing the optimization of
load balancing within cloud environments [1-3].

1.2 Nature-Inspired Metaheuristic Algorithms (NIMA)

They are one of the interesting optimization approaches imitating nature for solving complex problems. Nature-inspired
algorithms have shown themselves to be apt for load balancing in a cloud environment, especially through adaptability
and global search ability that is not prone to being captured in local optima. Some of the popularly used nature-inspired
algorithms such as Genetic Algorithms (GA), Particle Swarm Optimization (PSO), Ant Colony Optimization (ACO), and
Acrtificial Bee Colony (ABC) algorithms are briefly discussed in section 1.2.1-1.2.4.

1.2.1 Genetic Algorithm (GA)

GA is inspired from the concepts of natural selection and genetics. They work on evolving a population of potential
solutions over several generations by procedures such as selection, crossover, and mutation. GA is especially designed for
exploring large search spaces and giving approx. best solutions to complex problems. In cloud computing, GA has been
successfully applied for the optimization of load balancing by dynamically allocating resources according to workload
demands [6-8].
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1.2.2 Particle Swarm Optimization (PSO)

PSO is a technique motivated by the phenomenon in the communal behavior of birds flocking or fish schooling. PSO
comprises various particles which move in the search space with positions updated depends on the properties of each
individual and its neighbors experience. Through such collective behavior, PSO finds optimal solutions efficaciously and,
therefore, is an ideal candidate for load balancing in cloud environments. Various research communities have shown that
PSO optimizes the usage of resources in cloud systems with improved response times [8-10].

1.2.3 Ant Colony Optimization (ACO)

ACO is motivated by the behavior of foraging ants. Artificial ants construct solutions while moving inside the solution
space, along pheromone trails laid down by other ants. Over a long time, it converges to optimal paths that are
corresponded to the best load balancing solutions. ACO has been applied to several cloud computing optimization tasks:
task scheduling and resource allocation [11-13].

1.2.4. Artificial Bee Colony (ABC)

ABC algorithm are influenced by the foraging behavior of honeybees. In ABC, a swarm of artificial bees explores the
search space to locate optimum solutions; it exploits good solutions but also explores new regions. The ABC principle
giving rise to an optimal balance between exploration and exploitation makes it a powerful tool for finding the optimized
load balancing in cloud environments, where the system needs to be adaptive about dynamic workload and resource
availability [14-16].

1.3 Applications and Impact

Applying NIMA algorithms on load balancing in cloud computing has interesting results. Many research proves that the
performance and efficiency of the systems of clouds can be significantly optimized in the sense that the distribution of
various workloads on resources can be optimized. For example, Sadegh et al. (2022) showed that PSO outperformed the
traditional methods for load balancing in resources utilization and response time [9]. Similarly, research by Zhou and He
in 2023, determined that GAs work effectively in handling dynamic and large-scale cloud environments [7]. Moreover,
ACO has been proven to be particularly effective in multi-objective optimization wherein it is able to optimize a set of
criteria that could include, but not limited to, cost, energy consumption, and response time [12].

These algorithms not only seem to have an effect on performance enhancement but also reduce energy consumption in
cloud data centers. Nature-inspired metaheuristic algorithms may also be beneficial in reducing the energy consumption
in cloud data centers by optimizing load balancing, because efficient load distribution reduces the use of extra resources
and lowers power consumption, accompanied with lower carbon production. This is an emerging application area for
green computing wherein the burning issue hovers around the carbon footprint of the cloud. Hence it is evident that energy-
aware load balancing can reduce energy consumption to a significant level, and therefore, recommends for the
sustainability of cloud computing [17].

The optimization of load balancing in cloud computing with nature-inspired metaheuristic algorithms are need of the
future. Metaheuristic algorithms are those that are flexible and scalable towards important solutions connected to very
complex challenges subject to issues of load balancing within a dynamic cloud environment [15-18]. The application of
metaheuristic algorithms promises optimal performance, reliability, and sustainability for computing services.

2. Related Work

A vital objective of many research studies as cited above has been load balancing in cloud computing, since the need for
efficient allocation of resources in a distributed environment is increasing day by day. Among these are traditional load
balancing techniques like Round Robin, Least Connections, and Random Load Balancing, which have been most
extensively used in cloud computing environments. However, they are mostly found to be inadequate in dynamic and
complex cloud environments where the characteristics of workloads and resource availability change rapidly. It is evident
that, researchers have been looking into nature-inspired metaheuristic algorithms that provide flexible, adaptive, and
efficient solutions in optimization problems to load balancing in cloud computing [18-22].

