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Abstract. Cloud computing has acquired colossal interest. Here resources are observed as services; hence employment of it in an organized
manner is performed in two integral parts, i.e., asset provisioning as well as process organizing. Workflows are big data applications in the
distributed community. Cloud infrastructures' flexibility makes them an appropriate choice for scientific workflow computations. An
effective task scheduling technique must determine the order of tasks in the workflow for processing so as to satisfy the needs of the client.
Most of the procedures concentrate on upgrading resource usage and fulfilling the QoS. Furthermore, these workflow computations require
more computing power and the energy consumed to meet those requests are neglected. This fact persuaded us to present an Enhanced Salp
Swarm Algorithm (ESSA) for scheduling scientific workflows with energy consciousness. On evaluating the potentiality, the proposed
ESSA scheduling technique outperformed three other approaches in the simulation of synthetic scientific job trials. The solutions portray

reduced execution time and energy usage by raising total resource consumption and employment.
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1 Introduction

A cloud domain structured by numerous resources and
services is in demand from people and firms. It delivers the
clients with exceptionally versatile software and hardware
via the Internet. [1] The different cloud services and models
offer a better option for executing scientific and big data
workflows. [2] In the current trend, organizations are
information-driven, and the cloud domain data centers are
infrastructure paramount. Virtualization innovation is a
crucial concept in resource utilization and keep-up the on-
demand service model of the cloud. It allows the possibility
of operating numerous Virtual Machines (VMs) inside the
configuration of one Physical Machine (PM). The huge
growth in computing requests is owing to the rapid expansion
of cloud applications. It becomes unbearable for the cloud
data center because of the increased utilization of energy
while satisfying the requests for extensive resources. [3] The
cloud services and the Service Level Agreements (SLAS) are
correlated. There, preserving a deal linking power utilization
and execution is critical.

A workflow is characterized by assembling several atomic
tasks with data dependency [4]. Processing large-scale tasks
usually have the demanding aspects. An application consists
of a succession of interdependent phases, and each step
includes a considerable count of autonomous jobs where
there might be data exchanges among jobs of various phases.
A workflow is expressed in Directed Acyclic Graph (DAG).
Here jobs are mapped as nodes and the edges show the data
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dependency. The jobs are then doled out to processors
utilizing a planning technigue and this process of delineating
is NP-hard [5]. A crucial problem in cloud-based process
computation is the budget limitation specified by the cloud
clients. The high data dependency in the tasks in the
workflows and the movement of data from one resource to
another provisioned resource increases the expenditure. To
deal with the huge expansion in the request for workflow job
assignments and ensure negligible energy cost, the data
centers are in need of energy-conscious techniques for the
cloud assets. However, the current research community is
focusing on the development of techniques that concentrate
on improving performance and energy without SLA
infringement. In this environment, the provisioning of jobs to
the resources by fulfilling the QoS terms is a crucial one,
especially in the case of large-scale scientific complex
workflows. [6] As of late, much research concentrates out on
the effective consumption of cloud assets and decreasing
energy utilization. Most prominently, the research works [7,
8] have utilized empirical techniques to determine the
limitations in workflow planning. Still, more improvement is
required in energy-conscious provisioning techniques
without asset wastage. Therefore, this paper focuses on
designing an energy-conscious scheduling technique
coupling with VM compute capacity in budget constraints.

This paper is designed in this manner. Section Il shows some
related research works. Section Il proposes the optimization
method for budget workflow scheduling. Section IV explains
implementation and the outcomes. Finally, sections V
presents the conclusion and future avenues.
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2 Related work

The pace of study on the road to cloud computing is
developing as surveyed over the years. [9] Ahmed et al. [10]
and Zhang et al. [11] summarized the cloud environment and
focused on managing the assets of the cloud. On the report of
the work accomplished by Jennings [9], it is a herculean task
managing the diverse assets of cloud data centers, the
changing and unconventional load, in addition to the various
requirements.

Niloofar et al. [12] remarked that multiple variables are
responsible for influencing the performance of a scheduling
mechanism. Hence, assessing the provisioning procedure
with respect to one variable is not adequate. Hence, we
consider in this paper four different variables for the
evaluation of the suggested technique.

