'2 ’3 l‘ f f3 ’4 f ‘2 L " l
10320 ,0,1 %0,1,0 #1,0,0 = 5090 14 0,2 £,1,0 Hy,0,0 = 3024044 o ) #o,1,0 Ho,1,1 #1,0,0 + 43204

'2 . " '2 ‘ L I‘ ' ‘ ‘ I‘
2160 Lo 1,0 H40,1,2 #1,0,0 =15120 14 0,1 £0,1,0 0,2,0 H1,0,0 * 2160 24 0.2 K,1,0 #0,2,0 41,0,0 * ¢
’ ’ l4 s [ 4 l‘ L L l‘ f

'2 v 13 ’ L4 ’ J 13 r ’ ‘ 4
17230%,1,04“0:1“100“101*17280“00xﬂoxoﬂozoﬂxoo“xox‘zaaoﬂox1“020“

ATHEMAT%

1320 gy
36%30#100#102'60480%01%10#100#110’36401“00'"'" "ﬂ“no‘“‘

2880;40 w fo i S ”ooeedo‘,o#xoo#xozﬂn,10-14
2880 Ly oh 1,0, 00518i02.“1|o"17230%r.°lg“

.3
17230!‘010.“011w|ltb'“x01“110‘3640“001“020“103‘“1°°ﬂ1""--~%‘021

0 “1 o *QO o.“ 00“102“11
Hematieg:
A 2

11“100“101!‘110‘17 o-“xoxﬂﬁ

0 8y 0,1 + 864

- 1440 {4 o

17280 i 0,1 fo,1,0 £41,0,0 £41,0,1 “1

2 2 e

1728 fy, 1,0 £4,0,0 £1,0,2 £1,1,0 = 2880 [ eee i 2“100“1 1,0 ’1152“00
‘ 10 ' t' .”‘"’_’// g ’ ‘

L4414 0 2“1 1,0 + 17280 16 0,1 STl “vage ey 1,0,0 #1,1,1 = 2880 44

376 i 2, 1#1 o 0 11 ‘3 - s 0,0 f,0,1 ,1,1 = 172

/7 A : o2
3456 £y 1 1 J“x,o,o i 1 ‘156.“0 0,1 ﬂx,o,o #1 1
364 iy 0 1 £1,1,0 £, ; e 1‘“0“0 1,0 “1 0,0
L fz
L728 kg, 1,0 41 ,0,0 ﬁ‘o,lox“loof-‘xzo'l'H
2880 15,0,1 #0,1,1 10,1 #o,1,0 H1,0,0 #y,0,1 1,2,
2
L728 1o,1,0 41,0,0 4320 245,0,1 #1,0,0 H1,1,0 H1,2,

3156-“0,0,1 ,“1‘0'0 “l, \ \J R o : ! / d :.’ 3‘\),.,V (’ Q 0 u,; o J‘\ 2,0
- ’ S

364 {4y 0.0 £,0,1 £,1,1 1) oo il ooty 2880 4320;«,0 3 5 476
o .0 oo RIS 2000320 8 0,003
L72s 'bL. R 1*1728%01ﬂ100“110.“12 '““,‘o-q,x»ﬂ“ 1,0 K112,

733%‘,*!‘100#101#111 1 iy e 044,

’ 2 ¢ 0 17, i £y 2 -8 ’*’onf-‘olo”l‘
noe, ,0,1 %1, 0, 11@ x‘“y
144 fjy 172 0.36,0,0 £4,0,1 4,1,14, 3 ‘“ h,0,1 &4,

P P E B " 0.0 K
3021~,'83%2“- 2 ”10 ozﬂu 0 M1,
1"'003#101 “x P
1320,(10 o 100 1,0,0 ,
~~°~°“MU1{3~»A¥°D.“SM1¢HM
: + 1296

‘ I"‘“l“lw'mo o#oxz“xoo“:oo oxﬂov'*”’
!320;100 , 2 ~v\,,.,uf‘v44*‘l,0,0
2,‘.‘010“ - -4

»
720#00xﬂo,a,o-“xoo.“zoo’“"ﬂoo2“030#100“200*233%0nﬂosxﬂxooﬂaoo
17230-‘4001%10“100”101“200'36*0“010”0,1,1“100#101%00'8640.“001%

4 f ' f T

I



Preface

Imagine computer software that can find expectations of arbitrary random variables,
calculate variances, invert characteristic functions, solve transformations of random
variables, calculate probabilities, derive order statistics, find Fisher’s Information and
Cramér—Rao Lower Bounds, derive symbolic (exact) maximum likelihood estimators,
perform automated moment conversions, and so on. Imagine that this software was
wonderfully easy to use, and yet so powerful that it can find corrections to mainstream
reference texts and solve new problems in seconds. Then, imagine a book that uses that
software to bring mathematical statistics to life ...

