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Abstract

Financial cloud computing is based on the virtualization technology paradigm, which has recently
gained prominence in the information technology (IT) industry. The resource allocation in the
existing system is not guaranteed, and convergence problems occasionally cause the process to move
slowly. Consequently, there has been a notable decline in the overall efficacy of financial cloud
computing. In this work, new methods are presented to improve the financial cloud. The three main
stages of the proposed system are resource allocation, load balancing and cost-effective virtual
machine (VM) migration. To enhance load balancing, this study employs the Enhanced Weighted
Round Robin Algorithm (EWRR) technique. Load balancing is achieved by shifting workloads from
overloaded to underloaded nodes. The Differential Evaluation-based Bat Algorithm (DEBA)
efficiently chooses more optimal resources to accomplish the optimal resource allocation in the
financial cloud. Resolute Support Vector Machine (RSVM) technique is utilized to Provide Cost-
effective VM migration. The simulation's findings show that the recommended DEBA-EWRR
algorithm performs better than existing techniques due to advancements in throughput, Makes pan,
Fitness score and resource utilization.
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1 Introduction

Public and private services can be accessed using the technology known as financial cloud computing
Chitra et al., (2023). Some of the services offer scalable online storage services in place of physically
stored files on users' computers or phones and easy access to data, applications and files over the internet
(Akhtar et al., 2021). Essentially, load balancing involves distributing network traffic that arrives at
multiple servers to prevent any one of them from becoming overloaded (Chahlaoui et al., 2019).
Financial cloud computing, which offers pay-per-use services to customers anywhere at any time, has
replaced traditional computer technologies due to the explosive rise of information technology (IT)
(Zhang et al., 2022). This provides users with quicker responses and more dependable service by
guaranteeing that web pages and applications can handle high amounts of requests and do so properly
(Mittal et al., 2021). For service providers, financial cloud computing offers significant benefits in terms
of ease of use, energy efficiency and low resource management costs built on virtualization technology,
which has no restrictions on computer resources (Bello et al., 2021). The “Internet of Things (IoT)” has
made it achievable for billions of devices, such as actuators, sensors and other items, to connect to the
Internet (Iyer & Trivedi, 2023). The enormous volumes of processable data produced by these devices
could strain available processing and storage capacity (Guo et al., 2021). Storage and processing
limitations have vanished with the introduction of financial cloud computing. Financial cloud computing
workloads and data volumes have increased in the last ten years (Lynn et al., 2020). The purpose of this
research is to enhance financial cloud computing performance through resource allocation, load
balancing and cost-effective VM migration using DEBA, EWRR and RSVM approaches.

The following sections comprise the study. Section 2 includes the relevant work. Section 3 contains
a detailed explanation of the procedures. The results of the study are shown in Section 4. There is a
conclusion in Section 5.

2 Related Works

Brahmam, (2024) suggested a load-balancing & Energy-Efficient Migration Model that uses cutting-
edge security features and bioinspired algorithms to optimize VM migrations (Wu, 2024). Jyoti &
Shrimali, (2020) suggested a novel strategy involving load balancing & service brokering to enable
dynamic resource supply. Load balancing was used by the Local User Agents to boost throughput.
“Dynamic Optimal Load-Aware Service Broker (DOLASB)” was employed in the Universal Client
Agency to plan tasks, and “Multi-agent Deep Reinforcement Learning-Dynamic Resource Allocation
(MADRL-DRA)” was used for task allocation. A load-balancing strategy for maximizing data center
resource usage and electricity consumption was given (Kumar et al., 2021). The approach used a genetic
algorithm to try and get a rough estimate of the answer. The resources of the Cloud-Fog environments
can be distributed according to the needs of Internet of Things devices connected at the cloud edge using
a dependable scheduling scheme, as proposed (Alqahtani et al., 2021)(William et al., 2025). The
approach accounts for resource load balancing by classifying requests are urgent, critical or time-
tolerant.

