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Abstract: "Cloud computing" refers to internet-based computing on demand and describes an incredibly scalable
technology used by working-class and non-working individuals globally. Fault-tolerant task scheduling is an essential
tool used by end users and cloud suppliers. Finding the best resource for the specified input task presents a key
challenge for fault-tolerant task schedulers. The studies that have already been done have attempted to address each of
these complex issues independently. Still, it is tricky to optimize resources and provide fault tolerance at the same time.
In this paper, an effective hybrid HBA-MAO and hybrid fault-tolerant mechanism in cloud computing are designed to
appropriate task scheduling in VMs without delay and failure. Various tasks submitted by users and virtual machines
are taken as input for the proposed approach. Hybrid Honey Badger Optimization Algorithm (HBA) and Mexican
Axolotl Optimization (MAO) are used in this proposed for priority based optimal task scheduling. These scheduled
tasks are assigned to the VM for execution. A fault-tolerant mechanism is immediately carried out if the tasks are not
completed successfully. The hybrid reactive and proactive fault-tolerant mechanism is used in this proposed approach
for a high level of fault tolerance. The proposed approach attains better performance, like 70 sec of response time, 13%
of resource utilization and 95% success rate. This approach uses resources efficiently by reducing resource consumption,
so it is the best choice for fault-tolerant aware task scheduling.

Index Terms: Mexican Axolotl Optimization (MAO); Hybrid Honey Badger Optimization Algorithm (HBA); Cloud
computing

1. Introduction

The world of collaborative computing is entering a new phase with cloud computing. It is a recent technology that
has grown significantly [1]. With the help of a shared pool of processing and storage resources, cloud computing
customers can access these services through the internet as needed using the pay-per-use model [2]. The internet serves
as the basis of cloud computing and is essential to its operation because devices and servers are connected to one
another. Cloud computing can store and access data online rather than on a computer's hard disc. Cloud computing has
gained great popularity since it is readily accessible, has low expenses for upkeep, and provides constant access to
computing resources from anywhere [3].
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It is good to run programmes on virtual resources, especially virtual machines, to increase cost effectiveness and
scalability. In reality, numerous applications across many domains, including astronomy, finance, and physics, struggle
with the issue of constantly expanding data and complicated computations [4]. Cloud computing can efficiently address
the needs of high-performance computing for certain scientific applications. However, resource failure has emerged as a
key issue for cloud computing as the complexity of large-scale systems grows. There will be at least one daily failure for
a cloud comprising 10,000 extremely stable servers [5]. Additionally, roughly 55 disc drives fail annually, and servers
crash at least twice. What's worse is that data centres frequently use inexpensive commodity technology due to low
production costs, which raises the likelihood of resource failure [6].

Tasks are assigned to computing instances using fault tolerance scheduling, which ensures that tasks be completed
on time, even in the event of hardware or software faults. Fault tolerance is one of the most important elements in
guaranteeing the stability, dependability, and availability of essential functions and operating applications in the cloud
environment. Task failure can occur for various reasons, including RAM overflow, power outages, server crashes, virtual
machine failure, insufficient bandwidth, etc. [7]. Failure of the hardware, software, or time redundancy affects fault
tolerance. With the checkpoint approach, most applications may be enhanced and optimized, but at the cost of significant
latency. To handle fault tolerance, several occupations have used a combination of hardware redundancy and task
repetition. The aforementioned techniques have undesired characteristics and downsides, including the need for repeated
execution, which takes more time and resources, particularly more electricity. Redundancy is still desired in the IaaS
cloud context since response speed is crucial [8].

League Championship Algorithm, which is the initial intelligent system to generate a synthetic championship, first
employs certain idealistic or irrational methods before developing an artificial intelligence process. Results of comparison
with various intelligence algorithms, such as optimization and simulation, demonstrate an optimization process that
quickly reaches the global ideal [9]. In the cloud, this functionality is ready for fault tolerance scheduling and avoids local
trapping. As a result, the cloud system's LCA-based work scheduling was suggested for overall optimization. Other
methods have been effectively used in real-world settings, and they have also investigated the difficulties and potential of
the method. The primary flaw in these approaches is that they don't simultaneously propose task scheduling algorithms
for multiple users while considering VM resources [10]. VM scheduling must be considered throughout the task
scheduling process to guarantee efficient task processing and deliver reliability to the system. In this research, a hybrid
optimization and fault tolerance strategy is proposed to pick the right multiuser VMs in accordance with user needs and
to arrange the tasks on VMs in a suitable way avoiding any lag or loss.