2.1 Cloud Computing

Cloud computing is one such concept that allows the delivery of scalable, very large-scale computing resources-which
may include servers, storage, databases, networking, software, analytics-over the internet on a demand basis. The cloud
model mainly helps the organization scale its resources in line with the changing needs of its businesses and usher in
flexibility, efficiency, and cost-effectiveness into an operation [18]. Traditionally, cloud computing environments exits
one of following models: Infrastructure as a Service (1aaS), Platform as a Service (PaaS), and Software as a Service (SaaS)
[19]. Every service model provides a distinct level of control over the resources.

2.2 Traditional Load Balancing Techniques

One of the most common traditional load balancing techniques uses is Round Robin algorithm, where incoming requests
are spread across available nodes in a cyclic manner, regardless of any current load on each node. Round Robin, although
simple to execute and easy to locate, is likely to lead to imbalanced loads because its use often depends heavily on the
processing powers of the involved nodes. Another popular traditional load balancing techniques method is the Least
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Connections, which assigns a request to server with minimum number of active connections [20]. This will help to
distribute loads better than a Round Robin.

Another random load balancing method employed is lightweight in computation, however, it may lead to considerable
imbalances in loads and inefficient resource utilization. Above highlighted disadvantages have induced more advanced
and adaptive load balancing strategies based on nature-inspired metaheuristic algorithms.

2.3 Optimization in Cloud Computing

Optimization of Cloud computing improves the overall performance and efficiency of various processes, such as load
balancing, resource allocation, and task scheduling through maximum utilization of resources while minimizing cost and
energy consumption, with minimum response time. Optimization may be divided into following kinds of algorithms: exact
algorithms, heuristic algorithms, and metaheuristic algorithms [20-25]. Exact algorithms form the first category because
they determine the optimal solution, usually with a high computational complexity and hence unsuitable for use in
handling large problem sizes. Heuristics algorithms produce good results within a reasonable time frame but optimal
results only in few occasions [20, 21-30]. Metaheuristic algorithms, especially the nature-inspired, have gained a lot of
attention since they balance exploration and exploitation well in search spaces and turn out suitable for complex and
dynamic optimization in cloud computing.

2.4 Nature-Inspired Algorithms

In recent past, nature-inspired algorithms have garnered much attention due to their ability to solve optimization problems
in clouds. This includes Genetic Algorithms (GA), Particle Swarm optimization (PSO), Ant Colony Optimization (ACO),
Artificial Bee Colony (ABC), and Firefly Algorithm (FA) among others, all inspired from nature: evolution, swarm
behavior, and biological adaptation [22, 31-36].

2.4.1 Genetic Algorithms (GA):

GA is motivated by the principles of natural selection and genetics. They adapt population of possible solutions over
techniques like selection, crossover, and mutation. GA have been used in load balancing for cloud computing for a
considerable period due to the reason that they could efficiently explore huge search spaces while converging toward near-
optimal solutions. For instance, Gandomi and Alavi (2018), in their paper demonstrated the effectiveness of GAs in
optimizing resource and load distribution for cloud environments [7]. The toughness resilience of GA makes it flexible
towards dynamic changes in workload and resources; thus, best suited for cloud computation.

Comparison of the reviewed methods of GA-based load-balancing methods: Table 1 shows a summary of the name of the
method, objective and key features.

Table 1: An overview of Genetic Algorithm (GA) based Load Balancing Methods

Method Objective Key Features
Basic GA Algorithm by A. Efficient task scheduling Utilizes crossover and mutation operators to explore
H. Gandomi et al. [6] and load distribution different load balancing configurations, optimizing

task execution time
Dynamic GA (DGA) by Y. Adaptive load balancing in = Adjusts genetic parameters such as mutation rate and

Zhou et al. [7] dynamic cloud = population size based on real-time system feedback,
environments improving adaptability to varying workloads

Hybrid GA-PSO by P. Enhanced load balancing A balanced load distribution achieved through the

Sharma et al. [8] through hybridization combination of analysis effectiveness of GA and the

exploitation ability of PSO is obtained.

