Preface

The motivation of introducing geometric process is due to many practical
problems in different fields, including science, engineering, medicine and so-
cial science. In maintenance problems, as most systems are deteriorating,
the successive operating times of a system after repair will be decreas-
ing, while the consecutive repair times after failure will be increasing. In
epidemiology study, the number of infected cases usually shows an increas-
ing trend in the early stage, and is stable in the middle stage, but has a
decreasing trend in the late stage. In economics research, the economic
development of a country or a region often shows a periodic cycle, so that
its gross national product (GNP) will be increasing in the early stage of a
cycle, and stable in the middle stage of the cycle, then decreasing in the
late stage of the cycle. Many models such as minimal repair model, non-
linear regression model, nonlinear time series model, were developed for
treating problems of the above phenomena with trend. However, it seems
that a more direct approach is to introduce a monotone process model. As
a simple monotone process, Lam (1988a, b) first introduced the geometric
process.

Definition A stochastic process {X;,i =1,2,...} is called a geomet-
ric process if there exists a real a > 0 such that {a*"1X;,i =1,2,...} form
a renewal process. The real number a is called the ratio of the geometric
process.

Clearly, a geometric process is stochastically decreasing, if a > 1; it is
stochastically increasing, if 0 < a < 1. It will become a renewal process,
if @ = 1. Therefore, the geometric process is a generalization of a renewal
process.

So far, much research work has been done in developing the theory and
applications of geometric process. Many fruitful theoretical results and in-
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teresting applications have attracted more and more attention. As a result,
the second edition of Encyclopedia of Statistical Science has added
“Geometric Process” (see Lam (2006) for reference) as one new item.

In this book “Geometric Process and Its Application”, we shall sum-
marize the research work on theory and applications of geometric process
developed since 1988. We expect that the publication of this book will
stimulate further research in this topic and strengthen the practical appli-
cations. We sincerely hope more new results will follow after the publication
of this book. We also hope the penetration of geometric process into dif-
ferent application fields will be accelerated after this book comes out.

Chapter 1 is a chapter of preliminaries. It contains a brief review of the
Poisson process and renewal process. Stochastic order and some classes of
lifetime distribution are then studied. In addition, a new class of lifetime
distribution, namely earlier preventive repair better (worse) than later in
expectation, is introduced. In Chapter 1, some martingale theory is re-
viewed. Furthermore, a formula for the rate of occurrence of failure is also
studied.

In Chapter 2, the definition of geometric process is introduced, followed
by the study of its probability properties.

In Chapter 3, like the renewal function in a renewal process, the ex-
pected number of events occurred by time t in a geometric process is de-
fined as the geometric function of the geometric process. As the renewal
function, the geometric function is also very important in application such
as in warranty problem and block replacement model. In Chapter 3, several
methods for the evaluation of the geometric function are suggested, these
methods are then compared with a simulation method.

In Chapter 4, the statistical inference of a geometric process is studied.
To do this, two statistics are introduced for testing if a data set agrees
with a geometric process. Afterward, some nonparametric and parametric
estimators for the parameters in a geometric process are proposed. The
asymptotic normality of these estimators are then studied.

In Chapter 5, a geometric process model is applied to analysis of data
with trend. Many real data sets are analyzed. In comparison with the
results obtained by other three models, the geometric process model is the
best model among four models. Furthermore, a threshold geometric pro-
cess model is introduced for analyzing data with multiple trends. As an
example, the threshold geometric process model is used to study the data
sets of daily infected cases in SARS.
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In Chapter 6, the application of geometric process to the maintenance
problem of a one-component system is studied. The optimal replacement
policy is determined analytically. Furthermore, the monotonicity of the
optimal replacement policy is discussed. Afterward, a monotone process
model for a multiple state system is considered, and a threshold geometric
process maintenance model is introduced for a system with multiple trends,
in particular for a system with a bathtub failure rate function. Moreover,
a shock geometric process model and a d-shock geometric process model
are considered, both models study the effect of environment on the system.
Then as a preventive repair is very useful in increasing the availability and
reliability of a system, at the end of Chapter 6, a geometric process model
with preventive repair is considered.

In Chapter 7, the reliability analysis for a two-component series, parallel
and cold-standby systems respectively, is discussed. A geometric process
maintenance model for a two-component cold standby system is also inves-
tigated.

In Chapter 8, the applications of geometric process to other topics in
operational research is discussed. We consider here the applications in
queueing theory and warranty problem.

Thus, Chapters 2-4 concentrate on the theoretical research of the prob-
ability theory and statistical inference of geometric process. Therefore,
Chapters 2-4 form the foundation of the application of the geometric pro-
cess. Nevertheless, Chapters 5-8 demonstrate the applications of geometric
process to statistics, applied probability, operational research and manage-
ment science.

The prerequisite for reading this book is an undergraduate calculus
course plus a probability and statistics course. Only a few sections or
results which are marked with an asterisk * may require more advanced
mathematics. However, the readers can skip over these parts without af-
fecting the understanding of the main contents in the manuscript.

On the one hand, this book is a reference book for the researchers who
are interested in geometric process theory or its application; on the other
hand, it is a handbook for practitioners such as maintenance managers or
reliability engineers or data analysts. Moreover, this book can be used as a
postgraduate textbook or senior undergraduate textbook for statistics, ap-
plied probability, operational research, management science and reliability
courses for one semester.
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