The following summarizes the research's entire contribution:

 An effective hybrid HBA-MAO and hybrid fault-tolerant approach in cloud computing is developed to plan the
VM tasks, avoiding lag or loss correctly.

 Several virtual machines and the tasks submitted by users are taken as input for the proposed method.
 Hybrid Honey Badger Optimization Algorithm (HBA) and Mexican Axolotl Optimization (MAO) are used in

this proposed approach to boost the behaviour of task arrangement.
 A hybrid approach based on the replication impact heuristic is used in the proposed approach to offer excellent

stage tolerance of fault.
 A hybrid strategy can be implemented utilizing the guidelines from reactive as well as proactive approaches.

The remaining sections are arranged as follows: Section 2 presents the most recent fault-tolerant work scheduling
methodology. The proposed strategy and its framework are addressed in Section 3. Experiments and results are provided
in Section 4, and Section 5 concludes the work.

2. Literature Review

Effective fault-tolerant scheduling of tasks in cloud computing is being created using various methods. The
following section reviews some existing fault tolerance task scheduling techniques.

Kumari and Kaur [11] suggested a replication based fault tolerance method to raise the dependability of VM-based
systems. This procedure selects the actual computers on which VM clones can be installed using a process aware of the
data centre's topology. The simulation outcomes show that the proposed methodology offers greater reliability than the
other approaches.

Edwin et al. [12] developed an efficient multiobjective optimized replication management. Different parts of
dynamic, cost-conscious data replication through optimization were suggested, identifying the minimal amount of data
replication information necessary to ensure data availability raises as the replication process scales. Future applications
can improve this by increasing the data availability in each data centre with high replication factors that can be combined
with other fault-tolerant approaches to increase dependability.

Tamilvizhi and Parvathavarthini [13] suggested an original viewpoint on using a fault-tolerant process. To
successfully reduce data availability issues brought on by network traffic in the cloud server's cloudlets, it discusses the
use of cloud servers, cloud selection, health monitoring for fault detection, and migration techniques to tackle faults as
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they arise. Future research will focus on fault-masking techniques that will enhance tolerance even after a defect has
occurred.

Dynamic Fault Tolerant VM Migration (DFTM), a novel technology, was developed by Sivagami and
Easwarakumar [14]. It was created to guarantee the resiliency of the cloud data centre infrastructure using a sophisticated
system for meeting virtual network demands. For the purpose of assessing route traffic, an integer linear programming
model that takes into account all pertinent numerical elements and selects the best VM via the best path was created. An
alternate switch identification technique then determines the new VM migration and routing. But it wasn't centred on
rollback objectives.

Gupta et al. [15] suggested a clever artificial neural network and intuitive method influenced by nature. The fault-
resistant aware ANN algorithm's major goals are proactive performance optimization and reliability testing. This model
works better in a massive data centre.

A powerful and flexible fault-tolerant scheduling technique to enable error-free task scheduling was suggested by
Sathiyamoorthi et al. [16]. For the best QoS, it considers the most important factors, like the failure rate and the present
workload of the resources. Empirical results show that the recommended technique outperforms the benchmark solutions
with regard to of balance of loads and fault tolerance. The performance, though, was poor.

The energy conscious fault tolerant dynamic planning scheme (EFDTS) was created by Marahatta et al. [17] to
optimize resource and energy usage via a fault-tolerant strategy. To reduce the job rejection ratio brought on by machine
failure and delay, replication was utilized for fault tolerance.

According to the literature, numerous systems are designed for fault tolerance task scheduling in a cloud
environment. Based on the articles mentioned above, several significant challenges arise in effective fault tolerance task
scheduling. Data availability in each data centre is low [12], doesn't provide improved fault tolerance [13], doesn't focus
on rollback purposes [14] and low performance [16]. Thus an effective fault tolerance task scheduling is not achieved
using the existing research. So, the proposed strategy focuses on hybrid optimization for task scheduling and a hybrid
fault tolerance approach for effective fault tolerance in cloud computing.

3. Proposed Methodology

The field of distributed computing has entered a new phase with cloud computing. In recent years, this technology
has grown significantly. Cloud computing enables consumers to pay-per-use access to these applications via the Internet
as needed, thanks to a common pool of processing and storage resources. Therefore, the idea of job scheduling is
considered to be a problem that needs to be resolved in the current study activity. An NP-hard combinatorial optimization
problem is task scheduling in cloud computing. It is the technique of assigning tasks to VMs that are appropriate for them
at a particular period. Tasks are assigned to the chosen virtual machines during task scheduling depending on user
requests and requirements. A system with inefficient scheduling has low performance, whereas a system with an effective
scheduling strategy has lower costs and higher performance. The workflow of the proposed approach is illustrated in
Figure 1.

