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Additional References

e Modern Applied Statigtics with S-Plus, W.
Veneables and B. Ripley

e TheBasicsof Sand S-Plus, A. Krauseand M.
Olson

¢ A Handbook of Statigtical Analysisusing S-Plus,
B. Everitt

History

« Theoriginal development of the Slanguage was
funded under the auspices of the Office of Naval
Research by Professor Ed Wegman

e Shasevolved into S-PLUS and is marketed by
StatSci a Division of M athSoft, Inc.

e SPLUSrunsonboth UNIX (SUN, SGI...) and
PC (Win 95 and Win 98)




Making it Go

¢ Under Unix Type
Ipackage /Splus 33/ Splus (orthe ap propri ate
pathon your m achine)

Onthes cienceclust erjus t
Splus
shouldw ork

¢ Under Windows

Double dick onthe SPLUSicon

S-PLUS: Copyr ightl 988,1 995 MathSoft , Inc.
S:Copy right AT&T.

Version 3.3Re lease 1 for MsWind ows3. 1 :
1995

Working dataw illbe in _Data

Making it Stop

« Type
> a0
« q()isafunctionexeation
« Everythingin S-PLUSisafunction

« gmerely returnsalisting d the function




Syntax
Everything that we typein S-PUS s an expression

We may have multiple expressions on each line
separated by ;
2+3;4*5;6-9

We use <- for making assignments
b<-5+9

S-PL US commands ar e case sensitive

The result of any expression is an object

Executing Unix/Dos/Win
Commands

dos(“dir ")
unix (“Is ™)
win3(“no tepad c:\\windows\\splus .ini")

Note we can usually interrupt things with a
Ctrl -Cor Ctrl -Break




Recalling Previous Commands

¢ InWINDOWSone may usethearrow up key
or the hi story command under the
menus

* InUNIX one may usethe hi st or y() command
or agai n( comand, ed=T)

Getting Help

¢ In both environments we may use
hel p(command nane)
?command nane

*« Wemay also use
?met hods(comand nane)

« For commands with multiple methods based on
different object types




Getting Function Information

To view information on just the arguments to a
function use the command args

> args(hist)
function(x, nclass, breaks, plot = TRUE,

probability
= FALSE, include.lovwest =T, ..., xlab =
depar se(substitute(x)))

NULL

One may also use the arg.dialog function

« Thisallowsoneto call the function on the fly
and to make assignments

Assignmentsin SPLUS

Some Examples

> cat<-45

> dog_66

> cat
[1] 45

> dog
[1] 66

> 77 ->rat
> rat
[1 77

Note = isused for specifying valuesin function calls




Vectors

* A vector example
> a<-¢(1,2,3,4)

> | ength(a)
[1 4

> a
[1] 1234

« Anexample with character strings
> pane<-c("Jeff", " Sol ka")

> name
[1] "Jeff" "Sol ka"

M atrices

e A matrix example
> b<-matri x(nrow=2, ncol =2)

> b

[.1 [.2]
[1,] NA NA
[2,] NA NA

> b[,1] <-c(1,3)
> b[,2]<-c(2,4)

>b

[.1 [.2]
[1,] 1 2
[2,] 3 4




Functions

«  Wewill discuss function at length later but for
now | point out how to edit a function

fix(ftn name) for new functions
edit(ftn nane) for existing ones

e Itispossibleto useother editors (not epad, jot,
vio..L)

Editing Data Sets

*  We may create and modify data sets on the
command line

> xx<-seq(fron¥l,to=5)

> XX
[1] 12345

> xx[ xx>3]
[1] 45

* We may edit our data set in our editor
> nydat a<- dat a. ed( nydat a)




Graphicsin SPLUS

win.grap h() or in UNIX we say motif()

devlist () -list currently opened graphics
devices

dev.cur( ) -listidentifier for the current
graphics device

A simple plotting example

> x< - rno r m(100)

>y< -rno r m(100)

>plot(x )

S-PLUS Search Path

> search ()
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: \\SPLUSAN\\splus \\ _Functi 0"

\\ SPLUSAN\\stat \\ _Functio "

\\ SPLUSAN\\ s\\ _Functio "

