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S-Plus ShortCourse
– Part 1 –

Thesenotesaremostlybasedon

� TheS-Plus manuals— availableonlineatMathsofts

webpage,www.mathsoft.com , for downloads(as

PDF-files).Also availableon theStatDeptComputer

System(seesectiononUNIX).

� Venable’s andRipley’sbookonS-Plus: Modern

AppliedStatisticswith S-plus, Springer-Verlag.See

www.stats.ox.ac.uk/pub/ MASS3.
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The Schedule

Thissecondpartof this S-Plus ShortCoursewill go

through:

EDA ExploratoryDataAnalysis.This focuson

transformingvariables,selecting(subsetof) variables,

andplotting. Work with thetoxicity dataalready

createdanda shortlook at two new datasets;

ethanol andfuel.frame .

ClassicalUnivariate Tests
�
-test,�

�
-testandother

classicalunivariatetests.

Statistical Models Usethetoxicity datato fit models

alreadydiscussedin class.
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UNIX

ThecomputerthatS-Plus is installedon in theStatDeptis
aUNIX machine;aSunSPARC runningtheSunOS5.5
UNIX operatingsystem.Thefollowing explainshow to
accessthis UNIX workstationfrom computerlabsaround
campus(andusingtelnetathome)andhow to startS-Plus.

Enableyour OSUAccessand Login to Stat

How to login to theStatDeptcomputer,
stat.mps.ohio-state.edu, from computerlabson campus(the
following refersto Macsoncampus):

� Activateyour OSU internetaccess.Select
Enable/Disable Your Access underthe
apple-menuon theMacs(type1 to activateyour
network accessandtypein your OSU login-nameand
password andansweryes to thelastquestion).The
programwhich is opennow is telnet (or
bettertelnet in somecases).

� Fromthetelnet menuselectFile andthenOpen

Connection... andin thefield, Host Name:,
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typestat.mps.ohio-state.e du andclick on
Connect .

� At theresultingxtermdisplay, typeyour login-name

(for theStatDeptAccount)following the login:

displayed,andpressreturn . Then,following the
password: displayed,typeyour password, andpress
return .

� Now youareat theUNIX shellprompt,stat> .

The IP Address, the DISPLAY and X-widows

� SelectNet in the telnet menuandthenselectSent

IP Address , which thenwill bedisplayedat the
UNIX prompt.Thenpressreturn (ignoreall error
messages).This is theIP Address of theMacyou
areworking on.

� Setyourworking display(monitor)astheMacyouare
working on. To doso,typeat theUNIX prompt:
setenv DISPLAY <your Macs IP number>:0.0

where,insteadof <your Macs IP number> you
typein theIP numberof yourMac(from above). Then
pressreturn .
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� OpentheX-windowsprogram.To doso,click on the
harddiskicon, thenon theCommunication folder,
thenon theMacX folder, andfinally on theprogram
icon,namedMacX.

Openan xterm window in X-windows

� Gobackto the telnet programalreadyopenand
typeat theUNIX prompt:
dtterm -ls &

thiswill openanotherUNIX shell, but within the
X-windows program(MacX) insteadof telnet .

� Hide the telnet programandgobackto the
X-windows program,MacX.

BasicUNIX Commands

Thepurposehereis not to teachUNIX, just list few basic
commandsavailable.

ls To list filesandfoldersin thecurrentfolder. (ls -l gives

adetailedoutput,ande.g. ls *.s listsall filesendingwith .s .)

cd To changefolder. (cd .. goesuponelevel, e.g.,cd Notes

goesto thefolderNotes in currentfolder.)
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rm To remove filesandfolders.(rm talk.tex cmd.s

removesthetwo files talk.tex andcmd.s , andthecommandrm

-r Notes removesthedirectoryNotes — notethe-r option

needed.)

mv To move (rename)filesandfolders.(mv talk.tex

talk v2.tex movestalk.tex to talk v2.tex in thesame

folder— afterexecutingthecommand,thefile talk.tex doesn’t

exist any more.)

cp To copy filesandfolders.(cp talk.tex talk v2.tex .)

emacs An editor. (emacs cmd.s & opensthefile cmd.s . In

emacs, afile is alsocalleda buffer.)

acroread Adobe’s Acrobatreader. (acroread

/opt/local/splus5. 1/d oc/ unixu g.p df & opensS-Plus

languagemanual,otherS-Plus manualsavailabe(in thesamefolder)

arestatman1.pdf andstatman2.pdf .)

