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Preface

S-Prus is a powerful tool for interactive data examination, creation of graphs, and
implementation of customized routines based on the S language of AT&T Bell Labs (Lu-
cent Technologies). The modern concept together with its flexibility makes it appealing
to data analysts from all scientific fields. Among its many strengths are its powerful but
flexible graphics routines, and its facility for writing functions whereby you may either
modify an existing function, or create one of your own. Most standard statistical tech-
niques and many non-standard ones besides are already programmed in S-PLUS, making
exploratory and formal statistical analysis very easy.

This guide was written to give a solid but quick introduction to the S-PLUS environ-
ment. If you have never used S-PLUs before, this guide will get you up to speed quickly.
So, the present guide is primarily intended for the S-PLUS novice. With the provided
groundwork in place, it is then possible to tackle the really sophisticated functions and
to write your own. If a specific problem is not covered in this guide, you should be able
to find the answer in one of the books and manuals on S-PLus.

This manuscript was written to accompany the introduction course to S-PLUS given at
the Department of Mathematics at the Swiss Federal Institute of Technology in Lausanne.
Although it has been written for a particular environment, S-PLUS 3.4 for UNIX, I have
tried as far as practicable to make the guide independent of the computing environment
and the exact version of S-PLUS in use. Clearly some of the details must depend on
the environment. Moreover, it is assumed to work with a graphical user interface (GUI)



11

such as Motif or Microsoft Windows, or at a X-terminal. Finally, the webpage of the
introduction course to S-PLUS and of the present manuscript is

http://statwww.epfl.ch/splus/

Many people influenced this manuscript and contributed directly or indirectly. They
are far too numerous to mention. I would like to thank all of them. A special thank goes to
Christian Sangiorgio from the Seminar fiir Statistik at the ETHZ in Ziirich for providing
me with their course material on their ‘Einfithrung in S-PLUS’ course. Moreover, special
thanks go to Prof. Anthony C. Davison, Jean-Marie Helbing and Reinhard Furrer for their
valuables comments and suggestions. Last but not least I wish to thank my girl-friend
Christine for her support and patience.

Diego Kuonen,
Lausanne, April, 1999.

Typographical Conventions

Throughout this guide S-PLUS language constructs and commands are set in typewriter
font 1ike this, or in using the S-PLUS prompt >’ like

> S-PLus command
or
> S-PLUS command # comment on the S-PLUS command

The prompt $ is used as the standard prompt for the UNIX shell, e.g.
$ UNIX command

Finally, keyboard keys are written in capital letters, e.g. press the RETURN key.
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Chapter

Introduction

1.1 The History of S and S-Plus

S is a very high level language and an environment for data analysis and graphics. S
was written by Richard A. Becker, John M. Chambers, and Allan R. Wilks of AT&T Bell
Laboratories Statistics Research Department. S is a very general tool, so that applications
are not restricted to any particular subject area. One way to think of it is to imagine the
wide range of applications that can be handled by a spreadsheet program — but think
of an even broader range of applications because S is much more flexible for complex
computations. As examples, S has been used for computing in areas like business, finance
and experimental science.

Of fundamental importance is that S is a language. This makes S much more useful
than if it were merely a ‘package’ for statistics or graphics or mathematics. Imagine if
English were not a language, but merely a collection of words that could only be used
individually  a package. Then what is expressed in this sentence is far more complex
than any meaning that could be expressed with the English package. That is why the
authors of S prefer that you not call S a statistics package. Most of the people who use S
have no attachment to statistics, and most of the S applications involve basic quantitative
computations and graphics. In S, all functions are tightly integrated and controlled by
the S language.

S-PLus is a value-added version of S sold by MathSoft, Inc., and it is a fully sup-
ported and documented application which has been compiled and tested on numerous
architectures. It is available in both UNIX and Windows versions. The latest version of
S-PLUS is even running on the most affordable UNIX platform: Linux. In all, S-PLUS
offers a very comprehensive set of functions with over 2,000 built-in functions.

S is a subset of S-PLus, and hence anything which may be done in S may be done in
S-Prus. In addition S-PLUS has extended functionality in a wide variety areas, including
robust regression, modern nonparametric regression, time series, survival analysis, multi-



4 vnnAarioiy 1. AUINI U UOULIUIN

variate analysis, classical statistical tests, quality control, and graphics drivers. Add-on
modules add additional capabilities for wavelet analysis, spatial statistics, and design
of experiments. In addition, the newer S-PLUS versions for Windows introduces a full-
featured graphical user interface.

An electronic source for information on S-PLUS is the MathSoft Web site. The URL
for this site is

http://www.mathsoft.com/splus/

1.2 Available Documentation

There are a variety of ways to accelerate your progress with S-PLUS, and to build upon
the work of others. This section describes the learning and support resources available to
S-PLUS users.

1.2.1 Online Help

S-Prus offers an online help system to make learning and using S-PLUS easier. Moreover,
the UNIX version of S-PLUS 3.4 provides a convenient menu-driven help system, while
in the Windows version help is provided through the Windows Help system.

1.2.2 ine n Online n 1

S-PLUS comes with four manuals: the ‘User’s Guide’, the ‘S-PLUS Guide to Statistics
(Part I and 1I)’, and the ‘S-PLuUS Installation and Maintenance Guide’, all of which are
also available from the MathSoft Web site

http://www.mathsoft.com/splus/doc/

Moreover, you can keep up to date with the latest in S programming by visiting the
Programming with Data website at

http://cm. ell la s.com/stat/ ook/
An additional online book that is geared towards those who are programming in S is

http://www.seanet.com/ p u ns/ poet y/
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1.2. i

StatLib is a system for distributing statistical software, data sets, and information by
electronic mail, FTP and the World Wide Web. It contains a wealth of user-contributed
S-PLus functions. To access StatLib by FTP, open a connection to: 1i .stat.cmu.edu.
Login as anonymous and send your e-mail address as your password. The FAQ (‘Fre-
quently Asked Questions’) isin / / , or in HTML format at

http://www.stat.math.eth .ch/ /
To access StatLib with a web browser, visit
http://1i .stat.cmu.edu/
To access StatLib by e-mail, send the message:
send inde f om

to statli @li .stat.cmu.edu. ou can then request any item in StatLib with the
request send item f om where item is the name of the item.

1.2. e

S-news is an electronic mailing list by which S-PLUS users can ask questions and share
information with other users. To get on this list, send a message with message body
su sc i eto

S news e uestOwu ios.wustl.edu

To get off this list, send a message with body unsu sc i e to the same address. Once
enrolled on the list, you will begin to receive e-mail. To send a message to the S-news
mailing list, send it to s news@wu ios.wustl.edu. Do not send subscription requests to
the full list use the s news e uest address shown above.