Fig. 1. Workflow of the proposed approach.

Several virtual machines and different tasks submitted by users are initially arranged for the scheduling and
execution process. The tasks are initially scheduled based on its priority, such as makespan, running period and expense
of the multi-cloud. Hybrid Honey Badger Optimization (HBA) and Mexican Axolotl Optimization (MAO) are used in
this proposed approach to enhance the behaviour of task arranging. The best globally best practices are produced by this
hybrid strategy, which combines the benefits of HBA and MAO. These scheduled tasks are assigned to the virtual
machines for execution. A fault-tolerant mechanism is immediately carried out when a task is not completed successfully
(i.e., task failed). This proposed technique adopts a hybrid strategy based on a replication impact heuristic to offer an
elevated degree of fault tolerance. Guidelines from proactive (monitoring) and reactive (replication and resubmission)
procedures can be used to create this hybrid strategy. This basic objective is to employ resources more effectively by
lowering resource usage. This method accepts faults based on a heuristic estimate to decrease resource waste and boost
VM efficiency.
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3.1 Hybrid HBA-MAO for task scheduling

The unpredictable character of task scheduling makes it difficult to identify the best resource. Because it directly
affects the income and flexibility of cloud resource providers, the makespan problem is considered here. It needs to be
avoided, and the system's efficiency needs to be maximized by considering numerous factors. Three primary parts make
up the suggested framework. 1. Task schedulers and users of clouds are connected through cloud brokers. 2. The job of
the task scheduler is to locate the best resource for carrying out a task. 3. The data centre offers a resource to users of the
cloud.

3.1.1 Honey Badger Optimization

The honey badger is a furry creature with fluffy black and white fur well-known for its fearlessness. This medium-
sized dog hunts 60 different species, including deadly snakes, and is a fearless forager (60 to 77 cm in length and 7 to 13
kg in weight). It's a clever, tool-using species that loves honey. It likes to live solitary in self-made burrows and only
contacts with other badgers during mating. The honey badger is divided into 12 recognized subspecies. There is no
specific time to breed for honey badgers because cubs are born all year long. They are sufficiently courageous to face
even greater predators when unable to escape, and they do it without hesitation. This animal also climbs trees to reach
food sources like bird nests and beehives.

A honey badger locates its prey by travelling steadily and slowly while utilizing its capacity to recognize mice.
Before catching the prey, it starts to locate the prey's basic position through digging. In an endeavour to obtain food, it
can drill up to fifty holes in a day over a distance of at least forty kilometres. Despite being preferred by honey badgers, it
is useless for locating beehives. Yet, a bird named Honey-guide can locate the hives but is unable to get honey from them.
A partnership forms between the two due to these occurrences, in which the bird leads the badger to beehives and utilizes
its powerful claws to aid in opening hives. Both then enjoy the results of their combined efforts [18]. The HBA offers
strong exploration capabilities, rapid convergence, and adaptive search behaviour inspired by the foraging patterns of
honey badgers, making it effective for identifying initial optimal task-resource mappings in dynamic environments. HBA
handles the initial task allocation by exploring the search space efficiently.

3.1.2 Mexican Axolotl Optimization

The axolotl's way of life served as the inspiration for the metaheuristic algorithm known as the MAO. It draws
inspiration from the axolotl's development, reproduction, and tissue repair processes and their aquatic lifestyle. The
population of axolotls is split between men and females because they are sex-based animals. Also, take into account that
axolotls can change their hue and that they do so to hide from predators by changing the colour of various body sections.
Replication and Variety [19]. MAO algorithm enhances solution diversity and refinement through mechanisms inspired
by axolotls' self-healing and gender-based evolutionary traits, which help avoid local optima and fine-tune scheduling
decisions. MAO improves the solution through adaptive updates in the optimization loop. HBA-MAO combination
ensures better resource utilization, reduced makespan and execution costs, and supports a fault-tolerant scheduling
mechanism by dynamically reassigning failed tasks, thus achieving high success rates and reliability in cloud computing
environments.