\\ SPLUSAN\\ s\\ _Dat aset"

\\ SPLUSAN\\stat\\ _Dataset "

\\ SPLUSAN\\ splus \\ _Datase t"

\\ SPLUSAN\\ | i brary \\trell is\\_Data"

It is sometime convenient to arganize ones projeds
by duplicate S-PLUS iconsand separate Data
files(. Dat a in UNIX)




Assessing Stored Objects

objects()

> object s(patt ern="c oal*")

[1]"coa |.krig e" " coal.m at" "coal .mp"
[4] "coa | .nl1" " coal.p redict"

"coal.si  gnal"
[7]"coa |.varl " "coalsi g.mat"

Removing Stored Objects

rm(x, )

remove(o bjects (patt =“coal* "))




Customizing Your Environment

> option s('edi tor")
options()

$editor:

[1] "not  epad”

>option s(edit or="wr ite")
>option s('edi tor")

$editor:

[1]"wri  te”

>option s(edit or="no tepad")
>option s('edi tor")

$editor:
[1] "not  epad"

Customizing Startup and
Shutdown

.First - Afun ction execut edfrom your _Data
atS - PLUS star tup

* Hence one may have a different .Fi rst in
multiple Dat a; this may be over ridden by
theS_First environment variable.

.L ast isexecuted on ones call to q()




Data M odes

logical - Binary data mode, with values
represented as T or F.

numeric - Numeric data mode includes
integer, single precision, and double precision
representations of numeric values.

complex - Complex numeric values (real and
imaginary parts).

characte r - Character values represented
as strings.

Data Types

vector - A set of dementsin a
specified order.

matrix - A matrix isatwo-dimensional
array of elements of the same mode.

factor - A factor isa vector of
categorical data.

datafra e - A dataframeisatwo-
dimensional array whose columns may
represent data of different modes.

list -Alistisaset of componentsthat
can beany other object type.




Vector Creation Functions.

sc an - Read vaues of any mode.
scan(),s can(“nydata”)

¢ - Combine values of any mode.
c(1,2,3)

rep - Repeat values of any mode.
re p(1,5)

:,  seq - Generate numeric sequences.
seq(1:10:1),1 :10

vector,| ogical,n uneric,c onplex,
char act er - Initialize appropriate types.
vector (‘ nuneric’,4),
lo gical (3),n umeric(5)

Matrix Creation Functions.

mat ri x - create matrix of values.
ma rix(1:6,ncol =3, byrow=T)
Ll 211 .3l
[1,] 1 2 3
[2,] 4 5 6

cbind - Bind together as columns.
o( 1,2, 3)
cbind(1:10,rep(c(1,2),c(5,5)))

rbind - Bind together asrows.

rb i nd(sanpl e(1: 10, rep=T), rnornm(10))

dat a. mat rix - Covert dataframeto matrix.




Data Frames

e read.tabl e -Readsindatafrom an external
file.

e data.frame -Bindstogether S-PLUS objects
of various kinds.

Lists

« The components of alist can be objects of any
mode and type including other lists.

e Listsare useful for returning valuesfrom
functions.

> x<-5

> |ist(original=x,s quare=x"2)
$ori gi nal :

[11 5

$square:
[112 5




scan Function

e Thisisvery useful for reading in vectors or
matrices.

ma< -
marix(scan(“mydata”), ncol =4, byr ow
:T)

r ead.t abl e Function

« Readsan ascii file and creates a data frame.
« Intended for datain tables of rows and columns.

e |f first linein thefile contains column labels and
thefirst columns contain row labelsthen
re ad. t abl e will convert to a a data frame
naturally.

« Field separator is white space.

e Treatscharactersasfactors.




Importing Data

e dBasell,Ill,and IV

e FoxPro

e Clipper

o Xbase

¢ Lotus1-2-3

e Lotus Symphony

e Exce

« Any ODBC Compliant Database

e Select Import-External Filesfromthe S PLUS
for Windows File M enu.

dat a.d ump and
dat a.r est ore

e dunmpandr estore

e Used for S-PLUS Functions

* Mostly Readable by Wetware
e data.dunp and data.restore

e Used for SPLUS Functions and Objects

* Understandable to data.restore only




Arithmetic Operators

* - Multiply

+ - Add

- - Subtract

/ - Divide

A - Exponentiate
Wh - Modulus

%/% - Integer Divide
%*% - Matrix Multiply

N.B. - These are all vectorized.