1.2. O e

The primary references for S are two books by its creators:

Becker R. A., Chambers J. M. and Wilks A. R. (1988), e e Language,
Chapman and Hall, London.

Chambers J. M. and Hastie T. J. (1992), aisi al o elsin , Chapman and Hall,
London.

Other books which discuss particular aspects of S and S-PLUS include the following:
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Bowman A. W. and Azzalini A. (1997), Applie oo ing e niues or Daa
Anal sis e Kernel Approa i lus llus ra 1ons, Oxford University Press,
Oxford.

Cleveland W. (1993), isuali ing Da a, Hobart Press, Summit, NJ.

Davison A. C. and Hinkley D. V. (1997), oo srap e o san eir Appli a ion,
Cambridge University Press, Cambridge.

Everitt B. (1994), A an o0 o aisi al Anal ses using lus, Chapman and
Hall, London.

Hérdle W. (1991), oo ing e ni ues i ple en aion in , Springer, New
ork.
Krause A. and Olson M. (1997), e asi so an lus, Springer, New ork.

Marazzi A. (1993), Algori s, ou ines an un ons or o0 us ais i s,
Chapman and Hall, London.

Spector P. (1994), An nro u ion o an lus, Duxbury Press, Belmont, Cal-
ifornia.

Venables W. N. and Ripley B. D. (1997), o ern Applie  aisi s i lus,
2nd Ed., Springer, New ork.

They go far beyond the coverage of this guide, including many topics (such as robust
statistics, non-linear regressions, modern regression, survival analysis, tree-based models,
time series and spatial statistics) not covered here, as well as in greater depth on what is
covered. Moreover, for readers of German there are:

Boker F. (1997), lus  Learning  Doing  ine Anlei ung w Ar eien i
L, Verlag Lucius & Lucius.

Krause A. (1997), in w rung in  un lus, Springer Verlag, New ork.

Suselbeck B. (1993), un lus  ine inw rung in rogra  ierung un An
en ung, Gustav Fischer Verlag, Jenna, New ork.

For readers of French there is:

Baumgartner M. (1994), ne in ro u ion a lus ersion .1 pour li on rap
i s ris, Departement de Mathematiques, Chaire de Statistique, EPFL, CH-1015
Lausanne.

The later can be downloaded from the course home page:

http://statwww.epfl.ch/splus/
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1. ssentials

This section covers the basics of starting S-PLUS, of constructing S-PLUS expressions, of
getting help by use of the built-in help system, and some general information.

1. .1 e in e

To start S-PLus, type the following at the UNIX shell prompt, and press the RETURN
key:

$ plus

Only the ¢ 7 is capitalized. When you press RETURN, a copyright message appears:

U : opy ight ¢ ath oft Inc.
opy ight
e sion . elease fo ilicon aphics I is I IX
o king data will e in .Data

>

ou get the S-PLUS prompt ‘>’, waiting for input from you. ou can use S-PLUS by
typing expressions after the prompt and pressing the RETURN key. Among the simplest
S-PLUS expressions are arithmetic ones such as

>

>

The symbols ¢’ and ‘ ’ represent S-PLUS operators for addition and multiplication,
respectively. In addition to the usual arithmetic and logical operators, S-PLUS has special
operators for special purposes. For example, the colon operator ‘:’ is used to obtain
sequences:

>

The in each of the output lines is the index of the first S-PLUS response on the line of

S-PrLus output. If S-PLUS is responding with a long vector of results, each line is preceded
by the index of the first response of that line. The most common S-PLUS expression is the
function call. An example of a function in S-PLUS is the ¢ function, used for ‘combining’
comma-separated lists of items into a single item. Functions calls are always followed by
a pair of parentheses, with or without any arguments in the parentheses. An example is
given by
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Let us now introduce some basic typing syntax and conventions in S-PLuUS. Note that
S-PLuUs ignores most spaces, for example:

However, do not put spaces in the middle of numbers or names. For example, if you wish
to add and , the expression causes an error. Also when you type a RETURN
and it is clear to S-PLUS that an expression is incomplete (for example, the last character
is an operator, or there is a missing parenthesis), S-PLUS provides a continuation prompt
to remind you to complete the expression. The default continuation prompt is ¢ ’. Here
are two examples of incomplete expressions

In each of the above cases, the user completed the expression after the continuation
prompt, ¢ ', and then S-PLUS responded with the result of the evaluation of the complete
expression.

Sometimes you may want to stop the evaluation of an S-PLUS expression. For example,
you may suddenly realize you want to use a different command, or the output display of
data on the screen is extremely long and you do not want to look at all of it. To interrupt
S-PLus, use the UNIX interrupt command, which on most systems consists of CTRL-C
(pressing the C key while holding down the CONTROL key).

Elementary commands consist of either expressions or assignments. If an expression is
given as a command, it is evaluated, printed, and the value is discarded. An assignment
also evaluates an expression and passes the value, which can be changed, but the default
is assumed here. In fact it is kept in the (hidden) variable . ast. alue:

> . ast. alue
So far, in all of the examples, S-PLUS has simply returned a value. To reuse the value of

an S-PLUS expression, you must assign it with the ¢ 7 operator. For example, to assign
the expression ¢ to an S-PLUS object named my ecto , you would type
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> my ecto C

S-PLUS creates the object my ecto and returns an S-PLUs prompt. To view the contents
of the newly created object, just type its name

> my ecto

Like most UNIX-based packages S-PLUS is case sensitive, and so all S-PLUS objects,
arguments, names, and so on. In the following example, you get an error message if you
do not type my ecto exactly as stated, including matching all upper case and lower case
letters.

> y ecto

o : ect y ecto not found
>

o : ect not found

To get a list of all the S-PLUS objects in your .Data directory — the S-PLUS working
directory, where all the objects you create are stored — type

> 1s
my ecto

A more sophicated version of 1s is the function o ects, which can be used to list only
a subset of the objects. To find all the objects starting with ‘m’ in the working directory,
use

> o0 ects patten m
my ecto

To remove a object, say my ecto , from this directory, type
> m my ecto

It is important to note that objects in your .Data directory will take precedence over
system objects of the same name. This is a frequent cause of rather obscure errors, and
can cause apparently correct behaviour but erroneous results. Avoid using names such as
c, s, t, etc. for your own objects. Say you want to create an object called t:
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Everything seems to work fine, but in removing t from your .Data directory and in
recalling t,

> mt

>t
function
Use ethod t

you see that this object already exists — as we will see later, it returns a matrix which
is the transpose of the input matrix. Note that this is a generic function (Use ethod),
meaning that the action depends on the type of object given as an argument. These func-
tions are utility functions for object-oriented programming. The idea of object-oriented
programming is simple, but carries a lot of weight. Here is the whole thing: if you told
a group of people to dress for work, then you would expect each to put on clothes ap-
propriate for that individual’s job. Likewise it is possible for S objects to get dressed
appropriately depending on what class of object they are. Object-orientation simplifies.
If you want to print an object, you do not need to find out what type of object it is, then
try to remember the proper function to use on that type of object, and then do it. ou
merely use p int and the right thing happens, e.g.