3.1.3 Steps involved in the hybrid HBA-MAO approach

In this, a heuristic algorithm based on a honey badger optimization with a Mexican axolotl optimization is presented.
This proposed hybrid approach consists of four different steps such as initialization, fitness function, updation and
termination. The updating portion of the HBA is replaced with the MAO approach to provide optimal solutions. Step by
step process of this proposed hybrid approach is given below:

i. Initialization

Virtual machines that are dispersed around the data centre are the resources that are initialized in this first phase,
together with a set of tasks.

� = �1, �2, …, �� (1)

�� = ��1, ��2, …, ��� (2)

ii. Objective Function

The major goal is to cut down on wait times and increase resource efficiency for suppliers of cloud services. The
objective function is computed using the formula below:

Makespan: It is the entire duration of a task plan or the amount of time from the start of the tasks to the completion
of processing for all of the tasks.

�������� = �=1
� ���� (3)
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Where � is the task's completion time at time �(�).
Execution time: The system's time spent carrying out a certain task is measured as the completion time of that task.

�� = ��
���

(4)

Where the task's dimension is �� , its computational capability is ��� , and its running time is �� on the virtual
machine, VM(n).

Cost: Total expense incurred in planning a task.

���� = �=1
� ����,��� (5)

Where ����,�� denotes the expense of performing the task �� on resource ��.
The following is the fitness equation for the suggested algorithm:

������� �������� = ��� (�������� + ����) (6)

iii. Updation

Each iteration value is updated to find the best optimal value. Updation of each iteration solution is done by using
the below expression:

��� = ��� + �����, � − ��� ∗ � (7)

��� = ��� + �����, � − ��� ∗ � (8)

iv. Termination

It is the last procedure, which happens once the best solution has been found.

Fig. 2. Flow chart of hybrid HBA-MAO approach.
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The hybrid HBA-MAO algorithm flow chart is given in Figure 2. Using this hybrid optimization method, the tasks
are scheduled based on its priority and assigned to the VM for execution.

3.2. Hybrid Fault tolerant Approach

This considers hybrid architecture when proactive and reactive rules, such as replication and resubmission
techniques, are implemented. This plan calls for increasing fault tolerance while minimizing resource and time loss. The
three steps of this proposed architecture are pre-processing, execution, and resubmission.

A replica heuristic based on replication impact (RI), used to build a separate replica for each task, is calculated when
the client delivers the task to execution. The scheduler then receives information to assign each replica to its
corresponding VM. Likewise, add any changed data to the schedule buffer. The integration of the fault-tolerance
mechanism with the scheduler is effectively formalized, ensuring seamless transitions between proactive and reactive
strategies. The proactive phase, which involves assigning task replicas based on calculated replication impact (RI) scores
to high-reliability VMs, ensures tasks are executed with minimal failure risks. If any replica fails, the system smoothly
transitions to the reactive phase, where the task is resubmitted to a VM with the highest reliability score. This approach is
governed by a well-defined threshold, ensuring that if the failure rate exceeds a set limit, the task undergoes retry
attempts until either successful completion or a defined maximum number of retries. This structured methodology
ensures high fault tolerance, efficient resource utilization, and optimized task execution, making it a reliable and robust
solution for cloud computing environments. The hybrid fault-tolerant method process is shown in figure 3 below.

Fig. 3. Hybrid fault tolerant approach.

Numerous calculations, including those for reliability analysis, execution time, anticipated execution time, and job
status, have been made during the execution phase. When every duplicate or a minimum of one of the exact same job has
a pass status after request execution, the client receives a success signal. Next, the request for the execution phase of the
following task in the schedule buffer is made. The execution phase does, however, communicate a fault tolerance
mechanism (resubmission approach) if every duplicate of the identical task have a failed result. When a task fails, the
fault tolerance algorithm selects a virtual machine (VM) with a high-reliability evaluation score and submits it for re-
running. In the event that the task fails once more, the resubmitting cycle begins, and the task is uploaded another time to
that exact VM. Send it again if they fail once more, but don't submit them more than once. If the client receives an alert
rejecting the submission after the allotted number of attempts, the task itself may be at fault [20].

Algorithm 1: Pseudocode for proposed fault-tolerant tasks scheduling approach
Initialize the number of tasks submitted by users and the number of VM
{
VM= VM1, VM2, …VMn
T= T1, T2, …Tn
# Task scheduling using hybrid HBA-MAO
{

Initialize tasks and VM as an input
Calculate fitness based on makespan and cost using eqn. (6)
Update the function based on MAO using eqn. (7)&(8)
Compute the fitness
If
{
fitness condition is satisfied
End
}
Assign the scheduled jobs to VM.

