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ABSTRACT

Many important scientific applications can be expressed as workflows, which describe
the relationship between individual computational tasks and their input and output
data in a declarative way. This enables workflows to be automatically adapted to run
across different environments. For complex workflows, abstraction also helps scientists
to express their workflows at a higher level without being concerned about the details
of how individual jobs are invoked or how data is transferred between jobs. Also, large-
scale applications expressed as the scientific workflows that are often grouped into
ensembles of interrelated workflows ( ]J. Vockler, G. Juve & G. B. Berriman, 2011),( M.
Malawski, G. Juve, E. Deelman & J. Nabrzyski ,2015). Normally, commercial Cloud
computing is rapidly becoming the target platform on which to preform scientific
computation. Typically, the commercial Cloud services charge on the basis of the
number of hours the resources (such as CPU, network bandwidth and amount of
storage) are used. This charging model is referred to as pay-per use. The flexibility

inherent in the elastic Cloud model, while powerful computing results in inefficient
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usage and high costs when inadequate scheduling and provisioning decisions are
made. The problem of scientific workflow scheduling in Clouds requires an alternative
scheduling approach in mapping tasks to resources while fulfilling the deadline in the
workflow of Cloud computing. In this project, our objective achieved better
performance in term of success rate when compared to existing scheduling algorithms.
In terms of solving the problems we efficiently designed the workflows scheduling on
dynamically provisioned Cloud resources, while reducing the computation complexity.
Specifically, we enhance two scheduling algorithms Proportional Deadline Constrained
(PDC) and Deadline Constrained Critical Path (DCCP) that address the workflow
scheduling problem in Infrastructure as a Service (IaaS) Cloud. We will conduct a
simulation experiment of scientific workflow algorithms with both of the algorithms
mentioned above. In addition, the simulation will be managed under deadline
constraints on Infrastructure as a Service (IaaS) Clouds. The performance of the
scientific workflow will be based on measuring Success Rate (SR) and Throughput.
Finally, we expected the scheduling algorithms PDC and DCCP to be improve the
Cloud resource usage high efficiency in the IaaS Cloud with efficient scheduling for

scientific workflow.
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ABSTRAK

Banyak aplikasi saintifik yang penting boleh dinyatakan sebagai aliran kerja yang
menerangkan hubungan antara tugas-tugas pengiraan individu dengan input serta
output data mereka secara deklaratif. Ini membolehkan aliran kerja disesuaikan secara
automatik untuk dilaksanakan dalam persekitaran yang berbeza-beza. Bagi aliran kerja
yang kompleks, pengabstrakan turut membantu para saintis untuk menyatakan aliran
kerja mereka pada tahap yang lebih tinggi tanpa menghiraukan perincian tentang
bagaimana setiap kerja dinyatakan atau bagaimana data dipindahkan antara pekerjaan.
Selain itu, aplikasi berskala besar dinyatakan sebagai aliran kerja saintifik yang sering
dikelompokkan menjadi ensembel aliran kerja yang saling berkait (J. Vockler, G. Juve &
GB Berriman, 2011), (M. Malawski, G. Juve, E. Deelman & J. Nabrzyski, 2015). Biasanya,
pengkomputeran Awan komersil dengan cepat menjadi platform sasaran untuk
membuat pengiraan saintifik. Biasanya, caj perkhidmatan Awan komersil berdasarkan
jumlah jam sumber (seperti CPU, jalur lebar rangkaian dan jumlah penstoran) yang
digunakan. Model pembayaran ini dirujuk sebagai bayaran setiap penggunaan.
Kefleksibelan wujud dalam model Awan anjal, sementara pengkomputeran yang
berkuasa mengakibatkan penggunaan yang tidak cekap dan kos yang tinggi apabila
penjadualan dan keputusan peruntukan tidak mencukupi dibuat. Masalah penjadualan
aliran kerja saintifik pada Awan memerlukan pendekatan penjadualan alternatif dalam
pemetaan tugas serta sumber di samping perlu menepati tarikh akhir dalam aliran kerja
pengkomputeran Awan. Dalam projek ini, objektif kami mencapai prestasi yang lebih

baik dari segi kadar kejayaan apabila dibandingkan dengan algoritma penjadualan
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sedia ada. Dari segi penyelesaian masalah, kami secara cekap telah mereka bentuk
penjadualan aliran kerja bagi sumber Awan yang diperuntukkan secara dinamik, di
samping mengurangkan kerumitan pengiraan. Secara khusus, kami meningkatkan dua
algoritma penjadualan iaitu Kekangan Tarikh Akhir Berkadaran (PDC) dan Laluan
Kritikal Terkekang (DCCP) yang menangani masalah penjadualan aliran kerja dalam
Infrastruktur sebagai Awan Perkhidmatan (IaaS). Kami akan menjalankan eksperimen
simulasi algoritma aliran kerja saintifik terhadap kedua-dua algoritma yang disebutkan
di atas. Selain itu, simulasi ini akan diuruskan di bawah kekangan tarikh akhir pada
Infrastruktur sebagai Awan Perkhidmatan (IaaS). Prestasi aliran kerja saintifik akan
didasarkan pada pengukuran Kadar Kejayaan (SR) dan Pemprosesan. Akhir sekali,
kami menjangkakan algoritma penjadualan PDC dan DCCP dapat meningkatkan
kecekapan tinggi penggunaan sumber Awan pada Awan laaS dengan penjadualan

yang efisien untuk aliran kerja saintifik.
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CHAPTER 1
INTRODUCTION