> p int my ecto
It can also simplify programming. Programming is simplifled for the reason above, and
it also suggests a proper ensemble of functions to write for a particular application. Al-

though technical information is more sparse than one would hope at the S-PLUS site of
MathSoft, there is a very useful article on this issue by Rich Calaway:

http://www.mathsoft.com/splus/sp ess/ op.htm

1. .2 i in

Finally, to quit S-PLUS and get back to UNIX, use the function:

>

The ¢ 7 are required with the command to quit S-PLUS because is an S-PLUS

function. Parentheses are required with all S-PLUS functions.

1. . e Help e

If you need help at any time during an S-PLUS session, you can obtain it easily with the
and help functions. The function has simpler syntax — it requires no parentheses
in most instances:
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>t
at i anspose
D I IN:
etu ns a mat i which is the +t anspose of the input.
his 1is a gene ic function. In pa ticula the e ae t
methods fo a ious mat i classes in the at i 1i a y.
U
t
t.default

UI D Uu N
mat i . issing alues N s a e allowed.

U
t anspose of ows of a e columns of the esult so
that t i is the same as i

ape m fo the gene ali ed t anspose of a ays. sol e fo
the inese of a mat i . 1i a y help at i  fo a
gene al desc iption of the at i 1i a y.

amat autho .count
t amat

The same result is given by help t . Both  and help use the less pager (provided with
S-Prus) to display the requested help.  ou can use the ‘d” and ‘u” keys to page down
and up, respectively use the ‘q’ key to exit help and return to the S-PLUS prompt. The

command is particularly useful for obtaining information on classes and methods. If
you use with a function call, S-PLUS offers documentation on the function name itself
and on all methods that might be used with the function if evaluated. In particular,
if the function call is methods name , where name is a function name, S-PLUS offers
documentation on all methods for name available in the current search list. For example,

> methods t
he following a e possi le methods fo t
elect any fo which you want to see documentation:

: t.data.f ame
: t.default

: T.test
election:
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ou enter the number of the desired method and S-PLUS prints the associated help file,
if it exists — the  command does not check for the existence of the help files before
constructing the menu. After each menu selection, S-PLUS presents an updated menu
showing the remaining choices. To get back to the S-PLUS prompt from within a menu,
enter © '.  ou call help with the name of an S-PLUS function, operator, or data set as
argument.

To get the most information from the S-PLUS help system, you should become familiar
with the general arrangement of help files. Help files are organized as follows (not all files
contain all sections):

D I T N. A brief description of the function’s main use.

U . Provides the correct syntax for a call to the function. Arguments for which
just the argument name is given are required, while arguments stated in the form
name value are optional arguments, where the given value is the default value.

UI D U N . Lists arguments required in every call to the function. If not
supplied, an error results.

IN U N . Lists arguments that may be supplied in a call to the func-
tion. If not supplied, default values are used.

1D . Lists any effects of the function other than returning a value.

D I . Documents some of the computational details describing the implementa-
tion of the function.

N . References to scientific literature or books which describe in further
detail the methodology or interpretation of the results of this function.

. Lists related S-PLus functions.

X . Gives examples of use of the function.
Under the X11 window system, the help file can be forced to appear in its own window,
> help t window

where stands for TRUE. Assumed that the printer environment variable is set, the help
page can be printed by

> help t offline

For a feature specified by special characters care is needed. For example:
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> help
ynta e o : used illegally at this point:
help

In such cases the argument must be included in double (), or single quotes (), making
it an entity known in S-PLUS as character string. Two alternative ways of getting help
on the addition operator are

> help
>

The S-PLus version 3.4 for UNIX has also a window system, which allows you to search
for help files by topic and to display them. ou can look at many help files at the same
time and keep them on the screen as you continue working. Type

> help.sta t gui motif

I did not emphasize this built-in help window system earlier as the function help.sta t
is no longer present in the newest version of S-PLUS, i.e. version 5.0 for SUN or Linux.

1. . ene |1 n in

All the objects you create in S-PLUS are stored in a directory .Data. Note that as the
directory name .Data begins with ‘." it will normally be hidden in file listings from UNIX
by 1s. To see it, type the following at the UNIX shell prompt:

$ 1s al

If there is a .Data directory in the current directory when S-PLUS is invoked, that di-

rectory is used rather than the directory of your home directory, or such a directory is
created with a warning:

Initiali ing login di ecto y fo new U wuse .

The following provides one way to organize your S-PLUS, using separate directories for
each project, e.g. suppose you want to have a new working directory for S-PLuUS, say
mysplus:

$ mkdi mysplus

Now, change to this directory:
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$ cd mysplus
and make a subdirectory of mysplus called .Data:
$ mkdi .Data

This subdirectory is for use by S-PLUS itself. Note that this directory only has to be cre-
ated once. An advantage of S-PLUS is that all created objects are stored in the directory
.Data, and they are retained until explicitly deleted. So, in in contrast to other statisti-
cal softwares, where you have to explicitly state what you want to save before quitting,
the created S-PLUS objects remain permanently even after quitting S-PLUS. By the time
your .Data directory may contain a few hundred objects, and so you should clean up your
.Data directory from time to time in order to not be yelled by your system administrator
for hogging all the disk-space.

S-PrLus keeps a record of all commands in the . udit file in your .Data. This is a
hidden file and can grow rather fast as well. To clean out the . udit file entirely, type
$ plus UN UDI

The following output is produced:

uncating audit file .Data/. udit to most ecent cha acte s
udit file eset

If you like to keep the most recent 100000 characters, type

$ plus UN UDI

1. . n ine iin
Included with S-PLUS is a command line editor that can help improve your productivity
by enabling you to recall and edit previously issued S-PLUS commands. The editor can

do either emacs- or vi-style editing. To be valid, the value for the environment variable
_ DI must be ‘vi’ or ‘emacs’, i.e. in the UNIX shell type

$ seten DI emacs

To use the command line editor within S-PrLus, start S-PLus with the following com-
mand:

$ plus e
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‘ ction ‘ e acs eystro es
backward character | CTRL-B
forward character CTRL-F
previous line CTRL-P
next line CTRL-N
beginning of line CTRL-A
end of line CTRL-E
forward word ESC-F
backward word ESC-B
kill char CTRL-D
kill line CTRL-K
delete word ESC-D
search backward CTRL-R
transpose chars CTRL-T

Table 1.1: Command line editing for the emacs mode in S-PrUs.