To getmoreinformation(help)onUNIX commands,e.g.,

doman cp on theUNIX promptto gethelpon thecopy

command,cp .

Now wearereadyto useS-Plus.
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A Gentle Introduction to S-Plus

Before I Start

BeforestartingS-Plus for thefirst time, typeat theUNIX

prompt(stat> ) in anxterminal openin the

X-windows program,thefollowing:

S CHAPTER

andpressreturn . (Thiscreatsa folder, .Data , in yourcurrent

folder (whereyouexecutedthecommandS CHAPTER. In .Data ,

S-Plus storestheobjectscreatedin aS-Plus session.)

Stating S-Plus

To StartS-Plus, type:

S -e

Whatyouseenow is theS-Plus prompt,>, aS-Plus
expressionis typedat thepromptandevaluatedby pressing

return . More thanoneexpressioncanbetypedin asingle

line by using; asseparator. Also, thesameexpressioncan

betypedin morethanoneline by pressingreturn when

theexpressionis not completed.At thatpoint, theprompt
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changesto + to show thattheexpressionis unfinished.The
symbol# tellsS-Plus to ignorewhatever is typedafterthe
symbolon thecommandline (usedto put comments).

The-e optionusedwhenstartingS-Plus, in thiscase,tells
S-Plus to useemacstypeof commandline editor. The
following tableis usefulwheneditingyour expressionsat
theS-Plus commandline beforeevaluating:

Action keystroke

backwardcharacter Ctrl-b

forwardcharacter Ctrl-f

previousline Ctrl-p

next line Ctrl-n

beginningof line Ctrl-a

endof line Ctrl-e

kill line Ctrl-k

My First S-Plus Session

Yourhave alreadystartedyourS-Plus session.Let’s try out
few basicevaluations(theS-Plus prompt,>, is shown, but
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shouldnotbetyped,andtheoutputfrom theexpressionis
alsoshowned;following thecommandline).

> 4 + 5 ## addition

[1] 9

> (9 * 5) - 7 ## use parentheses

[1] 38

> (8/2)ˆ2 ## power

[1] 16

>

Outputfrom anexpressioncanbeassignedto anobjectfor
lateruse(insteadof re-typingthesameexpression).
Assignmentsaredonewith theoperator<- , or just (easier
to read<- ). Example:

> x <- 45 ## assigning 45 to x

> x ## the object x

[1] 45

> mu <- 40; s <- 10 ## mean and SD

> z <- (x - mu)/s ## Z-value

> z

[1] 0.5

> lik <- 1/sqrt(2*sˆ2) *

+ exp(-0.5 * zˆ2) ## the normal density

> lik

[1] 0.06240195

> log.lik <- log(lik) ## the log-likelihood

> log.lik

[1] -2.774159
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>

Herewebothassignedthevalueof expressionsto objects

andusedsomeof thefunctionsavailablein S-Plus (sqrt ,

exp andlog ).

Wecansee(list) theobjectsthatwehave createdhitherto:

> ls()

[1] ".Last.value" "lik" "log.lik"

[4] "mu" "s" "x"

[7] "z"

>

andwecanalsoremoveobjectsthatwehave created,e.g.

> rm(log.lik)

>

To quit S-Plus

> q()

Notethattheobjectscreatedin this S-Plus sessionareall

availableto S-Plus whenstartedagain.

May 4, 2000 GardarJohannesson Page10



Part 1

S, the Programming Language

Objectsin S-Plus arebasicallyof threetypes;vectors, lists

andfunctions.

Vectors

Theelementsof vectorsareeithernumeric,logicalor
characterstrings.