Numerous workflow provisioning techniques concentrated
on improving the execution time and the price factors [13].
Zhou, Xiumin, et al. [14] presented Heterogeneous Earliest
Finish Time (HEFT) approach to reduce the price and the
execution time of the workflows. DAG splitting strategy in
[15] for big data workflow job provisioning minimizes the
price by raising the VM use. A list-based system in [16]
offers the timeliest execution time. It is seen that these
operated on bi-objective streamlining issues; still not tend to
the energy objective.

The latest experimentation works considered various
methods to reduce the energy usage of the work process job
provisioning in clouds. In [17], an energy-aware procedure
for deadline-limitation workflow, making application of the
DVFS (dynamic voltage and frequency scaling) procedure, is
presented. By fulfilling SLAs, the cost and utilization of
resources were also taken into account in this case..

A Game-Score simulator is presented in [18] for setting up
aligned jobs. It is an exchange connecting energy utilization
and execution time. Li, Chunlin, et al. [19] suggested a
disseminated cloud that improves asset usage by computing
the job processing time. A multi-goal technique in [20]

reduces price and execution time and improves asset usage
using PSO.

The PESVMC procedure [21] united the VMC issue with the
VM provisioning to set up the work process jobs. Li,
Zhongjin, et al. [22] presented a price and energy-economical
technique consisting of orderly and parallel job combing,
VM reoperation and slack methods for conserving power.

Yao et al. [23] devised a job replication-type provisioning
technique that creates a budget for every job and gives a
proportional budget. The TDSA uses idle slots to duplicate,
improving the time and asset utilization. Long et al. [24]
suggested energy organized VM opening method where the
picking of VM's is viable within the specified standards.
Static ones are pitched using this method, which lowers
energy utilization.

An ACO algorithm VM provisioning presented in [25] used
the vector algebra for VM consolidation that minimized the
energy consumption and increases the asset usage. R. Medara
and R.S. Singh [26] presented a trustworthy and power
conscious water wave technique to proficiently use VMs to
conserve energy. But, real world workflows were not
experimented in evaluation.

Sripavithra et al. presented a cost-based work duplicate
technique Enhanced Salp Swarm Algorithm (ESSA) that
reduces the overall functioning time as well as improves the
asset allotment [27].

Proficient planning and provisioning are crucial for improved
asset usage at a diminished price in the cloud and satisfying
the QoS goals. The present provisioning schemes analyze the
processing time and the expense; however, different extra
attributes should likewise be regarded. It is essential to make
an energy-productive planning to diminish energy utilization.

3 System Model

Fig. 1 displays the overall procedure of the proposed
technique.
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Fig. 1. Proposed Methodology

The following is this technique's primary goal:

a. Construct a budget allotment procedure to
continually allot sub-allocation for every unprovisioned
process to eliminate the one-side data transmission since they

are costly. This guarantee the complete budget of the
provisioned tasks to use pricey assets to improve the process
completion of the unprovisioned jobs.
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b. Enhanced Salp Swarm Algorithm optimizes the
execution time and fulfills the QoS standards. A Virtual
Machine's (VM) computing ability is connected to CPU and
memory. Also, a job's memory utilization is inspected for
tasks in the schedule, and the job's processing period is
estimated on its processing and storage.

C. A mechanism to reproduce a job’s descendants for
suggesting duration on matching assets, thereby improving
the processing period by managing the sub-expense criteria.

3.1 ESSA Algorithm

Basic Salp Swarm Algorithm (SSA).

Salp Swarm Algorithm (SSA) is a newly founded swarm
optimization strategies by Mirjalili et al. [28] in 2017. Salps
are associates of the Salpidae family and possess a light
cylindric structure. They are identical to jellyfish in build and
motion by pumping water via their body. SSA is inspired by
this action and foraging mannerisms and it is known as
swarming mannerism of the salp chain. The population of
tiny organisms is split as leaders and supporters. The leader

is the first in the chain and the supporters track it. The head
salp revises its place by Eqn. (1) in the pursuit procedure for
food:

y;11 ((ubj-Ib)) xry+lb;) 13> 0,
)

here the x; denots the place of the foremost organism in the
i" dimension, whereas y; is the food place in the i
dimension. Ibi and ub; define the smallest and the highest
boundary of the i™" dimension, and ry, 1z, rs are three random
numerals.