Table 1.1 summarizes the most useful editing commands for the emacs mode of the com-
mand line editor. Moreover, to avoid forgetting to involve these two commands in order
to start S-PLUS, you can use an alias, which for C-shell users would look like:

alias seten DI emacs plus e

As an example of using the command line editor, suppose you have started S-PLus with
the emacs option. Suppose you wanted to get some help on the plot function by typing
the following;:

> help plto
No documentation a aila le fo  plto

Type CTRL-P to recall the previous line, then use CTRL-B to return to the ‘t’ in ‘plto.’
Finally, type CTRL-T to transpose the ‘t” and the ‘o’. Press RETURN to issue the edited
command.
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Chapter

Introductory Session

One of the best ways to getting acquainted with S-PLuS is to use it to help you to
understand a particular set of data. So let us consider data issued from the lottery, where
you might be motivated to perform data analysis. The readers are invited to work through
the following familiarization session and see what happens. First-time users may not yet
understand every detail, but the best plan is to type what you see and observe what
happens as a result.

This chapter is mainly based on Becker, Chambers and Wilks’s book (1988, e e
Language, Chapter 1).

2.1 Ho to eat the ottery

The specific data we will look at concerns the New Jersey Pick-It Lottery. Our data is for
254 drawings just after the lottery was started, from May, 1975 to March, 1976. Pick-It
is a parimutuel game, meaning that the winners share a fraction of the money taken in
for the particular drawing. Each ticket cost fifty cents and at the time of purchase the
player picks a three-digit number ranging from 000 to 999. The money bet during the
day is placed in a prize pool and anyone who picked the winning number shares equally
in the pool.

The data available gives for each drawing the winning number and the payoff for a
winning ticket. The winning numbers and the corresponding payoffs are:

> lotte y.num e # ntthe mnnn n me
> lotte y.payoff # nitthe a o

To get a description of the data, type
> help lotte y.num e

15
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> help lotte y.payoff

This data are an example of so-called built-in data, which come with S-PLus. A list
of all built-in data is given in the printed S-PLUS manuals.

From the print of the two data we notice that, for the first drawing, the winning
number was 810 and it paid 190.00 to each winning ticket holder. In what follows we
will try to examine the data. Numerical summaries provide a statistical synopsis of the
data in a tabular format. Such a function is summa y. The following displays a summary
of the lottery payoffs:

> summa y lotte y.payoff
in. st u. edian ean d u. a .

We read from this that the mean payoff was 290.4, that the payoffs ranged from 83 to
869.5 and that 50 off all payoffs lay between 194.2 and 364. The quantiles for a set
of data can also be computed by means of uantile uantiles . For example,

> uantile lotte y.payoff c .

This means that 25 of the values are less than 194, and 75 of the payoffs are less than
365.

A better way to understand the data is to look at it graphically. To do so, you have
to turn on the graphics window. For the X11 window system a possible device is:

> motif

A seperate window should appear on your screen.

In our data, to detect long-term irregularities we will look at the winning numbers to
see if they appear to be chosen at random. To do so we could produce a histogram of the
lottery numbers:

> hist lotte y.num e

The histogram is shown in Figure 2.1. Since there are 10 bars, the count should be
approximately 25 bar at the left represents the one time that 000 was the winning num-
ber. It looks fairly flat — no need to inform a jury. Of course, most of our attention
will probably be directed at the payoffs. Elementary probabilistic reasoning tells us that
a single number we pick has a 1 in 1000 chance of winning. If we play many times, we
expect about 1 winning number per 1000 plays. Since a ticket costs fifty cents, 1000 plays
will cost 500, so we hope to win at least 500 each time we win, otherwise we will lose
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Figure 2.1: Histogram of the winning numbers from 254 lottery drawings.

money in the long run. So, let us make a histogram of the payoffs.
> hist lotte y.payoff

Figure 2.2 shows that payoffs range from less than 100 to more than 800, although the
bulk of the payoffs are between 100 and 400, i.e. there were a number of payoffs larger
than 500 — perhaps we have a chance. The widely varying payoffs are primarily due to
the parimutuel betting in the lottery: if you win when few others win, you will get a large
payoff. If you are unlucky enough to win along with others, the payoff may be relatively
small. Let us see what the largest and the smallest payoffs and corresponding winning

0 200 0 800

Figure 2.2: Histogram of the lottery payoffs.
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lottery.payoff

numbers were:

> ma lotte y.payoff #the a et ao
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> lotte y.num e lotte y.payoff ma lotte y.payoff
> min lotte y.payoff #the ma et a o

> lotte y.num e lotte y.payoff min lotte y.payoff

Winners who bet on ‘123" must have been disappointed 83 is not a very large pay-
off. On the other hand 869.50 is very nice. Since the winning numbers and the payoffs
come in pairs, a number and a payoff for each drawing, we can produce a scatterplot of
the data to see if there is any relationship between the payoff and the winning number.
S-PLus provides a generic plotting function, plot, which produces different kinds of plots
depending on the data passed to it. In its most common use, it produces a scatterplot of
two numeric objects:

> plot lotte y.num e lotte y.payoff

What do you see in the Figure 2.3 Does the payoff seem to depend on the position of

lottery.payoff
600 800

400

200

0 200 400 600 800 1000

lottery.number

Figure 2.3: Scatterplot of winning number and payoff for the 254 drawings.

the winning number Perhaps it would help to add a ‘middle’ line that follows the overall
pattern of the data:

> lines lowess lotte y.num e lotte y.payoff f .

This command superimposes a smooth curve on the winning number and payoff scat-
terplot. The result is given in Figure 2.4. Can you see the interesting characteristics
now There are substantially higher payoffs for numbers with a leading zero, meaning
fewer people bet on these numbers. Perhaps that reflects people’s reluctance to think of
numbers with leading zeros. After all, no one writes 010 on a ten dollar check Also note
that, expect for the numbers with leading zeros, payoffs seem to increase as the winning
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Figure 2.4: A smooth curve is superimposed on the winning number and payoff scatterplot.

number increases. It would be interesting to see exactly what numbers correspond to the
large payoffs. Fortunately, with an interactive graphical input device, we can do that by
simply pointing at the ‘outliers’

> identify lotte y.num e lotte y.payoff 1lotte y.num e

To identify a payoff with its corresponding winning number just click on a point using
the left mouse boutton. Once you have pointed out the ‘outliers’ just click on the middle
mouse boutton. Can you see in Figure 2.5 the pattern in the numbers with very high
payoffs As a little help it is to say that the lottery has a mode of betting, called ‘combi-
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Figure 2.5: Outliers on the scatterplot are labelled with the actual winning number.

nation bets’ where players win if the digits in their number appear in any order (Ticket
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123 would win on 321, 231). The pattern in the numbers is that most of the numbers with
high payoffs have duplicate digits. This results from the fact that payoffs for the numbers
with duplicate digits are not shared with combination bettors, and thus are higher.

