Preface

One small research group with an organizer Toshio Nakagawa of Aichi In-
stitute of Technology and fifteen members was started in Nagoya, Japan on
February, 1989. This group was named Nagoya Computer and Reliability
Research (NCRR) with the objective of presenting and writing research
papers studied by each member. The NCRR has no rule and no duty,
however, has a strong desire to study computer and reliability problems in
one’s daily life and place of work. The NCRR has continued for twenty
years unexpectedly, and during this interval, each member has presented
actively many papers in the following international conferences:

e The First Australia-Japan Workshop on Stochastic Models in En-
gineering, Technologies and Management, July 14-16, 1993, Gold
Coast, Australia.

e UK-Japanese Workshop on Stochastic Modeling in Innovative
Manufacturing, July 20-21, 1995, Cambridge, UK.

e The Second Australia-Japan Workshop on Stochastic Models in
Engineering, Technologies and Management, July 17-19, 1996,
Gold Coast, Australia.

e The First Euro-Japanese Workshop on Stochastic Risk Modelling
for Finance, Insurance, Production and Reliability, September 7-9,
1998, Brussels, Belgium.

e The First Western Pacific/Third Australia-Japan Workshop on
Stochastic Models in Engineering, Technology and Management,
September 23-25, 1999, Christchurch, New Zealand.

e International Conference on Applied Stochastic System Modeling,
March 29-30, 2000, Kyoto, Japan.

e The Second Euro-Japanese Workshop on Stochastic Risk Modelling
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for Finance, Insurance, Production and Reliability, September 18-
20, 2002, Chamonix, France.

e 9th ISSAT International Conference Reliability and Quality in De-
sign. August 6-8, 2003, Waikiki, Hawaii, USA.

e 10th ISSAT International Conference Reliability and Quality in
Design, August 5-7, 2004, Las Vegas, Nevada, USA.

e 2004 Asian International Workshop on Advanced Reliability Mod-
eling, August 26—27, 2004, Hiroshima, Japan.

e International Workshop on Recent Advances in Stochastic Opera-
tions Research, August 25-26, 2005, Canmore, Canada.

e 2006 Asian International Workshop on Advanced Reliability Mod-
eling, August 24-26, 2006, Busan, Korea.

e 13th ISSAT International Conference Reliability and Quality in
Design, August 2-4, 2007, Seattle, Washington, USA.

e 2008 Asian International Workshop on Advanced Reliability Mod-
eling, October 23-25, 2008, Taichung, Taiwan.

Several good papers selected from the above conferences have published in
some research journals and on book forms.

In memory of twenty th anniversary, we make a plan of publishing the
book written by each member titled on Stochastic Reliability Modeling, Op-
timization and Applications from World Scientific Publishing. The book is
composed of three parts: Reliability Theory, Computer System Reliability,
and Reliability Applications. Throughout this book, we formulate stochas-
tic models by applying mainly renewal, Markov renewal and cumulative
processes in stochastic processes, and analyze them by using the techniques
of reliability theory. Furthermore, we obtain the availability, the expected
cost and the overhead as an objective function, and discuss analytically
optimal policies which minimize them. Such methods and results would be
more useful for studying and applying other reliability models in practical
fields.

Part I consists of three chapters, focusing on discussing optimal policies
for standard reliability models: Chapter 1 presents a generalization of basic
concepts of binary state to multistate coherent systems, and gives the exis-
tence theorems of series and parallel systems, IFRA and NBU theorems and
their properties of coherent systems. The treatment of k-out-of-n systems
is newly presented in this chapter. Chapter 2 considers three replacement
policies for cumulative damage models in which an item is replaced at time,
shock number, damage level, and at failure, whichever occurs first. Another
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three replacement policies for the failure interaction and the opportunistic
models are taken up, and optimal policies are discussed analytically, using
the techniques of cumulative processes. Chapter 3 extends the standard
inspection model to four inspection policies for a two-unit system, a sys-
tem with two types of inspection, a system with self-testing, and a system
with a finite operation time. The expected cost rates for each model are
obtained, and optimal policies which minimize them are derived by using
the methods of inspection policies.

Part IT consists of five chapters, focusing on analyzing a various of com-
puter systems by using reliability theory: Chapter 4 discusses hybrid state
saving schemes with realistic restrictions. Optimal checkpoint intervals
are derived by using approximations for overhead evaluation. The imple-
mented logic circuit simulator and numerical examples are also presented.
Chapter 5 formulates three stochastic models of a system with networks
by using Markov renewal processes. Optimal policies which minimize the
expected cost rates are derived analytically, and numerical examples are
presented. Chapter 6 studies three stochastic models of a communication
system with the recovery techniques of checkpoint and rollback, a mobile
communication system with recovery scheme and a communication system
with window flow control scheme. Some reliability measures of each model
are obtained by using Markov renewal processes, and optimal policies which
minimize them are discussed. Chapter 7 considers two backup models of
a database system. The expected cost rates of each model are obtained,
and optimal backup policies are discussed by using theory of cumulative
processes. Chapter 8 considers two-level recovery schemes of soft and hard
checkpoints, and multiple and modified modular systems with sequential
checkpoint times, increasing error rates and random processing times. Op-
timal checkpoint intervals of each model which minimize the total overhead
are derived by using reliability theory.

Part III consists of two chapters, focusing on maintenances of miscella-
neous systems and optimization problems in management science: Chapter
9 takes up optimal maintenance models of five different systems such as mis-
sile, phased array radar, FADEC, co-generation system, and power plant.
Some reliability measures of each model are obtained by using reliability
theory, and optimal maintenance policies which minimize them are dis-
cussed. Chapter 10 formulates three stochastic models associated with the
monetary facility, and considers optimization problems which maximize an
expected liquidation of holdings, minimize the prepayment risk for a mon-
etary risk, and determine a loan interest rate of banks. Optimal policies
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for each model are derived analytically, using reliability theory.

We are strongly convinced that the NCRR has run over twenty years
by great help and hearty assistance of many peoples: We wish to thank to
Professor Shunji Osaki, Nanzan University, Professor Prabhakar Murthy,
The University of Queensland, Professor Hoang Pham, Rutgers University,
Professor Shigeru Yamada, Tottori University, and Professor Tadashi Dohi,
Hiroshima University for having presented the papers at some national con-
ferences. We wish to express our special thanks to Professor Kazumi Yasui,
Aichi Institute of Technology, Professor Hiroaki Sandoh, Osaka Univer-
sity, and the other members of NCRR; Mr. Takehiko Nishimaki, Professor
Shinichi Koike, Professor Yoshihisa Harada, and Mr. Esturo Shima for
their cooperation and valuable discussions. Furthermore, we would like to
thank Kinjo Gakuin University Research Grant for the support and Editor
Chelsea Chin, World Scientific Publishing Co. Pte. Ltd for providing the
opportunity to write this book.

Syouji Nakamura
Toshio Nakagawa
Nagoya, Toyota
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