- {yi"’fl((Ubi'lbi)szHbi) 3<0,

i

And r1 occupies the chief position and is given as

2

r1=2e'(%) 2

here L is the greatest repetitions, | is the present repetition,
and ry, rz are random numerals between [0,1]. Eqgn. (3) is used
to update the followers place.

x= A+t ®)

Sfinal

Here j>2, xij denotes the place of the j" salp in the i dimension, t is the period, &, is an starting speed and A = - where

X=X
§=—2

t

0

Algorithm 1: Salp Swarm Algorithm (SSA)

Need: Load the species society xi(i =1, 2, ..., n) use UB and LB.

Repeat(Termination state never met)

Compute the fitness of every forage exploring salp

F=the prime exploration result

Revise rl using Equation (2)

for each salp (xi)

if (i==1)

Revise the place of the foremost salp using Equation (1)
else

Revise the place of the supporters salp using Equation (3)
end

end

Confirm the place of salps using on the highest and smallest bounds

end

return F

SSA is a strong, elastic and flexible algorithm appropriate for
numerous optimization situations in a fair performance
duration [29]. It has a straightforward design and quick
processing pace. It could obtain substantial outcomes on
target procedures with more occasional best solution. Yet, it

has inadequate search capacity and can easily bow out from
best answers, so this acts badly on multiple target processes.
Similarly, its unjust proportion of search and utilization is
also a notable drawback. In order to address this issue, a
mutation operator inspired by the quasi-oppositional learning
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technique proposed by Rahnamayan et al. (2007) is
introduced in this research. This operator aims to boost group
variety and the search capability of SSA. The quasi-mutation
operator modifies the positions of salps to explore the search
space more effectively.

X1 = rand (X£, X?) (4)
Xgnax+Xirr1in

Xf="—" (®)

X = X[ 4 X — X, (6)

The quasi-opposite individuals are generated based on the
leap rate (Lr), where Lr determines the extent of changes in
the search space. A smaller Lr leads to faster convergence but
may not reach the global optimum, while a larger Lr takes
more time to converge due to the expanded search space. To
address this, an adaptive leap rate is introduced in the
research to balance convergence speed and global

optimization. This adaptive approach aims to prevent
premature convergence by initially allowing significant
changes and gradually reducing the leap rate over iterations,
thus improving the algorithm's convergence rate and
effectiveness in finding optimal solutions.

Ly max—Lrmin .
L.-=1L — ——— X Iter 7
r r.max itermax ( )

where, Ly max= 0.5, L min= 0.01, itermax denotes the
maximal repetition, and iter indicates the ongoing loop. To
avoid premature convergence Lr is high at the starting and it
is progressively reduced inorder to build on the merging
value.

The suggested technique uses the conventional SSA with the
integration of quasi-oppositional learning-based mutation
along with the adaptive leap rate, hence, it is called as
Enhanced Salp Swarm Optimization Algorithm (ESSA). The
algorithm of the suggested ESSA is below.

Pseudo code 2: Enhanced Binary Salp Swarm Algorithm

2. for iter =1: itermax

w

x; = LB +rand (UB — LB)

. Calculate the fitness of each salp

. Find best fithess among the population

. if best fitness < Food fitness

. F = best salp corresponding to the best fitness
. End

. Estimate the value by using Equation (2)

. for i = popsize

Jifi==
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e o
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. Else

=
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.End
.End

el el =
© o

. Compute the leap rate Lr by Equation (7)
. if rand(0,1) < Lr

NN DN
N P O

. End

. Compute the fitness of every exploring agent
. Revise X* if a good result exists

. Update the value of F and Return

. End

N NN
o b~ W

N
(o]

1. Input: UB, LB, itermax, popsize and Food fitness =

. Initialize the salp population for both binary and integer variables

I € popsize

. Estimate the place of the integer variable of leading salp using Equation (1)

. Estimate the place of the integer variable of trailing salp using Equation (3)

. Find if any exploring agent surpasses the exploring area and revise it

. Compute quasi- opposite individual for integer variable by Equation (4)

4 Experimental Environment

The newly presented technique has been simulated in java
using CloudSim3.0 toolkit incorporated into net beans IDE
8.0.2. CloudSim is an open source workflow simulator,
which is an extension of the CloudSim framework.

The evaluation is compared with existing techniques namely
GO-DNN [31], ASA-TL [32], SSA [33] and proposed
technique ESSA. The performance measures namely total
cost, makespan, energy consumption, and Time
Consumption.

