This is page vii Printer: Opaque this

Preface

This is a book on coupling, including self-contained treatments of stationarity and regeneration. Coupling is the central topic in the first half of the book, and then enters as a tool in the latter half. The ten chapters are grouped into four parts as follows:

Chapters 1–2 form an introductory part presenting basic elementary couplings (Chapter 1 on random variables) and the classical triumphs of the coupling method (Chapter 2 on Markov chains, random walks, and renewal theory).

Chapters 3–7 present a general coupling theory highlighting maximal couplings and convergence characterizations for random elements, stochastic processes, random fields, and random elements under the action of a transformation semigroup.

Chapters 8–9 present Palm theory of stationary stochastic processes associated with a simple point process. Chapter 8 treats the onedimensional case and Chapter 9 the higher-dimensional case.

Chapter 10 deals with regeneration, both classical regenerative processes and three generalizations: wide-sense regeneration (as in Harris chains); time-inhomogeneous regeneration (as in time-inhomogeneous recurrent Markov chains); and taboo regeneration (as in transient Markov chains). It ends with a section on perfect simulation (coupling from-the-past). This enormous chapter is thrice the size of a normal chapter, and is really a book within the book.

For more information on the content of the book, see the introductions to the chapters. Also, the table of contents provides a structural review.

The book should be of interest to students and researchers in probability, stochastic modelling, and mathematical statistics. It is written with a Ph.D. student in mind, and the first two chapters can be read at the master’s level and even at an advanced undergraduate level.

The book is mathematically self-contained, relying only on basic measuretheoretic probability. Measure-theoretic language is suppressed in the first two chapters, and then enters heavily in Chapter 3 to be used explicitly for the rest of the book; Ash (1972) is used as reference, but Billingsley (1986) is also fine. Some prior knowledge of elementary Markov chain theory would be useful, at least in Chapter 2; Karlin and Taylor (1975) and Cinlar (1975) are excellent, and the compact first two sections of the first two chapters in Asmussen (1987).

Some Conventions

In order to make clear what results belong to the measure-theoretic background, the term ‘Fact’ is used for results stated without proof, while the terms ‘Theorem’ and ‘Lemma’ are reserved for results that are proved here. Facts of basic importance throughout the book are restricted to Chapter 3 (Sections 3 and 4).

Sections are enumerated within chapters. For instance, the 4th section in the 3rd chapter is referred to within the chapter only as ‘Section 4’; but in the other chapters as ‘Section 4 in Chapter 3’ or ‘Chapter 3 (Section 4)’.

Subsections are enumerated within chapters and sections: the 5th subsection of the 4th section in the 3rd chapter is referred to within the chapter as ‘Section 4.5’; but in the other chapters as ‘Section 4.5 in Chapter 3’. The same goes for Theorems, Lemmas, Facts, Remarks, and Figures.

Definitions are stated in the text, and only indicated by writing the concept being defined in italics (we also use italics for emphasis). Figures are placed in the text precisely where they should be consulted (mostly), but the text does not rely on them. We use both parenthesis () and brackets [ ] for comments that can be skipped. Historical and bibliographic notes are deferred to a separate section at the end of the book.

The symbol X (and X^′, X̂, X_1, . . . ) is reserved for real-valued random variables. The symbol S_k always denotes a sum, S_k = S_0 + X_1 + · · · + X_k. On the other hand, S is either a sequence of S_k (one-sided sequence in Chapters 2, 3, and 10; two-sided in Chapter 8), or a d-dimensional random vector (Chapters 7 and 9). The symbol U is reserved for a variable uniform on [0,1]. The symbol Z is reserved for processes. The symbol Y often denotes a random element in a general space; and P(Y ∈ ·) is the distribution of Y.

Errors are bound to abound in the book, in spite of all the thinning attempts. For errata, and even some notes and references, see my homepage (www.hi.is/~hermann) or Springer’s (www.springer-ny.com). If you find an error or have a comment, please send me an informal note by e-mail (To: hermann@hi.is; Subject: book).

Acknowledgements

It took four long years to write this book, word for word, from the first word on the first page to the last word on page four-hundred-seventy-eight. Previously, the book had been in preparation for five years; and before that, subconsciously for years.

I would like to thank Torgny Lindvall for introducing me to this field of study and for grooming me for this task, and Peter Jagers for his influence and for the focused comments on the book. Also thanks to Søren Asmussen, Karl Sigman, Peter Glynn, Serguei Foss, and Richard Gill, who have influenced this work in various ways throughout the years.

Special thanks to Olle Nerman, Olav Kallenberg, David Blackwell, Henry Berbee, Jakob Yngvason, Peter Donnelly, and Olle Häggström for illuminating observations; to Rolando Rebolledo, who got me started on this project by inviting me to Chile to lecture in the fall of 1991; to Vladimir Kalashnikov for the collaboration on the Petrozavodsk proceedings, which helped get things into perspective; to Christian Meise for reading and rereading the book, and for the thicket of detailed comments; to Diemer Salomé for comments on the first four chapters; to Damien White, Remco van der Hofstad, Erik van Zwet, Karma Dajani, Ronald Meester, and Adam Shwartz for comments on the first two; to Vladimir Bogachev and Andrew Nobel for comments on the third; to David Svensson for comments on the eighth; to my next-door colleague Magnús Halldórsson for reading and commenting on parts of the book, and for the many discussions; and to my fellow probabilist Ottó Björnsson for his long-lasting interest and support. Also thanks to the copyeditor David Kramer for excellent suggestions while basically accepting my Icelandic English, and for all the commas; to my colleague Robert Magnus for straightening out many unclear sentences, and for some British moderation; and to the production editor Jenny Wolkowicki for the insightful finishing touch. After all this feedback the book should be in pretty good shape; but whatever mistakes there are, they are all mine.

I would like to thank John Kimmel, Springer’s statistics editor, for his deep understanding of what a work like this is about, and for never rushing me in spite of the writing going almost two years beyond deadline and the book becoming more than twice the planned size.

Many thanks to Þórir Magnússon for his expert LaTeX-ing, and for his support and the patience it must have taken to work along with me these four years. Also thanks to my son Freyr (Hermannsson) for calmly FreeHand-ing the figures during these hectic last weeks.

I am grateful to the University of Iceland and its Science Institute for funding this project, and for providing the freedom necessary for this task. I am also grateful to the Icelandic Science Foundation for travel grants.

And now, as this book goes to print, I am informed that I have been awarded the Ólafur Daníelsson Prize in Mathematics for my research, most of which can be found in some form in this book. I am deeply moved and will use the generous sum to recover from this work, and prepare for the next.

Music, – from Johann Sebastian Bach to Pär Lindh Project (PLP), – played an important role in getting me through the composition of this book. So, on another note, thank you Keith Emerson for the High Level Fugue and the Endless Enigma; evermoving without ever moving. Also thanks to Ian (Thick as a Brick) Anderson for Twelve Dances with God, and to King Crimson for both Discipline and Indiscipline, and for completing this trinity of sons in the court of the crimson king.

Finally, Rannveig, Freyr, and Nanna, thank you for so lovingly supporting me through these Ten Dances with Chance.

Reykjavík Hermann Þórisson October 1999