Jena et al., (2022) presented a novel approach to dynamic balancing of load across VM using the
hybridization of an improved Q-learning algorithm, known as QMPSO, and “modified particles swarm
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optimization (MPSO).” Devaraj et al., (2020) presented a revolutionary load-balancing algorithm called
the “Firefly Improved Multi-Objective Particle Swarm Optimization (FIMPSO)” technique. The Firefly
(FF) method was utilized to narrow down the search space, and the IMPSO technique was employed to
locate the increased response. Li et al., (2020) proposed the replica allocation strategy and a resource
management approach for an edge computing framework (Abdullah, 2024)(Rahim, 2024;Uvarajan,
2024). The replica management method consists of consistency preservation & replica allocation
algorithms.

3 Methodology

In financial cloud computing, the Enhanced Weighted Round Robin Algorithm for Load balancing. The
Differential Evaluation-based Bat Algorithm for resource allocation and the Resolute Support Vector
Machine for providing the cost-effective VM migration are used in this work. Figure 1 displays the
methods research used in this study.

Load balancing

Enhanced Weighted Round
Robin Algorithm

Resource allocation

Differential Evaluation-based
Bat Algorithm

Cost Effective VM Migration

Resolute support vector
machine

Financial Cloud Storage

Figure 1: Flowchart of Suggested Methods

3.1 Architecture of the System

The system model used in this work has VMs, financial cloud users, CPU, memory use, tasks, and
resources. A set of programs and apps is specifically designed to be executed by a financial cloud
infrastructure to fulfil predetermined duties. Utilizing specific financial cloud resources is required for
the implementation of these initiatives. The placement of VMs is crucial to maximizing the usage of
data center resources. Every host in the data center can switch between the active and sleep states. The
host does not have a sleep state assigned to it; instead, it is in the active state meaning which is reserved
for functions involving execution. Based on variables like processing power, memory, & storage
capacity, it is divided into numerous types of finite VMs.
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3.2 Enhanced Weighted Round Robin Algorithm for Load Balancing

Providing an even distribution of the workload among the processing nodes is the load balancer's
responsibility. Figure 2, shows the flow of the Enhanced Weighted Round Robin Algorithm. Load
balancers are responsible for moving duties from overloaded VMs to less loaded ones, and if VMs detect
any VMs to be overloaded. By managing and varying VM workloads in the network, the WRR load
balance strategy, which enhances weighted robin algorithms, becomes the enhanced WRR load balance
algorithm. The main problem with the WRR load balance method is always assigns the right VM to each
incoming request, regardless of the user's request size. In order to determine which VM should be
assigned to the next job to be completed, the suggested technique takes into account the load of VMs,
processor capability and task duration. The enhanced WRR load balancing method consists of two parts:
dynamic and static load balancing. While the dynamic load balancing portion uses the load on each VM
and capacity information to determine the assignment of workloads to the proper VMs, the static method
assigns VMs depending on their processing capability. The load balancer is in charge of determining
whether VMs are underutilized, overloaded or idle. The load balancing cannot distribute tasks amongst
occupied VMs. Based on a work that takes to complete, the Enhanced RR load balance algorithm
determines which VMs to assign tasks or map incoming requests. The duration of an incoming task is
used to compute the waiting period of the tasks, which is the first stage.

Waiting Period = ¥5_,K « U (1)
The waiting period of every VM is determined in Equation (1) by multiplying the Cloudlet length by
the execution time. Equation (2) is utilized to determine the VM's waiting time upon receiving a request
of length L.

Execution time = —— 2)
VMp

VM capacity is defined in IPS (million instructions per second), while S is evaluated in MI (million
instructions). Once the load balancer has collected the task wait times from each of the virtual computers
that have been built, it starts to prepare itself. The process of mapping involves selecting the task from
VMs with the longest waiting periods, identifying the most suitable VM for the task from each VM list
and allocating the incoming job to the selected VMs according to the waiting time. Rearranging the
order is how load balancing works, and the waiting time is determined by the VM's load. Figure 2 depicts
the step-by-step process for using the algorithm.
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Figure 2: Flow chart for the Enhanced Weighted Round Robin Algorithm

3.3 Resource Allocation

In the financial cloud, to enhance the resource allocation process, research presented the novel method
called Differential Evaluation-based Bat Algorithm.

3.3.1 Differential Evaluation (DE)

It is a population-based meta-heuristic approach. It mostly uses an evolutionary approach to enhance an
ideal answer. This technique finds vast development zones quickly and requires few assumptions about
fundamental optimal solutions. DE is a feature optimization technique that depends on the population
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and highlights individual differences. It primarily creates a community of hard issues to identify the
optimal solution. Simply said, upon the initial condition, DE repeatedly performs crossover, mutation
and selection procedures. For a given problem, the DE technique selects vectors of features with the
highest fitness value and creates a path variable.