> data <- c(25,31,27,29,26) ## concatenating

> data ## print data

[1] 25 31 27 29 26

> length(data) ## the length

[1] 5

> data[3] ## element 3

[1] 27

> ind <- 2:4 ## sequence (indexing)

> ind

[1] 2 3 4

> data[ind] ## subset

[1] 31 27 29

> log(data) ## logarithm

[1] 3.218876 3.433987 3.295837 3.367296 3.258097

> sum(data) ## sum

[1] 138
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> mean(data) ## mean

[1] 27.6

> sqrt(var(data)) ## SD

[1] 2.408319

> stdev(data) ## SD also

[1] 2.408319

> lev <- c("high","low") ## characters

> lev[1]

[1] "high"

>

Lists

A list canstoredifferenttypesof data— think aboutit asa
list of otherS-Plus objects:

> my.l <- list(x=1:5, y=data)

> my.l ## print out the list

$x:

[1] 1 2 3 4 5

$y:

[1] 25 31 27 29 26

> names(my.l) ## the names (attributes)

[1] "x" "y"

> my.l$x ## the x item of the list

[1] 1 2 3 4 5
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> my.l$y[2:4] ## elements 2-4 of y

[1] 31 27 29

>

Matrices and Indexing (Logicals)

Dataarevery oftenstoredin tables(matrices):

> mat <- cbind(x=1:5, y=rnorm(5,mean=10,s d=5))

> mat

x y

[1,] 1 21.978406

[2,] 2 10.412500

[3,] 3 9.875592

[4,] 4 13.762809

[5,] 5 4.460788

>

(Note,yourown y data,therandomnumbersfrom thenormalrandom

numbers,will notbethesameasabove.)

> dim(mat) ## the dimension

[1] 5 2

> dimnames(mat) ## row and column names, if any

[[1]]:

character(0)

[[2]]:

[1] "x" "y"
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> mat[1:2,] ## first two rows

x y

1 21.97841

2 10.41250

> mat[,1] ## the first column, by number

1 2 3 4 5

> mat[,’y’] ## the second column, by name

21.97841 10.4125 9.875592 13.76281 4.460788

> mat.2 <- mat[-1,] ## remove the first line

> mat.2

x y

2 10.412500

3 9.875592

4 13.762809

5 4.460788

>

Insteadof picking specificlinesfrom themat object
createdabove,wecanpick (remove!) lines,conditionalon
otherdata.

> ind <- mat[,’y’] > 10 ## which ’y’ are > 10 ?

> ind ## vector of logicals, TRUE/FALSE

T T F T F

> mat.3 <- mat[ind,] ## store in a separate matrix

> mat.3
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x y

1 21.97841

2 10.41250

4 13.76281

>

Otherlogicaloperatorsfor directcomparisonare< (less),
== (equal),<= (lessor equal),>= (greateror equal),!=
(notequal).And also;& (AND), | (OR) and! (NOT).
Whatdoesthis gives:

> mat[!((mat[,’y’] > 8) & (mat[,’y’] < 12)),]

x y

1 21.978406

4 13.762809

5 4.460788

>

Functions

Therearemany functionsbuilt into S-Plus. Herearefew:

Arithmetical abs , log , sqrt , exp , sin , asin .

Statistics sum, mean, var , median , min , max,
quantile , summary.

Integers (or digits) round , trunc , floor , ceiling .

Distrib utions For thenormaldistribution;dnorm ,
pnorm , qnorm andrnorm for thedensity, cdf,
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quantileandrandom-numbers,respectively. Similarly

for otherdistributions,e.g.,for thedensities;dt (t), df

(F), dchisq (�
�
), dbinom (binomial),dgamma

(Gamma),dexp (exponential),etc.

To gethelpon functions,do e.g.?rnorm at theS-Plus
prompt.To justseewhatargumentsafunctiontakes,doe.g.

args(rnorm) at theprompt.
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Working with Data in S-Plus

In mostcases,thedatayouareworking with hasalready

beenenteredinto afile; this couldjust bea plain tablein a

text-file createdby someeditor.