}
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#Fault detection
{
If
{
Task completed in assigned VMs
End
}
Else
{
Fault identified
}}
#Fault tolerant mechanism
{
Hybrid proactive and reactive fault tolerant
{
Replication
Execution
Resubmission
If
{
Any one of the replica executed
End
}
Else
{
Fault in task
}
}}

4. Results and Discussions

The environment of cloud computing is scattered. The world has been raised by its numerous aspects. These
characteristics include making resources available to customers, speeding up complex calculations, and storing billions of
terabytes of data on storage devices for high-performance applications. Cloud computing is the subject of criticism
despite all these advantages. Utilizing approaches for fault tolerance, all of these tasks must be tolerated. A substantial
amount of agreed-upon fault tolerance has been provided for accessibility and durability performance. The jobs on the
VMs are suitably scheduled in this suggested strategy without any issues or delays utilizing a hybrid optimization
technique and hybrid fault tolerant ways. This proposed method is simulated using Cloudsim simulation tool version
3.0,3, Eclipse IDE, Version: 2021-06 (4.20.0).

Tasks submitted by users and several virtual machines are initially arranged for execution procedure. The tasks are
placed in the queue according to their priority, including their cost, makespan and expense. A hybrid HBA and MAO
approach is used to improve task scheduling behaviour. The tasks are allocated to the virtual machines for further
execution after scheduling. When a task is not completed successfully, the immediately fault-tolerant mechanism is
carried out. A hybrid fault-tolerant approach is used in this proposed approach to provide a high level of fault tolerance.
Reactive and proactive strategies may be employed to achieve this hybrid strategy. Reducing how much resource is used
is the major objective in order to use resources more effectively.

Table 1. Simulation parameters of the proposed work.

Parameter Specifications
Total no. of VM 15
Total no. of tasks 100

Cost 0.5$-2$
RAM 2 GB

Host MIPS 100000
Bandwidth 2000 MIPS
Architecture X64
Task length 1000-3000 MIPS

Host parameters 6821 MIPS
CPU-intensive 50-70 tasks
I/O-intensive 10-30 tasks

Memory-intensive 10-30 tasks
Inter arrival time 1-5 sec

Short tasks 2-5 sec
Medium tasks 6-20 sec
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Table 1 shows the simulation parameters used for this proposed approach. Totally 100 tasks and 15 VMs are
considered for this approach. The cost assigned for each tasks, RAM, task length, bandwidth, host parameters and MIPS
are given in this table.

Table 2. Simulation parameters of HBA.

Parameters Values
Population size 30
Dimension 30

Number of iterations 1000
Lower limit -10
Upper limit 10

Simulation parameters of the honey badger optimization algorithm are given in Table 2. Population size, dimension,
number of iterations, lower limit and upper limit, are considered simulation parameters of this HBA for the proposed
approach. Mexican Axolotl Optimization's simulation parameters are shown in Table 3.

Table 3. Simulation parameters of MAO.

Parameters Values
Lambda value 0.5

Maximum number of functional evaluations 500
Damage probability 0.5
Population size 30

Regeneration probability 0.1
Tournament size 3

Table 4. Numerical analysis of the proposed method.

Input Priority
based Scheduling Fault

Detection

Replication based fault
tolerance Final

OutputTasks Make
span Cost VM

Sche-
duled
Tasks

Assigned
VMs

Failed
Jobs VMs

T0 0.82 0.91 VM0 T22 VM0 Success T66 VM5 Success
T1 0.47 0.74 VM1 T24 VM6 Success T53 VM10 Success
T2 0.96 0.98 VM2 T23 VM1 Success T41 VM0 Success
T2 0.79 0.9 VM3 T34 VM2 Success T15 VM1 Success
T4 0.92 0.96 VM4 T9 VM3 Success T20 VM2 Success
T5 0.68 0.84 VM5 T67 VM4 Success T81 VM3 Success
T6 0.97 0.99 VM6 T37 VM5 Success
T7 0.77 0.88 VM7 T28 VM7 Success
T8 0.89 0.94 VM8 T31 VM8 Success
T9 0.45 0.72 VM9 T93 VM9 Success
T10 0.84 0.92 VM10 T73 VM10 Success
T11 0.47 0.74 VM11 T11 VM11 Success
T12 0.74 0.87 VM12 T60 VM0 Success
T13 0.99 1 VM13 T18 VM6 Success
T14 0.74 0.87 VM14 T65 VM1 Success
… … … … …
T99 0.58 0.79 T13 VM1 Success