Another method to look out for ‘outliers’ is to make a boxplot of the data. We no-
ticed before that the payoffs seem to depend on the first digit of the winning number.
So it would be interesting to draw boxes for the ten subsets of payoffs in a single plot to
study this phenomenon graphically. Rather than extracting each set separately, we use
the S-PLUS function split to create a list, where each element of the list gives all of the
payoffs that correspond to a particular first digit of the winning number. The o plot
function will draw a box for each element in the list.

> digit t unc lotte y.num e / #the td t

> o plot split lotte y.payoff digit # o oto data t 0
> title 1la i st Digit of inning Num e yla ayoff

> a line h # ho onta ne at

The box in a boxplot contains the middle half of the data the whiskers extending from
the box reach to the most extreme non-outlier outlying points are plotted individually.
Notice in Figure 2.6 the high payoffs for the first box. The graphic shows us as well that
it is rare for a payoff to exceed 500.
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Figure 2.6: Boxplot of payoffs grouped by leading digit of the winning number.

So, place your bet if you enjoy gambling. Do not expect to win.



Chapter

Data Manipulation

1 asic Data ani ulation

The basic data objects in S-PLUS are vectors, arrays, lists and data frames. In this
section, each of them will be described in more detail.

d.1 e n e

S-PLuUs operates on named data structures. The simplest such structure is the vector,
which is a single entity consisting of an ordered collection of numbers. For example,

> . ecto C

is a vector consisting of five numbers, namely 5.1, 6.3, 7.8, 9.3 and 10.5. The previous
S-PLUS command is an assignment statement () using the function c, which combines
the five values into a vector. Note that the assignments can also be made in the other
direction, using the obvious change in the assignment operator. So the same assignment
could be made using

> c . . . . . > . ecto

If an expression is used as a complete command, the value is printed and lost. So if
we were to use the command

> / . ecto

the reciprocals of the five values would be printed and, of course, the value of . ecto
would be unchanged,

21
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> . ecto

Vectors can be used in arithmetic expressions, in which case the operations are performed
element-by-element. The following elementary arithmetic operations work on each ele-
ment of . ecto :

> . ecto

> . ecto

> . ecto

where ¢ 7 stands for raising to a power. Any time you use an operator with a vector as

one argument and a number as the other argument, the operation is performed on each
component of the vector. Let us construct a second vector,

> y. ecto C

which has the same length as . ecto . Vectors occurring in the same expression need
not all be of the same length. If they are not, the value of the expression is a vector with
the same length as the longest vector which occurs in the expression. Shorter vectors in
the expression are recycled as often as they need to be until they match the length of
the longest vector for this the length of the vectors have to be multiples. In particular a
constant is simply repeated. So with the above assignments the command

> new. ecto . ecto y. ecto

generates a new vector new. ecto of length 5 constructed by adding together, element-
by-element,, . ecto, y. ecto,and repeated five times. In addition all of the
common arithmetic functions are available, e.g. log, log , e p, sin, cos, tan, s t,
and so on, all have their usual meaning. ma and min select the largest and smallest
elements of an vector respectively. ange is a function whose value is a vector of length
two, namely the vector containing the minimum and the maximum of all of the elements,

e.g.
> ange . ecto

> cmin . ecto ma . ecto

The element-by-element maximum and minimum of two or more vectors are given by
pma and pmin. The function length gives the number of elements,
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> length . ecto

Hence, valid indices for the vector . ecto are in the range :length . ecto . El-
ements of a vector may be extracted by specifying the element in square brackets, *
For example, . ecto is the third component of . ecto , and

> . ecto

selects the first three elements of . ecto , assuming length . ecto . The
same is obtained by . ecto ¢ . Of particular interest are the following two

functions: sum gives the total of the elements and p od their product,

> sum . ecto

>p od . ecto

So far, we have only seen vectors consisting of numbers, but a vector can also consist of
an array of logical values:

where stands for U and stands for . Or you can have a set of character strings:

S-PLUs has a number of facilities for generating commonly used sequences of numbers.
For example : is the vector

>
The colon operator has highest priority within an expression, so, for example :  isthe
vector ¢ . To construct a backwards sequence,

you can use

The function se is a more general facility for generating sequences. From its help file
> se

we see that it has five arguments. The first two arguments, if given, specify the be-
ginning and end of the sequence, and if these are the only two arguments given the result
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is the same as the colon operator, i.e. : is the same vector as
> se
So are se f om to and se to f om . The next two parameters to

se specify a step size and a length for the sequence respectively. If neither of these is
given, the default is assumed. To generate a sequence from 0 to 1 with spacing of 0.1
between successive values, type

Or you can specify the beginning, the increment, and the length with either the length
argument or the along argument:

> se y . length
> se y . along
A related function is ep which repeats a value by specifying either a times argument

or a length argument. If times is specified, the value is repeated the number of times
specified (the value may be a vector):

>ep
> epc

If times is a vector with the same length as the vector of values being repeated, each
value is repeated the corresponding number of times.

Moreover, the function paste can be used to create some special vectors, e.g.

> paste no : sep
no. no. no.

The o de function produces the vector of indices that will sort a vector. That is,
ecto o de . ecto is the same as so t . ecto . The function o de is
useful when you want to sort several vectors in parallel:
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> .o de o de . ecto

> .o de

> .so ted .0 de .0 de
> y.so ted y. ecto .0 de
> y.so ted

.so0 ted is actually sorted y.so ted probably is not sorted but it is in the order that
made . ecto sorted. To reverse the order of a vector or list, one can use the e
function. So you might have

> . ecto e o de . ecto

Additional functions for manipulating vectors are uni ue and duplicated, which re-
turns the values of the input without any repetition, or a logical vector denoting which
elements duplicate previous elements. For example, to get the sorted list of

> toso t. ecto epc D c

with no duplicates, type

> 8o t uni ue toso t. ecto
D

@
=

d.2

Matrices

An important data object type in S-PLUS is the two-way array, or matrix object. Matrices
and their higher-dimensional analogues, arrays, are related to vectors, but have an extra
structure imposed on them. Matrices are used to arrange values by rows and columns in a
rectangular table. For data analysis, different variables are usually represented by different
columns, and different cases or subjects are represented by different rows. Thus matrices
are convenient for grouping together observations that have been measured on the same
set of subjects and variables. Matrices differ from vectors by having a ‘dimension’, that is,

the number of rows and columns. For example, the vector . ecto has no ‘dimension’:
> dim . ecto
NU

To turn . ecto into a matrix one has simply to specify its dimension,
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> dim . ecto c
> . ecto

In addition to dim the function as.mat i can be used as well:

> . ecto C

> dim . ecto

NU

> .mat i as.mat i . ecto

> dim .mat i

To create a matrix, one can use the mat i function. The mat i function takes as
arguments a vector and two numbers which specify the number of rows, n ow and columns,
ncol. For example:

> mymat i mat i : n ow ncol y ow
> mymat i

The argument y ow assumes the data values to be the first row, then the second row,
and finally the third row. More often, you need to combine several vectors or matrices
into a single matrix. To combine vectors (and matrices) into matrices, one can use the
functions ¢ ind and ind. The ¢ ind function combines vectors column by column,
and  ind combines vectors row by row.