3.3.2 Bat Algorithm

A popular meta-heuristic based on nature that is used for global optimization issues. The echolocation
patterns of miniature BATs with pulse & noise levels are the driving force behind these techniques.
There are around a thousand species of BAT, with sizes varying from 1.6 mg to larger. Echolocation is
usually used by BATSs. They can function because they have good hearing but poor vision. They also
identify insects at night using an echolocation approach. Pseudo code 1 depicts the Bat algorithm
process.

Pseudo code 1. Bat Algorithm

Initialization: Let initial population Pxi, Pulse Prxi, Velocity

Vxi, frequency Fxi, Loudness Lxi

Begin

Set the maximum number of iterations and repeat till the max
While (Current_iteration < max)

Obtained a solution by changing the position, velocity, and frequency
If (random > Prxi)

Choose an optimal solution from all available solutions Produce a temporary solution
in front of the optimal solution End if,

If (random < Loudness Lxi) && (F (Pxi) < F (Px*)
Accept the new solution and increment Prxi and Lxi
End if,
Allocates ranking to all the Bats and obtained an optimal solution, Pxi
End while
Post-process the outcomes
End

3.3.3 Differential Evaluation-based Bat Algorithm

The Bat Algorithm (BA) framework is used in the "Differential Evaluation-based Bat algorithm," which
provides a novel approach to resource allocation by leveraging Differential Evolution (DE) to improve
performance. The goal of this hybridization is to solve problems with resource allocation optimization.
Differential evolution integrates crossover and mutation processes to improve exploitation and
exploration capabilities, while the bat algorithm offers a metaheuristic optimization technique based on
the echolocation behavior of bats. The recommended method blends different techniques to maximize
resource distribution. Following the initialization of the bat population, the algorithm carries out
repetitive search operations where the bats interact with their surroundings and with one another,
constantly shifting their locations in an attempt to optimize a target function that indicates resources are
allocated. Such as Differential operators for crossover, mutations and selection, Differential Evaluation
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provides the bat search approach. The algorithm looks for the best answers by effectively allocating
resources and striking a balance between exploration and exploitation through this synergistic
combination.

3.4 Resolute Support Vector Machine for Cost-effective VM Migration

The following principles underlie the operation of support vector machine theory. Given n sample-label
pairs (S = (W}, z), (i = 1,2,..,n), atraining set (w; € R)and a class label (z; € { — 1,+ I}) for the
classification problem. The hyperplane is created using the formula w’w + b = 0 (where "b"is a bias
factor and "w" is the vector of hyperplane coefficients) to maximize the distance between the support
vectors (the closest data points) and the hyperplane. To do this, we use the training of classifiers to find
the hyperplane that can distinguish positive (+/7) values from negative (—/) data. One must solve an
optimization issue to get the ideal separation hyperplane w™w + b = 0.

. 1
ming, 3|l

(3)
s.t. Zj(< w,w;j > +b) > 1

Finding a hyperplane that can accurately and fully separate data points in some applications is
challenging, though. The prediction model's capacity to be generalized may be reduced by overfitting
caused by a complex categorization hyperplane. The problem is rewritten as follows in order to get
around this challenge.

. 1
ming p ¢ 3||w||2 +DYL g @)
s.t. Zj(< w,w; > +b) =1-¢,j=11..,m

The term "slack variable” refers to € and D It is a punishment coefficient.

But in real-world tasks, it happens that the data are partially separated. To solve the nonlinearity
problem, research need to project the original data into a space with high dimensions using the nonlinear
mapping @,,. In the high-dimensional space, the data may be separable linearly. The Lagrange technique
can be used to solve both equation (3) and (4) in dual form. The dual form in a nonlinear instance is:

moin X — éZjZi a; a; z; z;(D(w;), D(w;) >g )
sit. 0<a; < D,Zjajzj =0
The Lagrange multiplier is represented by a;. The ultimate decision-making function is
class (w) = sign (3; aj z; =< ©(w;), ®(w) >g+b (6)

