Quarterly Scientific Journal of Technical and Vocational University
Autumn 2022, Vol. 19, No. 3, p. 529-551

Journal homepage: https://karafan.tvu.ac.ir/?lang=en TVU

d :10.48301 /KSSA.2022.341879.2104

E-ISSN: 2538-4430

®%¥ Original Research ISSN: 2382-9796

A Prediction based Proactive Resource Provisioning
Strategy for Multi-Objective Workflow Scheduling in Cloud

Computing

Mohammadreza Mahmoudianl?’, Reihaneh Khorsand?*®, Mohammadreza

Ramezanpour3

IM.Sc. Student, Department of Computer Engineering, Dolatabad Branch, Islamic Azad University, Isfahan,

Iran.

2Associate Professor, Department of Computer Engineering, Dolatabad Branch, Islamic Azad University,

Isfahan, Iran.

3Associate Professor, Department of Computer Engineering, Mobarakeh Branch, Islamic Azad University,

Isfahan, Iran.

ARTICLE INFO

ABSTRACT

Received: 05.23.2022
Revised: 11.04.2022
Accepted: 11.19.2022

Keyword:

Cloud computing
Multi-objective scheduling
Scalability

Quality of service

LVQ

*Corresponding Author:
Reihaneh Khorsand
Email:
reihaneh_khm@yahoo.com

In order to manage the workload proactively on the Cloud system
during application execution, workload should be predicted through
a proper approach and count of resources handled through an auto-
scaling system controller. On the other hand, the workflow scheduling
requires proper mapping of cloud resources to workflow tasks to
efficiently utilize resources and meet different user’s quality of service
requirements. Workflow scheduling is NP-complete problem and
multi-objective evolutionary algorithms have shown their merit for
solving such problem. Most of the works in the literature focused
either on dynamic resource provisioning or scheduling algorithms for
executing workloads. Based on this deficiency, in this paper, a
prediction-based proactive resource provisioning strategy based on
learning vector quantization (LVQ) artificial neural network was
proposed to predict the workloads in future and a fuzzy system
controller was proposed to compute the proper number of resources
to be allocated to the Cloud system. In addition, the multi-objective
linear programming scheduling algorithm was proposed to execute
workloads effectively on available resources. An evaluation with three
kinds of real scientific workflows was performed. The experimental
results showed that the proposed approach efficiently reduced
execution average cost, and response time along with higher resource
utilization in comparison with its counterparts.
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EXTENDED ABSTRACT

Introduction

In cloud computing, task scheduling with service level agreements while resource
provisioning is considered dynamically a challenging issue. Task scheduling is a basic
method in cloud computing that is responsible for the distribution of computing tasks
among the pool of virtual resources and it is an important issue. A great deal of research in
this field has been carried out but most of proposed methods is considered an objective for
optimization. In general, the cloud service providers have different objectives, where they
might have conflicting natures and must be met simultaneously. On the other hand, one of
the most important challenges of task scheduling in the cloud computing is resource
scalability, which allows timely resources provisioning to meet application requirements.
Therefore, cloud service providers need approaches to perform automatic scaling in the
cloud by considering all effective factors.

Most of the existing methods for optimal task scheduling among different virtual
machines of cloud data centers are not acceptable to achieve reasonable service quality. In
fact, it is difficult to consider all the objectives of the desired service level agreements along
with providing a dynamic resource for the implementation of tasks. In this paper, an active
resource provisioning method based on prediction is introduced for multi-objective
workflow scheduling in cloud computing, which uses automatic resource provisioning in
cloud computing. The framework of the proposed method was based on two important
parts of dynamic resource provisioning and task scheduling. The objectives were to
improve the response time, cost and average utilization of the virtual machine in
comparison with other methods.

Methodology

In the proposed framework, the user's request is in the form of a workflow, which
includes a set of partially interdependent tasks. The cloud broker has two important parts:
dynamic resource provisioning and workflow task scheduling, which are performed
autonomously. In general, the request information and the amount of current workload are
collected by the monitoring phase. Then, the amount of future workload is predicted using
LVQ neural network, and the amount of SLA violation is also calculated and placed in the
knowledge base. The decision-making phase by using knowledge base, including the degree
of SLA violation and predicted workload, applies a fuzzy algorithm to decide how many new
virtual machines to add or remove from the system. This is called horizontal scaling.

Results and discussion

To simulate the proposed method in the cloud environment, CloudSim 3.0.3 tool was
used. Three well-known scientific workflow structures named Montage, Cybershake and
Epigenomics were used. Utilization, average response time and total cost were considered
to evaluate the performance of the proposed method. In addition, the proposed method was
compared with PAPS and SAS algorithms. According to the evaluated results, using linear
programming and creating cost constraints for proper resource allocation and also using

530



Journal of Technical and Vocational University Autumn 2022, Vol. 19, No. 3, p. 529-551

the objective function to minimize the cost provided greater priority to the cost of the
proposed method in resource allocation so that the proposed method performed better
than the compared methods in all different workflows. However, the mostimportant reason
in reducing the cost of using a suitable fuzzy system for resource provision based on
exceeding the service conditions was the cost, which increased the accuracy in adding and
subtracting virtual machines.

Due to the existence of a fuzzy decision maker and the use of two important input
variables, which are predicted response time and workload respectively, the resource
provisioning parameter in the proposed method showed superiority than the other
methods. If the appropriate resource was not provided, there would be a pending
request that will remain without a resource, and the response time would increase.
Moreover, the optimal performance of linear programming as a recognition of the
prerequisites and decision-making conditions of the system in the resource
provisioning phase led to a more accurate selection of the resource and reduced the
response time compared to other methods.

The simulation results showed that the proposed method performed better in terms of
utilization compared to the other two methods. Careful monitoring of resources in the cloud
and continuous diagnosis of workload was a very effective factor for controlling the status
of resources in the proposed method. In fact, due to the monitoring of the CIS status and the
use of fuzzy decision-making to provide resources based on the user's requests, scaling was
carried out optimally.

Conclusion

In the present research, a task scheduling method based on autonomous resources
provisioning was proposed, performing auto scaling in the cloud by considering all effective
factors. In the proposed method, user requests are converted into partial tasks in the form
of a workflow. The tasks are assigned to the CI where has two important parts to provide
dynamic resource provisioning and task scheduling. After deciding on the resource
provisioning, the change commands are submitted to the CIS unit so that this unit can notify
the CI of the changes to be carried out. After receiving the information from CIS, the task
scheduling unit allocates the resources after prioritizing the workflow tasks. The proposed
method was tested and evaluated on three different workflow structures. The simulation
results showed that the proposed method increased utilization by 6.5% on average and
reduced response time and cost by 8.3% and 7.9%, respectively.
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