> ind

> ¢ ind



AnlC UA1A  AINICU ALIUIN Zi

When vectors of different lengths are combined using ¢ ind or  ind, the shorter ones are
replicated cyclically so that the matrix is ‘filled in’. If matrices are combined, they must
have matching numbers of rows when using ¢ ind and matching numbers of columns
when using  ind. Otherwise, S-PLUS prints an error message and the objects are not
combined. For example, using ind:

> ind mymat i

To name the rows or and columns of a matrix, one can use the function dimnames. For
example, suppose that the columns of mymat i contain the colors, say, of different flowers.
In typing

> dimnames mymat i
NU

one sees that this information is not included in the matrix, so one may like to pass a list
of names to mymat i |,

> dimnames mymat i list NU c e own pu ple
sil e lue
> mymat i

ed own pu ple sil e 1lue

An additional example on the use of the function o de is to sort the columns of a matrix
relative to one of the rows, say in the reversed order:

> mymat i e o de mymat i
lue sil e pu ple own ed
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‘ Co and ‘ Description ‘
.mat i Access the element in the ith row th column
.mat i Access ith row
.mat Access th column
.mat 1 A.mat without ith row
.mat A.mat without th column
.mat ec Access the rows defined by the vector ec

Table 3.1: Access elements of the matrix .mat.

Different ways of how to access matrix elements are given in Table 3.1. For matrix

multiplication the operator * ’is used. For example
> mat i . mat i

> mat i

> mat i . mat i

> mat i

are square matrices of the same size. So,

> mat i . mat i

is the matrix of element by element product and

> mat i . mat i

is the matrix product. Moreover, the function t produces the matrix transpose, diag
either creates a diagonal matrix or extracts the diagonal elements of a matrix, eigen
returns the eigenvalues and eigenvectors of a square matrix, chol returns the Choleski
decomposition of a symmetric matrix, computes a QR matrix decomposition, and

sol e performs matrix inversion if given a single argument, or solves systems of linear
equations if given two arguments.

rrays

To create an array in S-PLUS, one has to use the a ay function. The a ay function is
analogous to mat i . It takes data and the appropriate dimensions as arguments, then
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produces the array. If no data is supplied, the array is filled with N s. In the following
example we create a 2 by 4 by 3 array,

> my ect C : :
> newa ay a ay my ect dim c
> newa ay

The first dimension (the rows) is incremented first. This is equivalent to placing the values
column by column. The second dimension (the columns) is incremented second. The third
dimension is incremented by filling a matrix for each level of the third dimension. For
creating arrays from existing vectors, the dim function works for arrays in the same way
it works for matrices. For example, if the data above were stored in the vector my ect,
you could create the above array by defining the ‘dimension’ with the vector ¢ :

> my ect

> dim my ect c

To name each level of each dimension, one can use the dimnames function in the same
way as it is done for matrices.

1. i n e
Lists

An S-Prus list is an object consisting of an ordered collection of objects known as its
components. There is no particular need for the components to be of the same mode or
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type, and, for example, a list could consist of a numeric vector, a logical value, a matrix, a
character array, a function, and so on. Components are always numbered and may always
be referred to as such.

New lists may be formed from existing objects by the function 1list. Consider for
example the following list

> mylist list i st element econd hi d
ou th his is a simple list.
> mylist

$ 1i st element

$ econd:

$ hi d:

$ ou th:
his is a simple list.

Components are always numbered and may always be referred to as such. The func-
tion length mylist gives the number of (top level) components it has: 4 specified as
mylist , mylist and so on. As we named the components of the list, the
component may be referred to either by giving the component name as a character string
in place of the number in double square brackets, or, more conveniently, by giving an
expression of the form

> mylist$ econd

when we want to list the component econd of mylist. This is a very useful conven-
tion as it makes it easier to get the right component if you forget the number, and is
strongly advised. ou can find out the names of the components by the function names,

e.g.
> names mylist

This generates much less output that printing the object, which will achieve the same
purpose. The names of components may be abbreviated down to the minimum number
of letters needed to identify them uniquely. Most of the datasets are in fact lists (or can
be treated as lists), so we could refer to the component econd of mylist as mylist$ .
Moreover, note that lists can be attached, by means of the function attach, as well as
directories, and this allows their components to be accessed as if they were stand-alone
entities.
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Data Fra es

Data frames can be thought of as closely coupled lists of data vectors of the same length.
Unlike matrices, the data vectors can be of different types, including character data. The
main benefit of a data frame is that it allows you to mix data of different types into a
single object in preparation for analysis and modeling. The idea of a data frame is to
group data by variables (columns) regardless of their type. Then all the observations on
a particular set of variables can be grouped into a single data frame. This is particularly
useful in data analysis where it is typical to have a ‘character’ variable labeling each
observation, one or more ‘numeric’ variables of observations, and one or more categorical
variables for grouping observations. Consider the built-in data frame catalyst, which

represents all possible combinations of two temperatures ( ), two concentrations

( , ), and two catalysts ( , ). The fourth column represents the response variable
ield.

> catalyst

emp onc at ield

One remarks that this data frame has both row and column labels. The columns can be
treated as components of a list:

> catalyst$ emp

and the structure can be treated as a two-dimensional array:

> catalyst
> catalyst ield

> catalyst
emp onc at ield

Note how the row label is carried along. Data frames can be attached just as lists can,
and this allows their columns to be accessed as if they were named vectors.
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> attach catalyst
> at

A data frame can be created from vectors and matrices by the data.f ame function. For
example:

> t eef ame data.f ame diamete c height c
> t eef ame
diamete height

Finally, note that you can create data frames in several ways:

ead.ta le reads in data from an external file (see Section 3.2.1)
data.f ame binds together S-PLUS objects of various kinds and
as.data.f ame coerces objects of a particular type to objects of class data.f ame.

ou can also combine existing data frames in several ways, using the ¢ ind, ind, and
me ge functions.

1. i 1l n i in 1 e
Logical alues

Comparisons and logical operations are frequently convenient for extracting subsets of
data, and conditionals using logical comparisons play an important role in flow of control
in functions. Table 3.2 lists the S-PLUS logical and comparison operators. The elements
of a logical vector have just two possible values, represented formally as  (for ‘false’) and

(for ‘true’). Note that U and are also valid representations. Logical vectors
are generated by conditions. For example

> . ecto
> . ecto >

produces a vector of the same length as . ecto with values corresponding to elements
of . ecto where the condition is not met and where it is.
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perator ‘ Explanation

equal to
not equal to
> greater than
less than
> greater than or equal to

less than or equal to
vectorized ‘And’
vectorized ‘Or’
control ‘And’
control ‘Or’

not

Table 3.2: Logical and comparison operators in S-PLUS.

