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Among the issues in adaptive real time system is the efficiency of the scheduling algorithm
to satisfy the predefined deadline and utility requirements. The design of real time scheduler
to achieve an efficient utility and fault recovery algorithm in multiprocessor environment is
the main problem focused in this research. This thesis considers the independent tasks that
are subject to deadline constraints specified in the TUF/UA scheduling environment. The
algorithms for uniprocessor environment are known as Priority Inversion Utility Accrual
Scheduling (PUAS) and Negation Oriented Utility Accrual Scheduling (NUAS). These
algorithms solved the abortion problem in the existing General Utility Scheduling (GUS).
PUAS implements a preemption strategy while NUAS negates the scheduling decision to
abort by resuming the owner task. Simulation results reveal that the proposed algorithms

outperforms the existing algorithm for the entire load range.

The algorithm for multiprocessor environment is known as Global PUAS (GPUAS). GPUAS
is adapted from the existing Greedy-Global Utility Accrual (G-GUA) and Non-Greedy
Global Utility Accrual (NG-GUA) algorithms that considered task migration attribute for
load sharing purposes. GPUAS enhanced the task placement mechanism in G-GUA and NG-
GUA algorithms. From the simulation results, GPUAS outperforms the existing G-GUA



algorithm. The placement of task into a queue according to the value of utility in GPUAS has
efficiently accrued at most 4.98% higher utility as compared to the existing G-GUA in dual
core platform during overloaded condition in the system. GPUAS also tremendously

outperforms NG-GUA in all platforms at most 12.44% higher utility accrued to the system.

The scheduling algorithms with fault recovery are implemented in the uniprocessor and
multiprocessor environment. The Backward Recovery (BR) mechanism is adapted from the
Responsive Algorithm (RA) and works by re-executing of the erroneous request after its
transient error period is over. The Backward Recovery PUAS (BRPUAS) and Backward
Recovery NUAS (BRNUAS) algorithms are implemented for the uniprocessor scheduling
environment. The Backward Recovery GPUAS (BR_GPUAS) algorithm is implemented in
the multiprocessor environment. This thesis has proven that the BR mechanism is efficient to
be used in the uniprocessor as BRPUAS saved at most 8.94% higher utility as compared to
the abortion recovery. In multiprocessor environment, the BR_GPUAS saved at most
31.98% utility and thus enhanced the system performance in transient erroneous

environment.
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Diantara permasalahan dalam sistem masa nyata yang adaptif adalah kecekapan
perlaksanaan algoritma penskedulan untuk memenuhi keperluan had masa. Rekabentuk
penskedulan masa nyata untuk mencapai kecekapan algoritma utility dan pemulihan ralat
dalam persekitaran pemproses berbilang adalah masalah utama yang menjadi fokus dalam
kajian ini. Tesis ini mempertimbangkan tugas yang bersifat bebas dan mempunyai kekangan
had masa dinyatakan dalam persekitaran fungsi masa/utiliti dan pengumpulan utiliti
(TUF/UA). Algoritma untuk pemprosesan tunggal adalah Priority Inversion Utility Accrual
Scheduling (PUAS) dan Negation-oriented Utility Accrual Scheduling (NUAS). Algoritma
ini menyelesaikan masalah penguguran pada algoritma sedia ada iaitu General Utility
Scheduling (GUS). PUAS menggunakan strategi celahan manakala NUAS meniadakan
keputusan penskedulan untuk mengugurkan dengan meneruskan tugas pemilik. Keputusan
simulasi menunjukkan algoritma yang dicadangkan mengatasi algoritma sedia ada bagi

keseluruhan beban.

Algoritma untuk pemprosesan berbilang adalah Global PUAS (GPUAS). GPUAS adalah
adaptasi dari algoritma Greedy-Global Utility Accrual (G-GUA) dam Non-Greedy Global
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Utility Accrual (NG-GUA) yang mempertimbangkan atribut migrasi untuk tujuan berkongsi
beban. GPUAS mempertingkatkan mekanisma penempatan tugas dalam G-GUA dan NG-
GUA. Keputusan simulasi menunjukkan GPUAS mengatasi algoritma sedia ada G-GUA.
Penempatan tugas ke dalam baris giliran berdasarkan pada nilai utility dalam GPUAS telah
secara efisen mengumpulkan paling banyak 4.98% lebihan utiliti dibandingkan dengan G-
GUA sedia ada pada pelantar dua teras semasa keadaan lebihhan beban dalam sistem.
GPUAS juga dengan ketara ia mengatasi prestasi NG-GUA untuk semua bilangan pelantar

paling banyak 12.44% lebihan pengumpulan utiliti pada sistem.

