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Preface

The first edition of this book has received a very warm reception. A number of
instructors have adopted this work as a textbook in their courses. Moreover,
both novices and seasoned professionals have been using the book for self-
study. The enthusiastic response to the book motivated a new edition. One
major change is that there are now two authors. The second edition improves
the book in several ways: all known errors have been corrected and changes
in R have been addressed. Considerably more R code is now included. The
GARCH chapter now uses the rugarch package, and in the Bayes chapter we
now use JAGS in place of OpenBUGS.

The first edition was designed primarily as a textbook for use in university
courses. Although there is an Instructor’s Manual with solutions to all exer-
cises and all problems in the R labs, this manual has been available only to
instructors. No solutions have been available for readers engaged in self-study.
To address this problem, the number of exercises and R lab problems has in-
creased and the solutions to many of them are being placed on the book’s web
site.

Some data sets in the first edition were in R packages that are no longer
available. These data sets are also on the web site. The web site also contains
R scripts with the code used in the book.

We would like to thank Peter Dalgaard, Guy Yollin, and Aaron Fox for
many helpful suggestions. We also thank numerous readers for pointing out
errors in the first edition.

The book’s web site is http://people.orie.cornell.edu/davidr/SDAFE2/
index.html.

Ithaca, NY, USA David Ruppert

Ithaca, NY, USA David S. Matteson
January 2015
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Preface to the First Edition

I developed this textbook while teaching the course Statistics for Financial
Engineering to master’s students in the financial engineering program at Cor-
nell University. These students have already taken courses in portfolio man-
agement, fixed income securities, options, and stochastic calculus, so I con-
centrate on teaching statistics, data analysis, and the use of R, and I cover
most sections of Chaps.4-12 and 18-20. These chapters alone are more than
enough to fill a one-semester course. I do not cover regression (Chaps.9-11
and 21) or the more advanced time series topics in Chap. 13, since these top-
ics are covered in other courses. In the past, I have not covered cointegration
(Chap. 15), but I will in the future. The master’s students spend much of the
third semester working on projects with investment banks or hedge funds. As
a faculty adviser for several projects, I have seen the importance of cointegra-
tion.

A number of different courses might be based on this book. A two-semester
sequence could cover most of the material. A one-semester course with more
emphasis on finance would include Chaps.16 and 17 on portfolios and the
CAPM and omit some of the chapters on statistics, for instance, Chaps. 8, 14,
and 20 on copulas, GARCH models, and Bayesian statistics. The book could
be used for courses at both the master’s and Ph.D. levels.

Readers familiar with my textbook Statistics and Finance: An Introduc-
tion may wonder how that volume differs from this book. This book is at a
somewhat more advanced level and has much broader coverage of topics in
statistics compared to the earlier book. As the title of this volume suggests,
there is more emphasis on data analysis and this book is intended to be more
than just “an introduction.” Chapters 8, 15, and 20 on copulas, cointegration,
and Bayesian statistics are new. Except for some figures borrowed from Statis-
tics and Finance, in this book R is used exclusively for computations, data
analysis, and graphing, whereas the earlier book used SAS and MATLAB.
Nearly all of the examples in this book use data sets that are available in
R, so readers can reproduce the results. In Chap.20 on Bayesian statistics,

ix



X Preface to the First Edition

WinBUGS is used for Markov chain Monte Carlo and is called from R using
the R2WinBUGS package. There is some overlap between the two books, and,
in particular, a substantial amount of the material in Chaps.2, 3, 9, 11-13,
and 16 has been taken from the earlier book. Unlike Statistics and Finance,
this volume does not cover options pricing and behavioral finance.

The prerequisites for reading this book are knowledge of calculus, vectors,
and matrices; probability including stochastic processes; and statistics typical
of third- or fourth-year undergraduates in engineering, mathematics, statis-
tics, and related disciplines. There is an appendix that reviews probability and
statistics, but it is intended for reference and is certainly not an introduction
for readers with little or no prior exposure to these topics. Also, the reader
should have some knowledge of computer programming. Some familiarity with
the basic ideas of finance is helpful.

This book does not teach R programming, but each chapter has an “R lab”
with data analysis and simulations. Students can learn R from these labs and
by using R’s help or the manual An Introduction to R (available at the CRAN
web site and R’s online help) to learn more about the functions used in the labs.
Also, the text does indicate which R functions are used in the examples. Oc-
casionally, R code is given to illustrate some process, for example, in Chap. 16
finding the tangency portfolio by quadratic programming. For readers wishing
to use R, the bibliographical notes at the end of each chapter mention books
that cover R programming and the book’s web site contains examples of the
R and WinBUGS code used to produce this book. Students enter my course
Statistics for Financial Engineering with quite disparate knowledge of R. Some
are very accomplished R programmers, while others have no experience with
R, although all have experience with some programming language. Students
with no previous experience with R generally need assistance from the instruc-
tor to get started on the R labs. Readers using this book for self-study should
learn R first before attempting the R labs.

Ithaca, NY, USA David Ruppert
July 2010
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Notation

The following conventions are observed as much as possible:

Lowercase letters, e.g., a and b, are used for nonrandom scalars.
Lowercase boldface letters, e.g., a, b, and 8, are used for nonrandom vec-
tors.

Uppercase letters, e.g., X and Y, are used for random variables.
Uppercase bold letters either early in the Roman alphabet or in Greek
without a “hat,” e.g., A, B, and §2, are used for nonrandom matrices.

A hat over a parameter or parameter vector, e.g., # and @, denotes an
estimator of the corresponding parameter or parameter vector.

I denotes the identity matrix with dimension appropriate for the context.
diag(di,...,d,) is a diagonal matrix with diagonal elements dy, ..., d,.
Greek letters with a “hat” or uppercase bold letters later in the Roman
alphabet, e.g., X, Y, and 6, will be used for random vectors.

log(z) is the natural logarithm of z and log;,(z) is the base-10 logarithm.
E(X) is the expected value of a random variable X.

Var(X) and 0% are used to denote the variance of a random variable X.
Cov(X,Y) and oxy are used to denote the covariance between the random
variables X and Y.

Corr(X,Y) and pxy are used to denote the correlation between the ran-
dom variables X and Y.

COV(X) is the covariance matrix of a random vector X.

CORR(X) is the correlation matrix of a random vector X.

A Greek letter denotes a parameter, e.g., 6.

A boldface Greek letter, e.g., 8, denotes a vector of parameters.

R is the set of real numbers and RP is the p-dimensional Euclidean space,
the set of all real p-dimensional vectors.

AN B and AU B are, respectively, the intersection and union of the sets
A and B.

() is the empty set.
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XxXvi Notation

e If A is some statement, then I{A} is called the indicator function of A
and is equal to 1 if A is true and equal to 0 if A is false.
e If f; and fy are two functions of a variable x, then

fi(w) ~ fo(x) as z — 2o

means that
li fi (33 ) o
im =

T—T0 f2 (1‘)

Similarly,
Qp ~ by,

means that the sequences {a,} and {b,} are such that

an
— —>1lasn— oo.
bn

e Vectors are column vectors and transposed vectors are rows, e.g.,

1

Tn

and
-

z =(z1 - xn).
|A| is the determinant of a square matrix A.
tr(A) is the trace (sum of the diagonal elements) of a square matrix A.
f(z) « g(z) means that f(x) is proportional to g(z), that is, f(z) = ag(z)
for some nonzero constant a.
e A word appearing in italic font is being defined or introduced in the text.
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