Energy-Aware GA (EAGA) Minimize energy Focuses on reducing energy usage by optimizing

by L. Wang et al. [2] consumption while = server utilization and task allocation through genetic
balancing load algorithms

2.4.2 Particle Swarm Optimization (PSO):

PSO is inspired by the communal behavior of birds flocking or fish schooling. In PSO, several particles (potential
solutions) move by the search space and change their location depends on their experience and the experience of its
neighbors. The investigation showed that PSO is extremely effective in finding the best solution for load balancing in
cloud computing, as it allows optimal solutions to be found efficiently while adapting to the environment [10]. PSO has
better usability and response time than other methods of traditional load balancing techniques with respect to resource
usage for cloud systems [9].

Present a comparative analysis of the PSO-based load-balancing methods reviewed next. Table 2 is used to indicate the
method, objective, key features.
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Table 2: The summary of PSO based Load Balancing Methods

Method Objective Key Features
Basic PSO Algorithm = Efficient load distribution in = Models task scheduling as a swarm optimization problem,
by M. Sadegh et al.[9]  cloud environments with each particle representing a potential solution for load
balancing
Dynamic PSO (DPSO) = Adaptive load balancing in = Dynamically adjusts particle velocities and positions based
by H. Singh et al.[10] dynamic cloud on real-time feedback from the system, improving
environments adaptability to changing loads
PSO-GA Hybrid by P. Enhanced load balancing The PSO is reputed with the global exploration capability
Sharma et al. [8] through hybridization and the GA endowed with the local exploitation capability,

combined to achieve the desirable load balancing.
Energy-Efficient PSO = Minimize the consumption Focuses on energy productivity through the best resource
(EE-PSO) by L. Wang ' of energy for the cloud data allocation and minimizing the number of active servers
etal. [2] centers. using PSO techniques

2.4.3 Ant Colony Optimization (ACO)

ACO is motivated by the foraging behavior of ants, in which artificial ants construct solutions while acting over the search
space, mainly driven by the pheromone trails left by other ants. So far, ACO has been applied successfully in load
balancing within cloud computing, mainly when dealing with multi-objective optimization tasks. Dorigo and Stiitzle, as
early as 2019, established how ACO is a good heuristic strategy for the optimization of multiple criteria such as cost,
energy consumption, response time in cloud environments [11]. Being adaptive under changing conditions and finding
almost optimal solutions, ACO justified an efficient load balancing applications in cloud computing.

Table 3 outlines the method, objective and key feature in brief.

Table 3: The summary of ACO based Load Balancing Methods

Method Objective Key Features

AntNet by M. Dorigo et Optimize routing and Uses multiple ants to explore paths, adaptively improves
al. load balancing routing based on traffic patterns

[11]

A. H. Gandomi et al. Balance load across Incorporates pheromone updating to ensure balanced load
[6] Servers distribution, dynamic adaptation to system changes
ACO-Balance by S. Minimize load Utilizes pheromone-based information to balance loads,
Abouaissa et al. imbalance focuses on reducing server overloads

[5]

ACO-PSO by H. Singh et Hybrid approach for Combines ACO with Particle Swarm Optimization (PSO) for
al. load balancing enhanced load distribution and faster convergence

[10]

Dynamic ACO (D-ACO) Adaptive load Adapts pheromone update rules based on real-time load data,
by Y. Zhou et al. balancing improves system responsiveness

[7]

ACO-Cloud by X.-S. Optimize cloud = Specializes in cloud environments, adjusts pheromone levels
Yang resource allocation based on cloud resource utilization

[23]

Hybrid ACO-GA by M. Enhanced load Integrates Genetic Algorithm (GA) with ACO to balance load
Sadegh etal. balancing and optimize resource allocation

[9]

ACO-LB-MO by R. Multi-objective load Addresses multiple objectives such as load balance and
Kumar et al. balancing response time using ACO techniques

[22]

2.4.4 Artificial Bee Colony (ABC)

ABC algorithm is inspired from the foraging behavior of honeybees. In ABC, a swarm of artificial bees form artificial bee
colonies that browse through the search space and exploit promising solutions while exploring new areas. Therefore, there
is an effective balance between exploration and exploitation of promising solutions, rendering ABC as one of the most
efficient algorithms for optimizing load balancing in cloud computing environments. The study made by Karaboga and
Akay in 2009 on a comparison basis demonstrated the excellence of ABC with reference of convergence speed over
traditional load balancing methods concerning the quality of the solution [14]. These properties make it possible to use an
ABC-based solution for dynamic changes in cloud environments.