Subsets of a vector (or any expression that evaluates to a vector) may be selected
by appending to the name of the vector an index vector in square brackets. Such index
vectors can be any logical vector, which must be of the same length as the vector from
which elements are to be selected. Values corresponding to in the index vector are
selected and those corresponding to  omitted. For example

> inde . ecto >
> new . ecto . ecto 1inde
> new . ecto

creates a vector new . ecto satisfying the condition . ecto > . Additional ex-
amples of the S-PLUS logical and comparison operators listed in Table 3.2 follow:

> . ecto
> . ecto > . ecto
> . ecto . ecto >

Moreover, the functions all and any can also be useful:

> all . ecto

> any . ecto
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Missing alues

In some cases the components of a vector may not be completely known. When an element
or value is ‘not available’ or a ‘missing value’ in the statistical sense, a place within a vector
may be reserved for it by assigning it the special value N . In general any operation on
an N becomes an N . The motivation for this rule is simply that if the specification
of an operation is incomplete, the result cannot be known and hence is not available.
For example, let na. ecto be the vector c N . The is.na na. ecto gives a
logical vector of the same size as na. ecto with value if and only if the corresponding
element in na. ecto isN .

> na. ecto C N
> is.na na. ecto

For example,
> no.na. ecto na. ecto is.na na. ecto

creates (or re-creates) an object no.na. ecto which will contain the non-missing val-
ues of na. ecto , in the same order. Note that as na. ecto has missing values,
no.na. ecto is shorter than na. ecto .

2 m ortin and ortin Data

The actual version of S-PLus for UNIX, i.e. version 5.0, makes it easy to read data from
virtually any source. Its comprehensive import export capabilities (like the functions
impo tData, e po tData, openData, eadNe tData ows) free you from spending time
moving data from source to source, allowing you to focus on your analysis. ou can
directly import and export data in the following formats and databases: Oracle, Sybase,
Informix, SAS, SPSS, Excel (version 4 or earlier), ODBC databases, Text (ASCII) files,
Quattro Pro, Lotus 1-2-3, dBase, Formatted ASCII, Systat, Stata, Gauss, and MatLab.

But, unfortunately, this functions does not exist for S-PLUS version 3.4 for UNIX.
As T will describe in this section only functions coming with version 3.4, I refer readers
using S-PLus version 5 for UNIX to the ‘S-Plus 5 for UNIX User’s Guide’. Note that
while impo tData is the recommended method for reading data files into S-PLus, there
are several other functions that you can use to read ASCII data into S-PLus. These
functions are commonly used by other functions in S-PLUS and are part of S-PLUS 3.4,
so it is a good idea even for S-PLUS 5 users to familiarize with them. In S-PLUS version
3.4 for UNIX, the principal tools for importing exporting data are the following functions:
sou ce, scan, ead.ta le, dump, esto e, cat,w ite, w ite.ta le and sink.
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2.1 e n p in

Commands can be stored in an external file and executed using the sou ce function. For
example, if a series of S-PLUS instructions were stored on a file commands. they would
be caused to run by the command:

> sou ce commands.

The ead.ta le function reads in a file creates a data frame. Data frames in S-
Prus were designed to resemble tables. They must have a rectangular arrangement of
values and typically have row and column labels. Data frames arise frequently in designed
experiments and other situations. If you have a text file with data arranged in the form
of a table, you can read it into S-PLUS using the ead.ta le function. For example,
consider the data file auto.dat:

odel ice ount y elia ileage ype

cu alnteg a apan N mall
udi e many N N edium
i e many N ompact
he wumina U N N edium

o d esti a Ko ea mall
a da apan edium
a da X iata apan N N po ty
Nissan X apan N N po ty
lds alais U ompact
oyota essida apan edium

All fields are separated by spaces and the first line is a header line. To create a data frame
from this data file, use ead.ta le as follows:

> auto ead.ta le auto.dat heade
> auto

ice ount y elia ileage ype
cu alnteg a apan N mall
udi e many N N edium
i e many N  ompact
he umina U N N edium
o d esti a Ko ea mall
a da apan edium
a da X iata apan N N po ty
Nissan X apan N N po ty
lds alais U ompact

oyota essida apan edium
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The scan function, which can read from either standard input or from a file, is com-
monly used to read data from keyboard input. By default, scan expects numeric data
separated by white space, although there are options with scan that let you specify the
type of data being read and the separator. When using scan to read data files, it is helpful
to think of each line of the data file as a record, or case, with individual observations as
fields. For example, the following expression creates a matrix named test.file from a
data file specified by the user:

> test.file mat i scan filename ncol y ow

Here the data file is assumed to have 6 columns of numeric data the matrix contains
a number of observations for each of these ten variables. To read in a file of character
data, use scan with the what argument:

> test.file mat i scan filename  what ncol y ow

The what argument to scan can also be used to read in data files of mixed type, for
example, a file containing both numeric and character data, as in the following sample
file, ta le.dat:

om
oe
Da e

In this case, you provide a list as the value for what, with each list component correspond-
ing to a particular field:

> test.file scan ta le.dat what list
> test.file

om oe Da e

S-PLUS creates a list with separate components for each field specified in the what list.
ou can turn this into a matrix, with the subject names as column names, as follows:

> test.mat i ind test.file test.file
> dimnames test.mat i list NU test.file
> test.mat i
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om oe Da e

ou can scan files containing multiple line records by using the argument multi.line

2.2 e n p in

When you want to export data to share with another S-PLUS user, use the to S-PLUS
data.dump function:

> data.dump test

By default, the data object test is exported to the file dumpdata in your S-PLUS startup
directory. ou can specify a different output file with the file argument to data.dump:

> data.dump test file test.dmp

To bring back into S-PrLus dumped objects, i.e. objects created by data.dump, you
have to use the esto e function.

The inverse operation to the scan function is provided by the cat and w ite functions.
Similarly, the inverse operation to ead.ta le is provided by w ite.ta le. The result
of either w ite or cat is just an ASCII file with data in it. There is no S-PLUS structure
written in. Of the two commands, w ite has an argument for specifying the number of
columns and thus is more useful for retaining the format of a matrix. By default, w ite
writes matrices column by column, five values per line. If you want the matrix represented
in the ASCII file in the same form it is represented in S-P S, transform the matrix
first with the t function and specify the number of columns in your original matrix:

> mymat i

> w ite t mymat i mymat i ncol

ou can view the resulting file with a text editor or pager it contains the following three
lines:
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The cat function is a general-purpose writing tool in S-P S, used for writing to the
screen as well as writing to files. To use cat to write to a file, simply specify a file name
with the file argument:

> test. ecto
> cat test. ecto file test. ecto fill

The argument £ill limits line length in the output file to the width specified in your
options object. The files written by cat and w ite do not contain S-PLUS structure
information to read them back into S-PLUS you must reconstruct this information The
w ite.ta le function can be used to export a data frame, say the built-in data frame
fuel.f ame, into an ASCII text file:

> w ite.ta le fuel.f ame fuel.t t
Finally, the S-PLUS command
> sink sink.t t

will divert all subsequent output from the terminal to an external file sink.t t. The
command sink  will restore output to the terminal.