Algoritma penskedulan dengan pembetulan ralat dilaksanakan dalam persekitaran
pemprosesan tunggal dan berbilang. Mekanisma Backward Recovery (BR) adalah adaptasi
dari Responsive Algorithm (RA) yang berkerja dengan cara melaksanakan semula
permintaan tugas yang terjejas sejurus tamatnya tempoh ralat. Algoritma yang dilaksanakan
untuk persekitaran pemprosesan tunggal adalah Backward Recovery PUAS (BRPUAS) dan
Backward Recovery NUAS (BRNUAS). Algoritma yang dilaksanakan untuk pemprosesan
berbilang adalah Backward Recovery GPUAS (BR_GPUAS). Tesis ini membuktikan bahawa
mekanisma BR adalah efisien untuk digunakan dalam pemprosesan tunggal kerana BRPUAS
telah menyelamatkan paling banyak 8.94% lebihan utiliti dibandingkan dengan pemulihan
secara pengguguran. Pada pemprosesan berbilang, BR_GPUAS the menyelamatkan paling

tinggi 31.98% utiliti dan meningkatkan prestasi sistem dalam persekitran ralat sementara.



ACKNOWLEDGEMENTS

In the Name of Allah, The Most Beneficent, The Most Merciful.

In the name of Allah, all praise is due to Almighty Allah as he is all merciful, most gracious
and most compassionate and it is he who gathered all knowledge in its essence and our
Messenger the Prophet Muhammad (Peace and Blessings be Upon Him) and his progeny,

companions and followers. All grace and thanks belong to Almighty Allah.

This thesis would not have been possible without the help and support of many people. |
would like to express my gratitude to Assoc. Professor Dr Shamala Subramaniam for her
guidance. | am also very grateful to the member of the supervisory committee, Professor Dr
Mohamed Othman and Assoc. Professor Dr Zuriati Ahmad Zulkarnain for their advices,

motivation, and comments for this thesis..

I am also indebted to the Ministry of Higher Education and University Putra Malaysia for the
sponsorship and study leaves which enables me to pursue this research. | am forever
indebted to my father, Ahmad bin Abu Bakar, my mother, Hajjah Rosnah binti Mohd Saad
and my brother Haji Arfarizal bin Ahmad and his family, Zuhaida Ariffin, Nursyaza Nisa,
NurAthirah, Adam and Sarah for their endless love. | would like to thank my mother in-law

Ustazah Hajjah Aminah binti Ismail for her doa and continuous patience.

Finally, my special thanks and foremost appreciation goes to my husband Muhammad
Fauzan Othman for his support in all stages of this painful journey. Many thanks to my sons
Muhammad Faris Aiman, Muhammad Faiz Ammar and Muhammad Farhan Ariff for their

love.

Vi



Approval Sheet 1

I certify that an Examination Committee has met on [date of viva] code to conduct the final
examination of Idawaty binti Ahmad on her doctorate degree thesis entitled “Utility Accrual
Scheduling Algorithms for Adaptive Real Time System” in accordance with Universiti
Pertanian Malaysia (Higher Degree) Act 1980 and Universiti Pertanian Malaysia (Higher
Degree) Regulations 1981. The committee recommends that the student be awarded the
(Name of relevant degree).

Members of the Examination Committee were as follows:

Title

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Chairman)

Title

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Internal Examiner)

Title

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Internal Examiner)

BUJANG KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

vii



This thesis was submitted to the Senate of Universiti Putra Malaysia and has been accepted
as fulfillment of the requirement for the degree of Doctor of Philosophy. The members of the
Supervisory Committee were as follows:

Shamala a/p Subramaniam, PhD

Associate Professor

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Chairperson)

Mohamed Othman, PhD

Professor

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Member)

Zuriati Ahmad Zukarnain, PhD

Associate Professor

Faculty of Computer Science and Information Technology
Universiti Putra Malaysia

(Member)

BUJANG BIN KIM HUAT, PhD
Professor and Dean

School of Graduate Studies
Universiti Putra Malaysia

Date:

viii



DECLARATION

I declare that the thesis is my original work except for quotations and citations which have
been duly acknowledged. | also declare that it has not been previously, and is not
concurrently, submitted for any other degree at University Putra Malaysia or at any other

institutions.