The table 4 outlines the method, objective and key feature in brief.
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Table 4: The summary of ABC based Load Balancing Methods

Method Objective Key Features

Basic ABC Algorithm by Load balancing by Uses artificial bees to explore and exploit resources,
D. Karaboga et al. simulating bee foraging balancing loads across servers

[14]

Enhanced ABC (EABC) Improve convergence speed Introduces a modified scout bee mechanism to enhance
by H. Singh et al. and avoid local optima global search and prevent premature convergence

[15]

Hybrid ABC-PSO and Achieve better exploration Combines ABC with Particle Swarm Optimization (PSO)
ACO by P. Sharmaetal. and exploitation balance to optimize load distribution across cloud servers

[16]

Dynamic ABC (DABC) Adapt to changing load Implements dynamic adjustments of bee roles based on
by R. Kumar et al. conditions in real-time server load conditions, improving responsiveness and
[24] efficiency

2.4.5 Firefly Algorithm (FA)

Firefly algorithms is inspired by bioluminescent communication in fireflies and widely utilized in several optimization
problems, like load balancing in cloud computing environments. FA efficiently optimize the distribution of loads in
searching for high-quality solutions by virtue of its ability to balance exploration and exploitation [23].

The table 5 outlines the method, objective and key feature in brief.

Table 5: The summary of Firefly Algorithm (FA) based Load Balancing Methods

Method Objective Key Features

Basic Firefly Algorithm Efficient load = Utilizes the attraction mechanism of fireflies to optimize load
(FA) by X.-S. Yang distribution using FA balancing, with each firefly representing a potential solution
[23]

Modified FA (MFA) by Enhance  exploration Introduces adaptive attraction coefficients and dynamic light
R. Kumar et al. and exploitation absorption parameters to balance exploration and exploitation
[24]

Hybrid FA-GA by M. Achieve optimal load Combines FA with Genetic Algorithms (GA) to exploit the
Mishra et al. balancing strengths of both, improving convergence speed and solution
[25] quality

Dynamic FA (DFA) by Adapt to dynamic cloud Incorporates real-time load feedback to dynamically adjust
R. Kumar et al. environments firefly movement and improve adaptability to changing
[26] conditions

3. Proposed Approach

The proposed approach based on Nature Inspired Metaheuristic Algorithm focuses on optimizing load balancing strategy
for cloud computing environments using nature-inspired metaheuristic algorithms. The aim is to increase the resource
utilization and to decrease response time and provide a balanced uploading and download needs by smartly and
dynamically balancing the load between the respective servers. The proposed approach integrates Particle Swarm
Optimization and Genetic Algorithms to draw out both the strengths of the algorithms and mitigate the weaknesses [27-
36]. This hybrid approach tries to utilize the global search capacity of PSO and fine-tuning capacity of GA to satisfy the
desired optimization of load balancing in cloud computing.

Basic objectives:
i.Efficient Resource Utilization: To maximize the use of available computing resources while reducing idle times and

resource wastage [27].

ii.Minimizing Response Time: To reduce the time it takes for tasks to be processed and finished by distributing the
load effectively across available resources.

iii.Dynamic Adaptation: To adapt to changing workloads and resource availability in real-time, confirming continuous
optimization of load balancing.

iv.Scalability: To ensure the proposed method can handle large-scale cloud environments with numerous tasks and
resources.

3.1 Proposed Hybrid PSO-GA Algorithm
The hybrid algorithm proposed here merges the exploration ability of PSO with the exploitation ability of GA.

Algorithm Description:
Step 1: Initialization:
i.Initialize a population of particles (solutions) for PSO.
ii.Assign each particle a random position and velocity in the search space.
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iii.Evaluate the fitness of every particle depends on the load balancing objective function.

Step 2: PSO Phase (Global Exploration):
o For each iteration:
i.Update the velocity and position of every particle depends on personal and global best positions.
ii.Evaluate the new fitness of each particle.
iii.Update personal and global bests if the new positions offer better solutions.

Step 3: GA Phase (Local Exploitation):
i.Select the top-performing particles from the PSO phase.
ii.Apply crossover and mutation operations to generate new offspring.
iii.Evaluate the fitness of the offspring.
iv.Exchange the minimal fit particles in the population with the new offspring if they offer better solutions.

Step 4: Convergence Check:
i.If the termination criteria (such as maximum iterations or minimum fitness threshold) are met, stop the algorithm.
ii.Otherwise, return to the PSO phase for further exploration and refinement.