Table 4 shows the numerical analysis of each step used in this proposed approach.100 tasks submitted by users, its
corresponding makespan and cost and 15 VMs are considered for this proposed technique. These tasks are initially
arranged based on its priority. Here, the T22 task comes first in the queue. Following that remaining jobs are arranged
similarly. These scheduled tasks are assigned to VM for the execution process. T22 is assigned to VM0, T24 is to VM6,
and all other jobs. In 100 tasks, six tasks, such as T66, T53, T41, T15, T20 and T81, failed to execute in the assigned VM.
So fault-tolerant mechanism is carried out. In this proposed approach hybrid fault-tolerant mechanism is used. After the
fault tolerance process, these failed tasks are executed in other VMs, such as T66 to VM5, T53 to VM10, and all other
failed tasks. Finally, all tasks are executed successfully in any one of the VM.

4.1 Comparison Analysis

The proposed effective hybrid fault tolerant task scheduling (EHFTS) for appropriate task scheduling in VM without
any delay and failure is compared with some existing techniques like hybrid Horse herd optimization algorithm and
Reptile search algorithm (HOA-RSA), Heterogeneous Earliest Finish Time (HEFT), Checkpointing replication based on
clustering heuristic (CRCH) and Maximum Effective Reduction (MER). Response time, total cost, makespan, turnaround
time, waiting time, resource utilization, scheduling time, success ratio, failure rate and throughput are the performances
used to compare proposed and existing techniques.
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Fig. 4. Response time comparison.

Fig. 5. Comparison of total cost.

Fig. 6. Makespan metrics comparison.
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Figure 4 shows the response time metrics comparison of proposed and existing approaches. The response time taken
by the proposed effective hybrid fault tolerant task scheduling (EHFTS) is 70 sec. But the existing techniques, such as
HOA-RSA, HEFT and CRCH, takes response time of 80 sec, 88 sec and 102 sec, respectively. It is high when compared
to the proposed method. Likewise, the total cost metrics comparison of proposed and existing methods is illustrated in
Figure 5. The total cost required by the proposed EHFTS is 85$. But the existing cost is 108$, 120 $ and 124$ for HOA-
RSA, HEFT and CRCH techniques. It is higher than the proposed technique.

Fig. 7. Comparison of turnaround time.

The proposed and existing approach comparison in terms of makespan metrics is shown in Figure 6. The Makespan
of the proposed EHFTS is 70 sec. It seems to be lower than other existing methods. Because it has a makespan of 80 sec,
88 sec and 102 sec for HOA-RSA, HEFT and CRCH, respectively. A comparison of turnaround time metrics for
proposed and existing methods is depicted in Figure 7. HOA-RSA, HEFT and CRCH existing techniques have
turnaround time of 30 sec, 36 sec and 53 sec, respectively. But proposed EHFTS has a 22 sec turnaround time. It is low
when compared to the existing techniques.

Fig. 8. Waiting time comparison.
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Fig. 9. Comparison of resource utilization.

Figure 8 illustrates the waiting time comparison of proposed and existing approaches. The waiting time taken by the
proposed EHFTS is 70 sec. But existing techniques like HOA-RSA, HEFT, and CRCH has waiting time of 80 sec, 88 sec
and 102 sec, respectively. It is high when compared to the proposed method. Similarly, the resource utilization plot for
proposed and existing algorithms is shown in Figure 9. Resource utilization of the proposed EHFTS is 13%. But the
existing HOA-RSA, HEFT and CRCH have resource utilization of 16%, 35% and 52%, respectively. The comparison of
waiting time and resource utilization metrics indicates that EHFTS performs better than current techniques.

Fig. 10. Scheduling time comparison.

A comparison of scheduling time is depicted in Figure 10. The scheduling time taken by the proposed EHFTS is 236
sec. It is lower than the existing algorithms because existing algorithms have a scheduling time of 250 sec, 336 sec and
385 sec for HOA-RSA, HEFT and CRCH, respectively. Likewise, Figure 11 shows the success ratio metrics comparison
of proposed and existing algorithms. 95% is the success ratio achieved by the proposed method. But existing techniques
such as HOA-RSA, HEFT, and CRCH has 91%, 80% and 72%, respectively. It is lower than the proposed approach.
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Fig. 11. Comparison of success ratio.