Total Cost refers to the cumulative expenditure associated
with executing a specific task or process. In computational
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algorithms, it encompasses factors like resource utilization,
operational expenses, and overhead costs. The formula for
calculating Total Cost involves summing up Resource Cost,
Operational Cost, and Overhead Cost. Makespan, on the
other hand, signifies the total duration needed to finish a
bunch of processes in scheduling problems. It spans through
initiation from primary to accomplishment of the final one.
Minimizing Makespan is vital for optimizing asset utilization
and meeting deadlines. Power usage quantifies the amount of
energy utilized during computational task execution. It's a
critical metric in energy-sensitive environments, such as
wireless sensor networks or cloud computing, where
reducing energy consumption extends device lifespan and
cuts operational expenses.

The formula for Energy Consumption involves multiplying
Power by Time. Lastly, Time Consumption denotes the
overall duration or processing time required by an algorithm

to complete a task, encompassing both processing time and
any additional overhead. It's typically measured in
milliseconds, seconds, or other time units. Time
Consumption is computed by the variation between End
period and Start period. These performance measures are
pivotal for evaluating the fruitfulness and competence of
computational techniques across diverse domains and
applications.

Total;,s: = Resource.,s; + Operational s +
Overhead,,s; (8)

Makespan = Finishtime,sgtrqec + Starttimeyipseeask
9)

Energyconsumption = Poer X Time  (10)

Time(,‘onsumption = Endime — Startiime 11)

Comparison of Energy Consmuption
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Fig 3. Comparison of VM Cost
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The comparative analysis of energy usage among the
algorithms GO-DNN, ASA-TL, SSA, and ESSA reveals
notable differences in their energy consumption patterns.
Calculating the average and volatility of power utilization for
each algorithm provides insights into their respective
performance. GO-DNN exhibits a mean energy consumption
of 266.25 with a standard deviation of 158.82, while ASA-
TL demonstrates a marginally lesser average of 247.52 and a
volatility of 187.95. SSA shows a mean energy consumption
of 255.72 with a standard deviation of 182.36. Interestingly,
ESSA stands out with the lowest mean energy consumption
of 108.77 and a standard deviation of 63.57, indicating
potentially higher energy efficiency compared to the other
algorithms. These findings are visually represented through
histograms, showcasing the distribution of energy
consumption for each algorithm. While ESSA demonstrates
promising energy efficiency, further considerations such as

application requirements and constraints are crucial in

selecting the most suitable algorithm for practical
implementation.

5 Conclusion and Future Work

The proposed Enhanced Salp Swarm Optimization

Algorithm (ESSA) for workflows in the cloud that are
restricted by budget but with better quality of service and
energy competence presents a significant advancement in
cloud task scheduling algorithms. The integration of the Salp
Swarm Algorithm (SSA) with dynamic workflow scheduling
addresses critical challenges in cloud computing, including
real-time adaptation to changing task arrivals and resource
availability, optimization of makespan and Quality of Service
(QoS) standards, and adherence to budget constraints. The
principles of SSA, inspired by the collective movement
patterns of salps, offer a robust optimization framework for
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efficiently exploring solution spaces. The proposed
Enhanced Salp Swarm Optimization Algorithm (ESSA)
enhances SSA's effectiveness by incorporating quasi-
oppositional learning-based mutation and adaptive leap rate
strategies, thereby improving solution convergence and
diversity.

Future enhancements could focus on further refining the
adaptive mechanisms of ESSA to dynamically adjust
mutation rates and leap rates based on evolving
environmental  conditions and task  characteristics.
Additionally, exploring hybridization with other nature-
inspired optimization algorithms or machine learning
techniques could potentially enhance the algorithm's
performance and scalability. Moreover, extending the
evaluation to larger-scale cloud environments and
incorporating additional performance metrics such as
scalability, fault tolerance, and security might offer a more
thorough comprehension of ESSA's capabilities and
suitability for practical deployment in diverse cloud
computing scenarios. Overall, the proposed algorithm offers
a promising avenue for addressing the complex challenges of
dynamic workflow scheduling in budget-constrained cloud
environments while improving Quality of Service and energy
efficiency.

Disclosure of Interests. The authors have no competing
interests to declare that are relevant to the content of this
article.
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