IDAWATY BINTI AHMAD

Date: 31 July 2012



ABSTRACT
ABSTRAK

TABLE OF CONTENTS

ACKNOWLEDGEMENTS

APPROVALS

DECLARATION
LIST OF FIGURES
LIST OF ABBREVIATIONS

CHAPTER

1 INTRODUCTION

11
1.2
1.3
14
15
1.6

Time/Utility Function
Problem Statement
Research Objectives
Research Scope
Research Significance
The Thesis Structure

2 LITERATURE REVIEW

21
2.2
2.3

2.4
2.5
2.6

2.7

The Traditional Real Time Scheduling Paradigms
Utility Based Scheduling Paradigm

TUF/UA Scheduling Approaches

2.3.1 Example of TUF/UA Application

2.3.2 TUF Shapes

TUF/UA Uniprocessor Scheduling Algorithms
TUF/UA Multiprocessor Scheduling Algorithms
Approaches to Fault Tolerance System

2.6.1 Fault Recovery

2.6.2 Fault Recovery Approaches in TUF/UA Scheduling Domain
Summary

3 METHODOLOGY

3.1

3.2

3.3

Performance Analysis Approaches
3.1.1  Type of Simulations
3.1.2  Simulation Life Cycle
Discrete Event Simulation
3.2.1 Simulation Clock
3.2.2 Event list
3.2.3 The Next-Event Time Advancing Mechanism
3.2.4 Random Number Generator
Simulation Framework for Uniprocessor Scheduling Environment
3.3.1 Simulation Model
3.3.2 Entities and Resources
3.3.3 Events
3.3.4 Termination of Simulation
3.3.5 Source Model
3.3.6 Task Model
3.3.7 Potential Utility Density
3.3.8 Resource Model
3.3.9  Queuing Model



3.4

3.5

3.3.10 GUS Scheduling Algorithm
3.3.11 Performance Metrics

3.3.12 Experimental Settings

3.3.13 Simulation Validation
Simulation Framework for Multiprocessor Scheduling Environment
3.4.1 Source Model

3.4.2  Number of utlist Queue

3.4.3 Task Migration Attribute

3.4.4 Resources Model

3.45 G-GUA Scheduling Algorithm
3.4.6 NG-GUA Scheduling Algorithm
3.4.7 Experimental Settings

3.4.8 Simulation Validation

Summary

EFFICIENT UTILITY ACCRUAL SCHEDULING ALGORITHMS IN
UNIPROCESSOR ENVIRONMENT

4.1
4.2
4.3

4.4

4.5

Introduction

The Proposed Procedures
Simulation Model

4.3.1 A Resource Request Event
4.3.2 A Resource Release Event
4.3.3 Task Termination Event
Results and Discussion

4.4.1 Results for Step TUF
4.4.2 Results for Arbitrary TUF
Summary

ENHANCED UTILITY ACCRUAL SCHEDULING ALGORITHM IN
MULTIPROCESSOR ENVIRONMENT

5.1
5.2

5.3

5.4
5.5

5.6

Introduction

The Proposed Multiprocessor Scheduling Procedure
5.2.1 Task Assignment Algorithm

A Resource Request Event

A Resource Release Event

Results and Discussion

5.5.1 Results for Step TUF

5.5.2 Results for Arbitrary TUF

Summary

ENHANCED UTILITY ACCRUAL SCHEDULING ALGORITHMS
WITH FAULT TOLERANCE

6.1
6.2

6.3
6.4
6.5

Introduction

Simulation Model

6.2.1 Fault Model

6.2.2 Erroneous Task Model

6.2.3 Resource Model

Fault Detection Event

Abortion Recovery Mechanism

Backward Recovery Mechanism in Uniprocessor Environment
6.5.1 Fault Recovery Event -Phase 1(Feasibility Test)

6.5.2 Fault Recovery Event -Phase 2 (Criticality Test)

6.5.3 Fault Recovery Event -Phase 3 (Responsiveness Test)

Xi

78
78
79
82
84
86
86
87
87
89
90
91
93
107

108

108
112
114
114
118
123
125
125
130
132

134

134
135
136
137
158
168
169
174
178

180

180
182
182
183
184
184
189
190
195
197
200



6.6

6.7

6.8

Backward Recovery Mechanism in Multiprocessor Environment
6.6.1 Fault Recovery Event -Phase 4 (Availability Test)

6.6.2 Fault Recovery Event -Phase 5 (Sufficiency Test)

Results and Discussion

6.7.1 Results of BR Mechanism in Uniprocessor Environment
6.7.2 Results of BR Mechanism in Multiprocessor Environment
Summary

7 CONCLUSIONS AND FUTURE RESEARCH

7.1
7.2

REFERENCES

Conclusion
Future Research

BIODATA OF STUDENT
PUBLICATIONS

Xii

204
207
210
216
216
223
230

232
232
237

238
248
249



	IMPROVING UTILITY AND RECOVERY ALGORITHMS FOR ADAPTIVEREAL TIME SYSTEM IN MULTIPROCESSOR ENVIRONMENT
	ABSTRACT
	TABLE OF CONTENTS
	CHAPTER
	REFERENCES