1.1 Overview

Internet-based computing that uses shared software or resources as well as computing;
the electricity grid being one such example. Cloud computing usually involves the
provision of often virtualized and dynamically scalable resources over the Internet. It
also introduces an entirely new consumption, supplement, and delivery model for
Internet-based Information Technology (IT) services. The recent advent of large-scale
scientific experiments and the power of big data have driven the rapid growth of cloud
computing, which strives to directly deliver computing power to the end-user at
anytime and anywhere; thus making it a highly attractive computing paradigm. Cloud
computing is based on Quality of Service (QoS) user requirements. It enables users to
deploy and access applications at competitive costs from anywhere in the world. The
main objective of cloud computing is to design and power next-generation datacenters
as a virtual services network consisting of application logic, hardware, database, user
interface, etc. (Buyya. et, 2009). The most up-to-the-minute developments in parallel
computing, grid computing, and distributed computing have resulted in the birth of
cloud computing, the progression of which, is to deliver computing much like water
and electricity are delivered to households nowadays: as a utility. Cloud computing —
with the help of its application development and the constant expansion into cloud
computing research—is set to become the computing paradigm and mainstream service
of the future. More and more computing power—beyond that of the capability of a
single machine—is required in a number of applications that consist of cooperative
tasks. Some examples of these applications are Google’s Map Reduce (Dean &
Ghemawat, 2008) and Microsoft’s Dryad (Isard, Budiu, Yu, Birrell, & Fetterly, 2007),

which are big data processing workflows, as well as scientific workflows (Juve et al.,
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2013) and multi-tier web service workflows (Mao & Humphrey, 2011). On the flip side
are highly demanded common infrastructure or shared resources, and cloud computing
services on the Internet. Additionally, users can access these facilities from specific
service providers through a pay-per-use mechanism (Bardsiri & Hashemi, 2012). This
way, the users will be able to access the massive processing capablities, operating
systems, application development environments, servers, and storage space that would
be otherwise unavailable elsewhere. The cloud enables users to access resources and

scale them up or down on demand (AlHakami, Aldabbas, & Alwada’n, 2012).

Currently, workflows are being used to describe important scientific applications that
declaratively relate input and output data with individual computational tasks. For the
sake of convenience, workflow application development should employ a workflow
definition that is abstract, and does not include details that are resource specific. This
ensures the automatic adaption of these workflows to various environments. Since there
is no need to worry about how data is transferred between jobs or how individual jobs
are invoked, scientists working on complex workflows find that abstraction really helps
them express higher-level workflows (Vockler, Juve, & Berriman, 2011). Execution and
composition of analysis on distributed resources are now more complex thanks to
scientific workflow systems, which are now considered to be necessary tools of the
trade. Nowadays, workflow system functionality are found to overlap due their
flooding of the market. Therefore, an important requirement is that potential users are
able to compare between various tool capabilities available (Deelman, Gannon, Shields,
& Taylor, 2009). Besides that, ensembles, which are a group of interrelated workflows,
often arise due to larger computational problems. Even though they share a similar
structure, workflows in an ensemble vary when it comes to individual task sizes, input
data, and number of tasks. Scientific workflow ensembles are required by numerous

applications. One example is CyberShake, which generates seismic hazard maps using
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ensembles. CyberShake creates a hazard map by combining several hazard curves, with
each hazard curve for a particular geographic location being first generated from an
ensemble. A previous study in 2013 over 286 sites employed CyberShake to generate a
set of hazard maps, and ended up requiring an ensemble of 2288 workflows. Montage
also works similar to CyberShake; it generates a set of image mosaics from several
workflows with different required parameters. These mosaics can be combined to make
a single larger mosaic. In addition, the IaaS (Infrastructure-as-a-Service) cloud, a pay-
per-use model, enables users to access on-demand resources. The scope of this work is
an extension of our previous work involving the DCPP (Deadline Constrained Critical
Path) and PDC (Proportional Deadline Constrained) algorithms. The DCPP and PDC
algorithms are related and consist of a task assignment phase and a task prioritization

phase, which classifies them as list-based scheduling algorithms.

1.2 Problem Statement

* Workflow scheduling in clouds determines the most suitable resources for
allocation to certain tasks in order to achieve better task completion time (Tilak &
Patil, 2012; Arabnejad, Bubendorfer & Ng, 2017). However, it suffers from heavy
execution time and this leads to reduced throughput. This is because the
workflow applications are dynamically arriving that explicitly effects execution
time. Meanwhile, determining the type and amount of resource is a critical issue

in resource provisioning (Arabnejad, Bubendorfer & Ng, 2017, Wu et al., 2015) .

* Hence, scientific workflow applications require an alternative scheduling
approach for task-to-resource mapping, and at the same time, meet the deadlines

for cloud computing workflows.



1.3 Research Objectives

* To develop effective scheduling for better performance in term of success rates

while dynamically provisioning cloud resources for maximizing throughput.

1.4 Research Scope

* Re-simulate a previous paper (Arabnejad, Bubendorfer& Ng, 2017) that
recommends the use of two algorithms with one or two workflows to schedule
deadline-constrained scientific workflows on dynamically provisioned cloud

resources.
* Focus on laaS provider.
* Aims to improve workflow deadline.

1.5 Thesis Organization

This thesis is divided into five chapters. The following paragraphs provide a brief
description of the remaining chapters of this thesis: Chapter 2 presents a
comprehensive taxonomy and survey on scheduling algorithms for scientific
workflows in IaaS clouds .Chapter 3 introduces different phases of the research
methodology of this research. Chapter 4 describes the design, implementation and
proves the concepts of the proposed workflow system. Chapters 5 present the

conclusion together with thesis limitation and identify some areas for future work.
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