Fig. 12. Failure rate metrics comparison.

Fig. 13. Comparison of throughput metrics.
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Figure 12 shows the failure rate metrics comparison of proposed and existing approaches. The failure rate of the
proposed EHFTS is 5%. But existing techniques such as HOA-RSA, HEFT and CRCH have 9%, 20% and 28% failure
rates, respectively. It is high when compared to the proposed method. Likewise, the throughput metrics comparison of
proposed and existing methods is illustrated in Figure 13. The throughput value of the proposed algorithm is 7.3 mbps.
But the existing methods have throughput values of 2.6 mbps, 1.9 mbps and 1 mbps for HOA-RSA, HEFT and CRCH
techniques, respectively. It is lower than the proposed technique.

Fig. 14. Execution time comparison by varying no. of VM.

Fig. 15. Response time comparison for different no. of VM.

Execution time comparison for different quantity of VM is illustrated in Figure 14. VM's quantity is increased by 10,
20, 30, 40, 50, 60 and 70. In this proposed approach, 15 VMs are used. The execution time of the proposed approach is
250 sec for 20 VM. It increases when the number of VM increases, similarly to the existing techniques. However, the
proposed algorithm takes a low execution time compared to existing techniques like HOA-RSA, HEFT and CRCH.
Figure 15 shows the response time comparison of various number of VM. The response time of the proposed EHFTS is
80 sec, and existing techniques like HOA-RSA, HEFT and CRCH are 95 sec, 100 sec and 115 sec, respectively. It gets
increased when the number of nodes increases. However, the proposed approach's response time is low compared to
existing methods.
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Fig. 16. Comparison of total cost by changing VM quantity.

Fig. 17. Resource utilization metrics comparison by varying no. of VM.

A comparison of the total cost for different quantity of VM is depicted in Figure 16. The total cost required by the
proposed EHFTS using 20 VM is 100 $. Likewise, existing HOA-RSA, HEFT and CRCH have total costs of 125 $, 140
$ and 145 $ for 20 VM. When the number of VM increases, the total cost increases for proposed and existing techniques.
Resource utilization metrics comparison is shown in Figure 17. The resource utilized by the proposed EHFTS using 20
VM is 17%. Similarly, the existing HOA-RSA, HEFT and CRCH have 20%, 38% and 54% resource utilization. When
the number of VM increases, resource utilization increases for both proposed and existing algorithms. However, the
proposed approach is lower than other existing algorithms.

Fig. 18. Comparison of makespan metrics for various no. of tasks.
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Fig. 19. Turnaround time comparison of different no. of tasks.

Makespan metrics comparison for various quantity of jobs is shown in Figure 18. Number of jobs considered for this
comparison is 100, 200 and 300. The Makespan of the proposed EHFTS is 70 sec. Likewise, existing HOA-RSA, HEFT
and CRCH have 80 sec, 90 sec and 102 sec, respectively, for 100 tasks. It gets increase when the number of nodes
increases. But the proposed approach attains a low makespan in all scenarios. Likewise, Figure 19 shows the turnaround
time metrics evaluation. The turnaround time of EHFTS is 22 sec. This get increases with task quantity increases for
proposed and existing algorithms. However, the proposed algorithm takes a low turnaround time compared to existing
algorithms.

Fig. 20. Comparison of waiting time by changing no. of jobs.

Fig. 21. Failure rate for different no. of jobs.
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The evaluation of waiting time metrics in different number nodes is depicted in Figure 20. The waiting time of the
proposed EHFTS is 220 sec, and existing HOA-RSA, HEFT and CRCH are 232 sec, 242 sec and 250 sec, respectively,
for 150 tasks. Waiting time increased correspondingly with the number of tasks increases. It is the same for both
proposed and existing algorithms. But the existing approaches takes a higher waiting time than the proposed algorithm.

Fig. 22. Cost comparison for no. of. VMs.

Similarly, Figure 21 shows the failure rate comparison in various scenarios. The failure rate of the proposed EHFTS
is 10%. Likewise, existing HOA-RSA, HEFT and CRCH have 17%, 17% and 34%, respectively, for 150 tasks. However,
when the number of tasks increases, the failure rate increases for proposed and existing algorithms.

A comparison of the total cost for different quantity of VM is depicted in Figure 22. The total cost required by the
proposed EHFTS using 1000 VM is 0.42× 104 $. Likewise, existing HOA-RSA, HEFT and CRCH have total costs of
0.38× 104 $, 0.40 × 104 $ and 0.35× 104 $ for 1000 VM. When the number of VM increases, the total cost increases for
proposed and existing techniques.