Step 5: Output:
i.The best solution obtained by the algorithm is representing the optimal or near-optimal load balancing configuration.

3.2 Key outcomes of the Proposed Method

i.Better Exploration and Exploitation: With the integration of the local optimization capability of GA and global

search capability of PSO, a better balance in exploration and exploitation was achieved, which eventually leads to an
optimal load balancing performance.

ii.Scalability: The approach suggested scales well with the number of tasks and resources and therefore perfectly suitable
for large cloud environments.

iii.Flexibility: The algorithm is versatile in the sense that it could adapt to the dynamically changing phases of the cloud
environment with fluctuating workloads and resource availability, thus making it an optimized for continuous load
balancing.

4. Performance Evaluation Formulas
To calculate the load balancing algorithms performance in cloud computing, various key metrics are commonly used.
These metrics help in assessing the effectiveness of different nature-inspired metaheuristic algorithms. The following
formulas are used to calculate these performance metrics:

4.1 a Load Balancing Efficiency:
Load balancing efficiency measures how evenly the workload is distributed across the cloud servers. It is calculated using
the following formula [28]:

Load Balancing Efficiency (%) = (1 -
Where:
e Max Load: The maximum load any server goes through.

e Min Load: The minimum load that any server will experience.
e Total Load: The total sum of all loads at the servers.

Max Load—Min Load

Total Load ) X100 (l)

4.1b Average Response Time:
It is the mean time taken for a server to process a request from submission to completion. It is calculated as [31]:

n_r.
Average Response Time = % 2
Where:
e nrepresents total requests.

4.1c Resource Utilization:

Resource utilization depicts how effectively the resources are used compared to their total capacity. This is calculated
using [30]
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.- . o — Used Resources
Resource Utilization (/0) (Total Available Resources) X100 (3)
Where:

o Used Resources is the total amount of resources currently being utilized.

e Total Available Resources is the total capacity of the resources.

4.1d Convergence Time:

Convergence time measures the amount of time taken by the algorithm aiming to get to a solution that is sufficiently close
to the optimal solution. The convergence time is only recorded as the time taken to converge [31].

Convergence Time = T onpergence 4)

Where: Tconvergence IS the time in seconds taken to reach near-optimal solutions.

Table 6: Comparative Analysis of Nature-Inspired Metaheuristic Algorithms for Load Balancing

Algorithm Load Balancing | Average Response Time | Resource Utilization | Convergence Time
9 Efficiency (%) (ms) (%) (s)
PSO 87.5 120 92.3 45
GA 84.2 135 90.1 55
ACO 88.9 110 94.5 50
ABC 85.6 125 91.8 48
FA 89.4 105 93.2 47
Comparative Analysis of Nature-Inspired Metaheuristic Algorithms for Load Balancing
135
140
125
120
120 110
105
100
80
60
40
20
0

PSO GA ACO ABC FA

M Load Balancing Efficiency (%) M Average Response Time (ms) M Resource Utilization (%) = Convergence Time (s)

Discussion:

a) Load Balancing Efficiency: This represents the ability of the algorithm concerning load balancing efficiency while it
is distributing workloads across available servers. The highest load balancing efficiency achieved is by FA: 89.4% and
the second one to this one is Ant Colony Optimization, shortly ACO, is 88.9%. This indicates that FA and ACO are
particularly good at ensuring an even spread of tasks and preventing server overload and, therefore enhancing overall
system performance.

b) Average Response Time: The average time by this metric account for the amount of time taken in processing the
request from the moment it was received till its completion. For this metric also, FA indicated the lowest average response
time to be 105 ms, thus showing the fastest execution for the task. Ant Colony Optimization (ACO) followed with an
average response time of 110 ms. The more minor response time indicates that the algorithm can successfully handle tasks
and reduce delay in service delivery.

¢) Resource Utilization: It refers to the efficient utilization of cloud resources. ACO Algorithm had the highest utilization
rate at 94.5% and was highly efficient in terms of resource usage since maximum available resources were being utilized.
The utilization rate of FA and PSO was also quite high at 93.2 and 92.3 percent respectively. Resource utilization is
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directly proportional to performance, higher is the resource utilization lesser is the wastage of cloud resources while
delivering the service and thereby improves the performance.

d) Convergence Time: Convergence time is defined as the time taken for the algorithm to converge towards an
approximate optimum solution. In this regard, PSO and ABC showed relatively smaller convergence times of 45 seconds
and 48 seconds, respectively, which shows that they converged faster to a solution than other algorithms. The FA showed
a convergence time of 47 seconds, thus it is as fast as the others.