The inner result of K(w,z) =< d)(wj), ®(w) > The definition of kernel operation, the
fundamental unit of an SVM. Considering the support vector and the new data, the kernel determines an
indication of similarity or difference. The dot product is the similarity metric used for a linear SVM or
linear kernel because distance represents an exponential coefficient of the inputs. Other kernels, such as
radial basis function and polynomial kernels, can be used to convert the space being input into higher
dimensions in equation (5) and (6).
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4 Result

To assess the effectiveness of the proposed methodology, use quantitative indicators such as Fitness
score, Makespan and resource utilization. The suggested method's efficacy is assessed by contrasting it
with the existing techniques, namely Swarm optimization (Raghav & Vyas, 2023), Ant Colony
optimization (ACO) (Raghav & Vyas, 2023), and Hybrid BirdSwarm_ACO optimization (Raghav &
Vyas, 2023).

4.1 Configuration of a Virtual Machine

The configuration for the VM is as follows: There are 10 VMs in total. Each VM has an image size of
10000 MB and is equipped with 512 MB of RAM. Each VM has 250 million instructions per second. A
1000 Gbps bandwidth allotment has been made. The name of the VM is ‘Xen’. Each VM has 1 Million
Processing Element per Second (M_PES).

4.2 Makespan

Makespan shows the time required to finish all tasks provided to the system in a certain amount of time.
The total time required to complete every task submitted to the system value that it represents. The term
"system makespan" refers to the maximum duration that the host needs to operate in the data center.
Figure 3 shows the makespan value of the proposed and existing approaches. The evaluation of the
system's makespan (MS) is displayed in equation (7). Comparative result shows our proposed method
performs better than existing methods.

MS = max {TaskCT (h))|h = 1,2,..p; 1l = 1,2,..0} @)

@ Swarm Opsmzation
74 I+ @ ACO Optimezation

& Hybnd_BSwarm_ACO Optimizaton
@ DEBA-EWRR [Proposed]

Makespan (Seconds)
ES

“o

0 5 10 15 20 25 30 35 40
Number of tasks

Figure 3: Result of Makespan

4.3 Fitness Score

Evaluation of a resource's suitability for managing a specific task. A few of the factors that are typically
considered while computing the fitness score include the resource's capability, availability, and current
load. Figure 4, shows the Fitness score for the proposed and existing approaches. A comparative analysis
reveals that our suggested approach outperforms existing approaches.
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Figure 4: Result of Fitness Score

4.4 Resource Utilization

In order to attain maximum productivity, resources must be efficiently allocated and managed. This is
known as resource utilization. In order to accomplish organizational objectives while reducing waste
and expenses, it entails evaluating and optimizing the use of a variety of assets, including labor, funds,
resources and technology. Figure 5 shows the resource utilization result of the proposed and existing
approaches. Our suggested approach outperforms the existing methods, according to the comparative
findings.
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Figure 5: Result of Resource Allocation

4.5 Throughput

The rate of successful data processing or transmission in a system, connection, or equipment during a
given time frame is referred to as throughput. “Bits per second (bps) or transactions per second (tps)”
are common units of measurement for this quantification of data transmission or processing volume.
High throughput is an indicator of effective operation. Figure 6 shows the throughput result of the
proposed and existing methods. Based on a comparative analysis, our suggested approach outperforms
the existing approach.
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5 Conclusion

In financial cloud systems, performance optimization requires effective load balancing & optimal
resource allocation to provide a fair distribution of computational activities, improve system stability,
and minimize latency. The paper introduces new algorithms, the DEBA and the EWRR, that are aimed
at improving load balancing & resource allocation in financial cloud computing. These algorithms
address difficulties in reaching the best possible resource usage requirements when combined into a
three-phase system. Workload balancing is made easier by the EWRR technique, and enhancing
resource allocation is optimized by DEBA. The RSVM technique is applied to improve the cost-effective
VM migration procedure. The DEBA-EWRR algorithm provides better performance, cost-effectiveness
in financial cloud environments, according to simulation research. Larger-scale DEBA and EWRR
implementation may provide scaling issues, and depending on simple assumptions, may not properly
depict the dynamics of real-world financial clouds, requiring additional empirical validation. Further
studies could examine flexible algorithms customized for constantly changing financial cloud settings,
incorporating all-encompassing security protocols to tackle ever-changing risks.
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