) ercises

Exercise 31 For the numbers

a) Find their mean.

(a)

(b) Substract the mean from each number.

(¢) Calculate the square roots of the numbers.
)

(d) Print those numbers which are larger than their square roots.

Exercise 3 2 Putn and compare the sequences :n and : n

Exercise 3 3 What is the value of the expression : : . Explain how this partic-
ular result is computed.

Exercise 3 4 Generate a sequence from 1 to 10 with spacing 0.5 in three different ways
using the se function.

Exercise 3 5 Use the se and ep functions to produce a vector containing:
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(a) thevalues: 1234123412341234
(b) the values: 4444333322221111
(c) the values: 122333444455555 and
(d) the values: 11 335577909.

Exercise 3 6 Use the function paste to create the following character vector:
X X ... X

Exercise 3 7 Suppose you have an object, X, containing some numbers ranging from 0
to 100 (maybe repeated). Now you would like to create another object from X in such
a way that all numbers which are less than 10 or greater than 90 must be excluded. How
can do you that

Exercise 3 8 Suppose you have an object containing the following characters:
. N N ... N
Create an object from containing only the four characters N

Exercise 3 9 Consider the two matrices

and

(a) Create and  in S-PLus.
(b) Multiply by itself element by element, and by matrix multiplication.

(¢) Multiply by , and multiply the transpose of by

Exercise 3 10 Consider the following matrix  o.mat:

(a) Create o.mat in S-Prus.
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(b) Extract the diagonal elements of o.mat, and create a square matrix with this
elements.
(¢) Invert the matrix o.mat.
(d) Calculate the eignevalues of — o.mat.

(e) Let  the vector ¢ , and solve the following system of linear equations:
o.mat . Verify the solution.

Exercise 3 11 Create the following matrices as simple as possible:

Exercise 3 12 Solve the following system of linear equations:

<< <

Exercise 3 13 Consider the built-in data frame catalyst:

> catalyst
emp onc at ield

(a) Reconstruct this data frame by means of functions like ep, data.f ame, etc.
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(b) Export the created data frame to a file named catalyst.dat, and view the resulting
file with a text editor (e.g. emacs, jot, nedit) or a pager (e.g. more, cat, less).

(¢) Import the file catalyst.dat into S-PLUS under the name catalyst.two

(d) Extract the entries for temperature , and those for concentration

Exercise 3 14 Consider the built-in data frame kyphosis, which represents data on 81
children who have had corrective spinal surgery.

(a) Store the entries for children, which had a postoperative deformity (Kyphosis), in
child.yes.

(a) Store the entries for children, which had no postoperative deformity (Kyphosis), in
child.no.

(a) Extract the entries for one month (age) old children.

Exercise 3 15 LTg data To get this data, which is not built-in, you must attach
the library s int o by typing

>1i ay s int o

This library contains the data frame a eX.dat, which gives information on the use
of BIEX for writing PhD thesis at the EPFL for the years 1993-1998.

> a eX.dat
ea Dept a eX
D
D
D
D

The data frame has 566 rows and three columns: the ea of the PhD thesis, the depart-
ment (Dept) in which the thesis was made, and the third column represents the response
variable a eX, i.e. if the thesis has been written in KIEX or not.

(a) From a eX.dat create a data frame, or a matrix, containing only the entries for
1997, and denore it by .dat.

(b) From .dat create a data frame, or a matrix, containing only the entries for a
particular department.
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(¢) For this subset of the data calculate the number of thesis for which ITEX was used,
and compute its percentage.

(d) Merge (a) and (b) together by using a single S-PLUS command.

(e) From a eX.dat create a data frame, or a matrix, containing only the a eX
entries, and calculate for each department the number of thesis using EIEX.

Exercise 3 16 Consider the data from the New Jersey Pick-it Lottery, which are in
S-PLUS under the names lotte y.num e and lotte y.payoff.

(a) Find which winning numbers had payoffs of more than 500.

(b) Find the 10 smallest payoffs and the corresponding ‘unlucky’ numbers. Hint: the
function o de is helpful.
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Graphics

Note that S-PLus 4.0 for Windows introduced a completely separate style of graphics
based on menus and toolbars with simple command-line equivalents. The style of the
interface is designed for intuitive exploration by experienced Windows users most of the
options are set from dialog boxes brought up by selecting and double-clicking or right-
clicking elements on the plot. There are separate dialog boxes for different plot elements.
This graphical system works in a new graphical device called a  rap ee . As this guide
is intended for S-PLus for UNIX users, this device will not be treated in this guide.

1 ntroduction

Graphics are an integral part of S-PLus. The topic deserves a book of its own, and is
only skimmed in this chapter. Two principles that S-PLUS graphics follow is that they
are device independent, and that each graph can be built up with numerous commands.
Device independence means that the same commands are used to create a graph on a
PostScript printer as on a monitor running Motif — the only difference is what type of
graphics device the user has set to listen for graphics commands. The ability to add to
plots means that complex graphics can be created easily. A graphics device is a S-PLUS
function that arranges for graphics to be rendered. For example, the postsc ipt function
makes it so that a file of PostScript commands will result when a graphics command is
given. Graphics devices are put into one of three categories. ar op e i es are for
creating a physical picture the most common is the postsc ipt device. in o e i es
produce graphics when you are running a window system on the network where S-PLUS
is running the S-PLUS motif device is an example. Finally there are er inal e i es
that are used when S-PLUS is run remotely. To inform you of graphics devices available
to you, type

> help De ices

43



vrnar o . nArratuo

A graphics device has a state that is queried and modified by the pa function. The
state is described by a reasonably large number of graphics parameters, which will be
described later on. Graphics functions that say what to draw, as opposed to graphics
devices, are divided into 4g le eland lo le el functions. High-level functions, like plot
and a plot, create an entire new figure. Low-level functions (points and lines, for
example) merely add to the existing figure. Some functions have an add argument so that
they can function in either capacity.

Note that in addition to the graphics features described in this chapter, S-PLUS in-
cludes the Trellis Graphics library. ou will find information at:

http://netli .att.com/p o ects/t ellis/

During this chapter, a graphics device is assumed to be running the S-PLUS motif
device is an example,

> motif

.2 Hi h-level Plottin C
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