Comparison Operators

= - Not Equal To

< - LessThan

<= - LessThan or Equal to
== - Equal

> - Greater Than

>= - Greater Than or Equal to




&&

Logical Operators

- Not

- Or (For Calculating Vectors and
Arraysof Logicals)

- Sequential or (for Evaluating
Conditionals)

- And (For Calculating Vecros and
Arraysof Logicals)

- Sequential And (For Evaluating
Conditionals)

M athematical Functions

abs

acos ,

- Absolute Value

asin, atan-InverseTrig.

acosh, asinh, atanh-InverseHyper.

ceiling

floor

Trig.
- Next Larger Integer

- Next Smallest Int.

cos,sin , tan -Trig. Functions

exp

log

-eMXx

- Natural Logarithm

log10 - LogBase 10.

max- Maximum

min - Minimum

sqrt

- Square Root




Statistical Summary Functions
e all -Logical Product

e any-Logical Sum

« length - Length of Object

e max-Maximum Value

* mean- Arithemetic Mean

+ median - Median

e min-Minimum Valuemode
- DataMode

e prod - Product of Values

e quantile -Empirical Quantiles
e sum-Sum

« var - Square Root

e cor - Correlation Between
Matrices or Vectors

Sorting Functions

rev - Put Values of Vectors in Reverse Order

sort - Sort Values of Vector

order - Permutation of Elements to Produce Sorted Order
rank - Ranks of Valuesin Vector

match - Detect Occurences in a Vector

cumsum Cummulative Sums of Valuesin Vector

cumprod - Cumulative Products




Writing Free-format Files

* write
« Allowsoneto spedfy the number of columns

« Don't forget to uset = transpose function and
spedfy number of columns consistent with your
original data (default isto write wlumn by
column)

« cat
¢ Lessuseful than write

* writeta ble
« dataexporting utilitiesunder the windows file

structure

« data.dum p (preferable method), dump

High-L evel Graphics Functions

e win.graph(),motif(),
tr el l'is. device(notif)

« All Examples of Callsto Launch Graphics
Window

« TrellisCall Needsto Be M ade Afti

brary(trellis,first=Ti

> w n. graph() A
> x<-rnorm 100) [
4 + ++;u
> y<-rnorm 100) ey YA
Ry PR
> plot(x,y, pch="+" Wb
[T
N Pt
M + + ﬁ‘ n
+
oot
o R *‘*




Univariate Plotting Functions

bar pl ot - Createsa Bar Plot

boxpl ot - Creates Side-by-Side Boxplots
hi st - Creates a Histogram

dot chart - Createsa Dot Chart

pie - Createsa Pie Chart

Note - These commands along with the
commands on the next several dides are all high-
level graphics calls.

Bivariate Plotting Functions

pl ot - Creates a Scatter
bar pl ot - Creates a simple barplot
boxpl ot - Creates side-by-side box plots

ggnor m Plot quantile-quantile plot for one
sample against standard normal

qqgpl ot - Plot quantile-quantile plot for two
samples




Three-Dimensional Plotting
Function

* cont our - Createsa contour plot
* per sp- Creaes a perspective or mesh plot

¢ image- Createsanimage plot

Multivariate Plotting Function

« fa ces- Createsa contour plot

« ma pl ot - Creates a perspective or mesh plot
e pairs - Createsanimage plot

e st ars - Starplots.

« synbols - Plot symbols.