Fig. 23. Makespan comparison for varying no. of. Tasks.

Makespan metrics comparison for various quantity of jobs is shown in Figure 23. Number of tasks considered for
this comparison is 1000-5000. The Makespan of the proposed EHFTS is 974 sec. Likewise, existing HOA-RSA, HEFT
and CRCH have 890 sec, 920 sec and 952 sec, respectively, for 1000 tasks. The makespan increase when the number of
tasks increases.

Fig. 24. Convergence graph for the proposed model.
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Figure 24 shows the convergence graph for the proposed model. The fitness comparison for various iteration, the
hybrid HBA-MAO, HBA and MAO methods are used. The proposed hybrid HBA-MAO perform better than HBA and
MAO models.

Fig. 25. Total cost comparison for different memory usage.

The evaluation of total cost in different memory usage is depicts in figure 25. The proposed EHFTS achieve 500 Mb
memory in 100$ the existing methods like HOA-RSA, HEFT and CRCH achieve 120$, 138$ and 145$. The memory
usage increases, the total cost increases for proposed and existing techniques.

Fig. 26. Total cost comparison for different bandwidth.

The evaluation of total cost in different bandwidth is depicts in figure 25. The proposed EHFTS 1000 MIPS
bandwidth achieve in 70$ the existing methods like HOA-RSA, HEFT and CRCH achieve 90$, 108$ and 125$. The
bandwidth increases, the total cost increases for proposed and existing techniques.

Table 5. Statistical analysis for system performance in proposed model

Performance F-statistic P- value Mean Std Min Max
CPU usage 86.58 2.0201535104794102e-12 77.666667 2.516611 75 80

Memory usage 76.07 3.2149169695123357e-20 1024.666667 25.006666 1000 1050
Throughput 569.53 4.8727835099222685e-36 15.766667 0.251661 15.5 16.0
Bandwidth 469.70 5.9572770218302263e-53 102.333333 2.516611 100 105

Table 5 evaluate the statistical analysis for the proposed model. It has F-statistic, P- value, Mean, Std, Minimum,
and Maximum. The CPU, memory, throughput and bandwidth parameters are used in this method. The proposed model
delivers consistent and reliable performance across all evaluated parameters.

Table 6. Comparison of the proposed with various start of the art method

Methods Makespan Resource utilization Throughput Success rate
LBMPSO [21] 108.87 sec 61.5% - -
AdPSO [22] 5089 sec - 1.6 tasks/sec -

IWHOLF-TSC [23] 1054 sec 36.837%, - 86%
HBA-MAO (Proposed) 70 sec 13% 7.3 mbps 95%

Table 6 illustrate the comparison of the proposed with various start of the art method for task scheduling algorithm.
The existing methods are load balancing technique by using modified PSO (LBMPSO), Adaptive Particle Swarm
Optimization (AdPSO) and Improved Wild Horse Optimization with Levy Flight Algorithm for Task Scheduling in cloud
computing (IWHOLF-TSC). The proposed HBA-MAO perform better than existing methods.
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5. Conclusion

In cloud computing, resources are automatically provided periodically and provided to users on demand in an open
way. Failures during performing tasks are no longer unintentional; rather, they are a typical occurrence in cloud
computing environments. While fault tolerance has received some attention recently, various intelligent planning
strategies have been employed to address job scheduling concerns in the cloud. An effective hybrid HBA-MAO and
hybrid fault tolerant strategy in the cloud was developed to arrange tasks in VM without any failure and delay. Different
tasks submitted by users and several virtual machines were considered input for the proposed approach. These tasks were
initially scheduled based on makespan, execution time and cost of multi cloud using hybrid honey badger optimization
and Mexican axolotl optimization. Then the scheduled tasks were assigned to the virtual machines for execution. When a
task is not completed successfully, the immediately fault-tolerant mechanism is carried out. A hybrid technique on the
replication effect criterion was used in this proposal. Rules from reactive and proactive tactics were employed to carry
out this hybrid strategy. This proposed approach was tested in the Cloudsim tool and attains better performance like 283
sec execution time, 70 sec of response time and makespan, 13% of resource utilization and 95% of success rate, 5%
failure rate and 7 mbps than existing methods. Thus, using this approach, all tasks given by users are scheduled and
executed without any failure. Further research may take into account flexible policies and robust methodologies.
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