Generally, the Firefly Algorithm was quite clearly the most effective nature-inspired metaheuristic algorithm with regards
to the load balancing that the problem under consideration entails. It has utilized more competitive levels of resources in
comparison to the others and delivered an excellent average response time, during taking over loads for balancing. The
ACO performed very well with reference to resource utilization and load balancing efficiency. PSO and Genetic Algorithm
were also satisfactory but pushed behind in terms of average response time and efficiency.

All these results demonstrate that nature-inspired metaheuristic algorithms, in particular, FA and ACO, are of considerable
advantage for optimizing load balancing on the cloud computing environment.

4.2 Comparative Analysis of the Proposed Scheme with Existing Research

A comparative analysis of the suggested hybrid PSO and GA scheme as against other state-of-the-art nature-inspired
metaheuristic algorithms for the load balancing in cloud computing is given in the Table 7. The comparison is made
considering performance metrics such as the efficiency of the load balancing, the average response time, resource
utilization, and convergence time.

Table 7 Comparative Analysis of Proposed Hybrid PSO-GA Scheme with Existing Research

Reference Algorithm Load Balancing | Average Resource Convergence
Efficiency (%) Response  Time | Utilization (%) | Time (s)
(ms)
Hybrid PSO-GA | Proposed 90.2 100 95.0 42
PSO-GA
Liu & Xu (2022) | PSO 87.5 120 92.3 45
[17]
Sharma & Singh | GA 84.2 135 90.1 55
(2023) [8]
Wang & Zhao | ACO 88.9 110 94.5 50
(2021) [1]
Patel & Kumar | ABC 85.6 125 91.8 48
(2020) [20]
Thomas & Lee | FA 89.4 105 93.2 47
(2022) [21]
Chen & Zhang | Hybrid PSO- | 89.7 102 94.8 44
(2021) [22] GA
Kumar & Gupta | GA-PSO 86.5 115 92.0 50
(2021) [23]
Reddy & Choi | Improved 87.8 108 93.5 49
(2022) [24] ACO
Singh & Kumar | Enhanced 86.2 123 92.0 46
(2023) [25] ABC
Kumar & Reddy | Advanced FA | 90.0 107 94.0 45
(2023) [26]
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Comparitive Analysis of Proposed Hybrid PSO-GA Scheme with Existing Research
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Results and discussion:

a) Load Balancing Efficiency: The proposed hybrid PSO-GA scheme achieved the highest load balancing efficiency
90.2%. It outperforms the different algorithms, which include the advanced Firefly Algorithm (FA). The reason is that
the mutual reinforcement of the proposed scheme between PSO's global exploration and GA's local exploitation creates
higher efficiency than all the other algorithms.

b) Average Response Time: The proposed PSO-GA algorithm presented the smallest average response time to be 100
ms, which is smaller compared to that of other algorithms including GA and ABC. It, therefore means that hybrid
approach would effectively process tasks faster thus improve overall system responsiveness.

€) Resource Utilization: Using the proposed scheme, with a resource utilization rate of 95.0%, would thus naturally lead
to superior effective usage of the available resources.

d) Convergence Time: Further Proposed hybrid PSO-GA scheme has the shortest convergence time, which is 42
seconds. This implies that, faster than other methods and algorithms like the GA and Chen & Zhang Hybrid PSO-GA
model in 2021, it converges to near optimum solutions.

The comparative analysis as per table 7 and respective graphs highlighted the benefits of the hybrid PSO-GA scheme
potential for development and application in cloud computing environment.

5. Conclusion

This paper explores trends in cloud computing to allow for load balancing optimization through nature-inspired
metaheuristic algorithms. The proposed hybrid algorithm which is combination of PSO with GA showed notable
improvement over traditional methods and other state-of-the-art techniques like PSO, GA, ACO, ABC, and FA. Our
proposed hybrid PSO-GA scheme achieved better efficiency in load balancing, with a minimized average response time
while utilizing resources to their maximum. It also guaranteed to have the minimum convergence time among all the
algorithms in comparison.

With its effective integration of global search capabilities by PSO with the local optimization strengths by GA, the success
of the hybrid PSO-GA approach computing delay and resource utilization. Such improvements allow for better overall
performance within the system, demonstrating the potential of the algorithm to overcome complex load balancing
challenges within the cloud environment.
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