Dynamic Graphics

e br ush- Interactive scatter plot matrix with the
ability to interact with data

e spi n- Createsthree-dimensional point
cloud with ability to spin data

The par function

e par
e Returnscurrent setting on the graphics
parameters

« Tosavethecurrent graphics settings
ol dsetti ngs<-par ()

e 4 categories of graphics parameters
« High-level graphics parameters
« Control appearance of the plot region

« Only used as arguments to high-level
plotting functions




Graphics Parameter Categories

« High-level graphics parameters
« Control appearanceof the plot region

« Only used as arguments to high-level plotting
functions

« Layout graphics parameters
« Control the page layout
e Only set with the par function

* General graphics parameters
« Set with either call to par or to plotting function

* When set with par they are set for the curr ent
graphics device

« Information graphics parameters
e Can't bet set by user, but can be queried by par

Multiple Plots Per Page

e par(nfrow=c(2,2))

¢ This specifies two rows and two
columns of plots

e par(nfrow=c(1,1))
¢ Back to the normal arrangement

» plot(x,y,pch="+"

¢ Override the default plotting
symbol




Adding to Plots

* You can continueto add to plots until you call
another high-level plotting function or fra ne()

* We may use love level plot functionsto add
thingsto plots
e li nes
e points

e Hereisauseful trick
plot(rx,ry,type=“n")

Printing Graphics

e File-Print Menu

e Starting Printing Graphics Device
e win.printer
e postscript
* hpgl

e InUNIX one may print toadummy printer and
then use thefilethat the printer printsto




Capturing Graphicstothe
Windows Clipboard

win.printer(format=" netafile+,
fi 1e="clipboard”)

dev. of f()

Probability Distribution

Functions
« ddi st name(x) - Computes density

values

» pdistnanme(q)- Computes
probabilities from the cdf

« qdi st nane( p) - Computes quantiles
from the inverse cdf

« rdistname(n)- Generates random
numbers




Some Common Probability
Distributions

bi nom
e si ze, prob

norm
¢ mean, sd

uni f
e min, m ax

Example Probability Plot

> wi n. graph()

> ny. dat a<-r nor n( 100)

> hi st (ny. data, den=-1, pr ob=T)
> p<-ppoi nt s(100)

>
li ni , dnor n( gnor n(p)))




Statistical Summary Functions

mean- Arithmetic mean

medi an- Median

var - Variance of vector, covariance matrix of

matrix

cor - Correlation between matrices or
vectors

quanti | e- Empirical quantiles

sunmary - Summary statistics of vector or

other object

vV V. V V

Statistical Tests
set. seed(19)
x<-rnorm10)
y<-rnorm 5, mean=1)
t.test(x,y)

Standard T wo- Sanpl et - Test

data: xandy

t

= -1.4312, df =13,p -value=0

al ternativeh ypothesis:t rue

di fferencei nmeansi sn ote

qual toO
95p ercentc onfidencei nterval:

-1.7254080 0.3502894

sanpl e e stinates:

nmeano fxm eano fy
-0.42690140 . 2606579

. 176




Regression

¢ Is - Regression Command
* Some examples of formula specification
« Yield~T enp+ Conc
« Yield is modeled as depending on Temp

and Conc

« Yield~T enp+ Conc +Tenp: Conc

Example Regression
> Im.fit 1<-Im( Fuel~ Weight)
> par( mfr ow=c( 3,2))

>plot(l  mifit1)
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Writing S-Plus Functions

* You can write your own functions or
modifying existing functions

> pane<-function(argunents) {body}

« Default values may be specified with an
equal sign and a value

* Objects defined within the body are local to
the function




Example Function

e cube <- function(x) {return (x*3)}
* cube(3)

e Thefunction may be defined in a separate file
which isthen sourced

« Functions may have multiple inputs and return
multiple outputs via the list construct.

e Insert abrowser() command in your function to
help examine the contents of the function

« typea0 toexit the browser

Iteration and Flow of Control

« Conditional Statements
if (cond) {body}

« for and while loops allowed (**but to be avoided
if possible**)

for(nane in vl aues) {body}




Apply and Outer

e Toperform calculations on each row or column
of amatrix use appl y

appl y(nynatrix, 2, neans)

# Conput es col unm neans or nynmatri X

e Toperform the outer product of of two vectors
(or matrices)
e Useful for computing a function over agrid

of values

> surf <- function(x,y) {cos(x) +
sin(y)}

> x<-seq(-2*pi, 2*pi,|en=40)

> y<- X

> z<-outer(x,y,surf)

> persp(x,Y, z)




