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Preface

This book is written as a reference for those who intend to perform time series
analysis using the R language.

A time series is the sequentially obtained data, such as temperature or stock
price, and its analysis requires consideration of the relation among data. Various
approaches can be used to conduct this analysis; this book describes both deter-
ministic and stochastic methods. We explain the deterministic method based on the
moving average from the explorative viewpoints. In contrast, we explain the proba-
bilistic method based on the state-space model, which has gained increasing attention
in recent years, for conducting detailed analysis. R, which is a free software used to
perform statistical analysis, is a language suitable to perform time series analysis.
This book uses R libraries and related software as well as R.

Because this book presents not only basic topics but also advanced ones, a wide
range of target readers, from beginners to experts in the field of time series analysis,
will be interested in reading it. This book contains introductory chapters for readers
who are not necessarily familiar with statistics and the R language.

One feature of this book is its emphasis on practice. Therefore, majority of the
algorithm derivations, such as the derivation of Kalman filtering, is summarized in
the appendices, whereas the main body focuses on explaining the meaning of the
formulas and how to develop codes based on the provided examples. This type of
presentation is based on my experience in this field. Even after understanding the
literature on time series analysis, I cannot easily identify the appropriate manner in
which the contents can be translated to actual codes at times. Although overcoming
such difficulties on the reader’s own is a reasonable education policy, I hope that this
book can contribute to mitigate such difficulties.

The structure of this book is as follows. First, Chaps. 1—4 present the introduction,
where we explain the fundamentals of statistics and handling of the time series data
using R after introducing the basic concept of time series analysis; then, we present
an example of time series analysis using the exploratory method. Next, Chaps. 5—
9 present the fundamental analysis conducted using the state-space model. Chap-
ters 5 and 6 describe the basics of the state-space models. Chapter 7 introduces the
Wiener filter, which provides the batch solution for a linear Gaussian state-space
model, from a historical viewpoint. Chapter 8 describes the Kalman filter, which
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provides the sequential solution for a linear Gaussian state-space model, using the
R library dlm. Chapter 9 describes a set of typically used linear Gaussian state-
space models for conducting detailed analysis. Finally, Chaps. 10-12 present the
applied analysis based on the state-space model. Chapter 10 describes a batch solu-
tion for the general state-space model using the Markov chain Monte Carlo (MCMC)
method. This chapter uses the Stan software and also explains the forward filtering
backward sampling (FFBS) technique to improve the estimation accuracy using the
Kalman filter as a component. Chapter 11 describes a particle filter, which provides
a sequential solution for the general state-space model. This chapter also explains
an auxiliary particle filter and the Rao—Blackwellization technique to improve the
estimation accuracy using the Kalman filter as a component. Chapter 12 presents
a specialized analysis with respect to the data exhibiting a structural change. This
chapter examines the approach in which a horseshoe distribution is used.

As for the notation, this book provides supplementary notes in a shaded box with
respect to the relevant topics. As for fonts, the typewriter typefaces, suchasplot (),
boldface, such as dlm, and italic shapes, such as DLM, are used for providing code
description, library names, and important indices, respectively. All the codes and
data used in this book are available from the support site https://github.com/hag
ijyun/Time_Series_Analysis_4SSM_R_Stan.

Finally, this book has been completed with the cooperation of many people.
Although I am very sorry that the names of all these people cannot be listed, I
would like to express some acknowledgements.

This book has been written based on the usage of various types of software. I
would like to specially thank the development team of R and Stan and professor
Giovanni Petris of the University of Arkansas, who is one of the authors of the
dlm library. Because I have gained valuable insights by participating in the Japanese
translation of the Stan manual https://github.com/stan-ja and Japan research meeting
on particle filters https://pf.sozolab.jp/, I am also grateful to all those involved in these
projects. The content of this book is also related to the syllabus of my doctoral course;
therefore, I would like to thank professor Yasutaka Ogawa, professor Takeo Ohgane,
and associate professor Toshihiko Nishimura of the Hokkaido University. I would like
to thank professor Motohiro Ishida of the Tokushima University for the opportunity
to write this book. Professor Norikazu Ikoma of the Nippon Institute of Technology,
Mr. Kentaro Matsuura, and Dr. Hiroki It6 helped to review the Japanese draft of this
book, which was useful for improving its contents; I would like to thank them for
their contribution. I would also like to thank Springer’s coordinators, Mr. Yutaka
Hirachi and Mr. Rammohan Krishnamurthy, for their cooperation in reviewing and
publishing this book.

I have written this book in the hope that sharing my experience would be helpful
to everyone who intends to perform time series analysis. If there are any errors in this
book, it is my responsibility alone; in such a case, I would like to make corrections
through the support site.

Yokohama, Japan Junichiro Hagiwara
January 2021
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