In thefile /home/gardar/pub/toxic ity. dat is the
toxicity dataintroducedin class:

con no killed

0.10 47 8

0.15 53 14

0.20 55 24

0.30 52 32

0.50 46 38

0.70 54 50

0.95 52 50

In thiscase,thecolumnsareseparatedwith tab . (If youdon’t

haveaccessto this file, it is easyto createandall referencesto thefile in

below S-Plus expressionsshouldbechangesaccordingly, i.e.,nameand

location.)

Import – Usingdata.frame objects

An objectof classdata.frame is a list objectwhich
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looksandfeelslikea table.Let’s import thetoxicity data
into S-Plus:

> tox <- read.table("/home/ga rda r/p ub/ tox ici ty. dat",

+ header=T)

> tox

con no killed

1 0.10 47 8

2 0.15 53 14

3 0.20 55 24

4 0.30 52 32

5 0.50 46 38

6 0.70 54 50

7 0.95 52 50

> class(tox)

[1] "data.frame"

> names(tox)

[1] "con" "no" "killed"

> tox$con

[1] 0.10 0.15 0.20 0.30 0.50 0.70 0.95

> names(tox) <- c(’d’,’n’,’r’)

> tox[1:2,]

d n r

1 0.10 47 8

2 0.15 53 14

>

If thedata-filewaswithoutheaders (like thefile
/home/gardar/pub/toxic ity v2.dat ), thenthe
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header argumentto read.table would begiventhe

valueFALSE(F). (If youhave time; try to readin thefile without

headerandassignc(’d’,’n’,’r’) asnamesto theresulting

data.frame .)

Explore

> summary(tox) ## summary info for every col

d n

Min.:0.1000 Min.:46.00

1st Qu.:0.1750 1st Qu.:49.50

Median:0.3000 Median:52.00

Mean:0.4143 Mean:51.29

3rd Qu.:0.6000 3rd Qu.:53.50

Max.:0.9500 Max.:55.00

r

Min.: 8.00

1st Qu.:19.00

Median:32.00

Mean:30.86

3rd Qu.:44.00

Max.:50.00

> sapply(tox,sum) ## apply sum to every col

d n r

2.9 359 216

>
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> res <- tox$n - mean(tox$n) ## deviation from mean

> summary(res)

Min. 1st Qu. Median Mean 3rd Qu. Max.

-5.2860 -1.7860 0.7143 0.0000 2.2140 3.7140

>

Manage

> tox$p <- tox$r/tox$n * 100 ## percentage killed

> tox

d n r p

1 0.10 47 8 17.02128

2 0.15 53 14 26.41509

3 0.20 55 24 43.63636

4 0.30 52 32 61.53846

5 0.50 46 38 82.60870

6 0.70 54 50 92.59259

7 0.95 52 50 96.15385

> tox[tox$p > 50,]

d n r p

4 0.30 52 32 61.53846

5 0.50 46 38 82.60870

6 0.70 54 50 92.59259

7 0.95 52 50 96.15385

> tox$p/tox$d ## % killed per toxicity

[1] 170.2128 176.1006 218.1818 205.1282 165.2174

[6] 132.2751 101.2146

>
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Homework 2

Work with the tox data.frame alreadycreated.

� Computesummarystatistics(usingthefunction

summary) for thep column(percentagekilled) only.

Computethestandarddeviation of percentagekilled.

� Printout thefirst line in thetox datawherepercentage

killed is above 50%(i.e., line 4) withoutspecifyingthe

line by number(do notdo tox[4,] ), but usingthe

percentagecolumninstead(thep column)andlogical

operators.(Thatis, eventhoughthetoxicity datawould look

different,yourcommandswouldstill print out thefirst line wherethe

percentagekilled exceeded50%for thefirst time.)

Hint: it is goodto write your S-Plus commandsinto afile

(any Maceditorinstalledis fine) andthencopy andpaste

thecommandsto theS-Plus promptandevaluateandcopy

andpastetheresultinto a file.

Turn in theS-Plus output(showing thecommandsused

also).
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