Why Mathematica?

Why “Mathematical Statistics with Mathematica”? Why not Mathematical Statistics with
Gauss, SPSS, Systat, SAS, JMP or S-Plus ... ? The answer is four-fold:

(i) Symbolic engine

Packages like Gauss, SPSS, efc. provide a numerical/graphical toolset. They can
illustrate, they can simulate, and they can find approximate numerical solutions to
numerical problems, but they cannot solve the algebraic/symbolic problems that are
of primary interest in mathematical statistics. Like all the other packages,
Mathematica also provides a numerical engine and superb graphics. But, over and
above this, Mathematica has a powerful symbolic/algebraic engine that is ideally
suited to solving problems in mathematical statistics.

(i) Notebook interface

Mathematica enables one to incorporate text, pictures, equations, animations and
computer input into a single interactive live document that is known as a ‘notebook’.
Indeed, this entire book was written, typeset and published using Mathematica.
Consequently, this book exists in two identical forms: (a) a printed book that has all
the tactile advantages of printed copy, and (b) an electronic book on the mathStatica
CD-ROM (included) —here, every input is live, every equation is at the reader’s
fingertips, every diagram can be generated on the fly, every example can be altered,
and so on. Equations are hyperlinked, footnotes pop-up, cross-references are live, the
index is hyperlinked, online HELP is available, and animations are a mouse-click
away.

(iii)) Numerical accuracy
Whereas most software packages provide only finite-precision numerics,
Mathematica also provides an arbitrary-precision numerical engine: if accuracy is
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important, Mathematica excels. As McCullough (2000, p.296) notes, “By virtue of
its variable precision arithmetic and symbolic power, Mathematica’s performance on
these reliability tests far exceeds any finite-precision statistical package”.

(iv) Cross-platform and large user base
Mathematica runs on a wide variety of platforms, including Mac, OS X, Windows,
Linux, SPARC, Solaris, SGI, IBM RISC, DEC Alpha and HP-UX. This is especially
valuable in academia, where co-authorship is common.

What is mathStatica?

mathStatica is a computer software package—an add-on to Mathematica—that provides
a sophisticated toolset specially designed for doing mathematical statistics. It
automatically solves the types of problems that researchers and students encounter, over
and over again, in mathematical statistics. The mathStatica software is bundled free with
this book (Basic version). It is intended for use by researchers and lecturers, as well as
postgraduate and undergraduate students of mathematical statistics, in any discipline in
which the theory of statistics plays a part.

Assumed Knowledge
How much statistics knowledge is assumed? How much Mathematica knowledge?

Statistics: We assume the reader has taken one year of statistics. The level of the text
is generally similar to Hogg and Craig (1995). The focus, of course, is different, with less
emphasis on theorems and proofs, and more emphasis on problem solving.

Mathematica: No experience is required. We do assume the reader has Mathematica
installed (this book comes bundled with a fully-functional trial copy of Mathematica) and
that the user knows how to evaluate 2+2, but that’s about it. Of course, there are
important Mathematica conventions, such as a knowledge of bracket types (), [], {},
which are briefly discussed in Chapter 1. For the new user, the best approach is to try a
few examples and the rest usually follows by osmosis ©.

As a Course Textbook

This book can be used as a course text in mathematical statistics or as an accompaniment
to a more traditional text. We have tried to pitch the material at the level of Hogg and
Craig (1995). Having said that, when one is armed with mathStatica, the whole notion of
what is difficult changes, and so we can often extend material to the level of, say, Stuart
and Ord (1991, 1994) without any increase in ‘difficulty’. We assume that the reader has
taken preliminary courses in calculus, statistics and probability. Our emphasis is on
problem solving, with less attention paid to the presentation of theorems and their
associated proofs, since the latter are well-covered in more traditional texts. We make no
assumption about the reader’s knowledge of Mathematica, other than that it is installed on
their computer.
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In the lecture theatre, lecturers can use mathStatica to remove a lot of the annoying
technical calculation often associated with mathematical statistics. For example, instead of
spending time and energy laboriously deriving, step by step, a nasty expectation using
integration by parts, the lecturer can use mathStatica to calculate the same expectation in
a few seconds, in front of the class. This frees valuable lecture time to either explore the
topic in more detail, or to tackle other topics. For students, this book serves three roles:
first, as a text in mathematical statistics; second, as an interactive medium to explore;
third, as a tool for tackling problems set by their professors —the book comes complete
with 101 exercises (a solution set for instructors is available at www.mathstatica.com).

mathStatica has the potential to enliven the educational experience. At the same
time, it is not a panacea for all problems. Nor should it be used as a substitute for thinking.
Rather, it is a substitute for mechanical and dreary calculation, hopefully freeing the
reader to solve higher-order problems. Armed with this new and powerful toolset, we hope
that others go on to solve ever more challenging problems with consummate ease.
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