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1 Introduction

Thisdocuments intendedasa basicintroductionto S-PLUS.It coversstartingandquitting S-PLUS simple
functioncalls,assignmenstatementsyectors andanintrodutionto somesimplefunctions.

2 Starting and Quitting S PLUS

To startS-PLUSfrom a UNIX machinetype Splus atanxtermor hptermprompt.
% Splus
After ashortwait, youwill seesomethindikethis:

S-PLUS : Copyright (c) 1988, 1995 MathSoft, Inc.
S . Copyright  AT&T.
Version 3.3 Release 1 for HP Series 700, HP-UX 9.x : 1995

Working data will be in .Data.hp
>

S-PLUSwiIll createadirectorycalled.Data.hp or .Data.sun4  (or somethingike thatdependingon
whattype of machineyou areusing; Data onWindows machines}o storeary functionsor variablesyou
define.This automaticallysavesyour work from sessiorno session.

The > is the promptfor enteringcommands.Whenyou aredone,typeq() at this promptand press
return. Thatwill quit S-PLUS.

3 Entering Commands

To have S-PLUSexecutea commandgnterthe commandat the promptandpressreturn. For instancetype
2+3 andthenpressreturn.

>2 + 3
1] 5

Arithmetic andorderof operationsvork exactly in the ordinaryway. Multiplication is *, divisionis / and
exponentiatioris ” .

The format for calling a function is functionname (argl, arg2, ...), or functionname() for a
function which takes zero aguments. Typing the function nameby itself (with no parenthesesyill re-
turn the definition of the function. S-PLUSis case-sensite, so be sureto usethe correctcapitalization:
Functionname()  andfunctionname() aredifferentthings.

Thesquareaootandabsolutevaluefunctionsneedjust oneargumenteach:



> sqrt(9)

1] 3
> abs(-5)
[1] 5

The“[1]” whichkeepsshaving up meanghatthefirstitemonthatline is thefirstitemin thevectorof output.
This indexing is usefulwhenyou wantto find a particularobsenationin along list of output. In the output
below, 1000is the 36thobsenation.

[1] 0.73 1.46 2.19 2.92 3.65 4.38 511 5.84 6.57
[10] 7.30 8.03 8.76 9.49 10.22 10.95 11.68 12.41 13.14
[19] 13.87 14.60 15.33 16.06 16.79 17.52 18.25 18.98 19.71
[28] 20.44 21.17 21.90 22.63 23.36 24.09 24.82 25.55 1000.00
[37] 1.04 1.30 1.56 1.82 2.08 2.34 2.60 2.86 3.12
[46] 3.38 3.64 3.90 4.16 4.42 4.68 4.94

If you enteranincompletecommandfor instancepy forgettinga close-parenthesisy-PLUSwill give you
anothemprompt,thistimea*“+".

> sqgrt(16
+

At this point, typethe close-parenthesendthe commandwill executenormally.

> sqgrt(16
+)
1] 4

4 Running S-PLUSIn Batch Mode

Ratherthantypingin oneline atatime, you maywishto preparealist of commandsndexecutethemall at
once.Thisapproachs preferablevhenyou have a seriesof roteinstructionsfor instanceor a simulation.It
is notusefulfor exploratoryanalyse®r anything elserequiringinteraction.

Torun S-PLUSIn batchmode putall your commandsén afile (note: endthefile with severalblanklines,
or S-PLUSmay not executethefinal commandcorrectly). Insteadof plain Splus , run:

Splus BATCH yourfile outputfile

Thistakesthecommandén yourfile  andrunsthemthroughS-PLUS storingtheresultsn outputfile
For largetasks youwill wantto do thisin the backgroundby puttinganampersand: attheendof thecall:

Splus BATCH yourfile outputfile &

5 Cutting and Pasting to a Report

Theway S-PLUShandlescuttingandpastingdependsn whereit is beingrun. If you arerunningS-PLUS
in anhptermor xtermwindow, you cancopy with theleft mousebuttonandpastewith the centerbutton. If
you have emacsrunning,you cancopy S-PLUSoutputto the emacswindow in this fashion thenwrite the
reportin emacs.You couldalsodothisin the otherdirection,by typing commandsn theemacsvindow and
thenpastingthematthe S-PLUSprompt.

6 GettingHelp

The S-PLUShelp documentatiorprovidesspecification®of functions,ratherthana tutorial. You may find
this frustratingat first, but it comesin handywhenyou are unsureasto what argumentsa function needs,



or how it works. For example,to seethe documentatioron the absolutevaluefunction, type help(abs)

If you know whatyou wantto do, but notwhatthatfunctionis calledin S-PLUS, type help.start() to
opentheinteractive helpwindow. This providesaninterfacewhich allows searchesor all functionsrelevant
to atopic.

7 A Few Useful Functions

S-PLUSstoresevery commandyou typein thefile .Audit in your.Datadirectory You canexaminethatfile
to review commandgou have usedto solve previousproblems.You canalsotake advantageof this by typing
again() torepeathepreviouscommand.To repeatanold commandusethe functionhistory() . This
functionprovidesa list of thelasttencommandsbut by typing history(max=100) you canseethelast
100commandsOnaUNIX machinethereis abetterwayto dothis: runSplus -e insteadf plainSplus
(the-e means‘iin emacsmode”). In emacsmode,S-PLUSallows you to retrieve previous commanddy
pressingontrol-P Becausef thishandyfeature youmaywishto aliasSplus to Splus -e inyour.cshrc
file. However, if youwantto run Splusin batchmodeafterdoingthis, besureto aliasSplus backto normal,
asSplus -e BATCHin out will notproduceary output(emacsnodeandbatchmodedo not mix).

8 Variablesand Assignments

The commandfor assigninga valueto a variableis <- . You canbasicallyuseary namefor a variable,
althoughit will causeproblemsif you give a variablethe samenameas a function, so be carefulnot to
usec or length asavariablename. Althoughinnocuoustheseareboth functionsin S-PLUS.If you do
accidentallygive a variablethe samenameas a function, remove the variablefrom your .Dataarea(see
below).

Variable namescan be as long as you need, but should not containblank spaces. If you have two
wordsin a variablename,suchas “Water Depth”, you could write it as WaterDepth , waterdepth
or water.depth . You may not separatevordswith anunderscorgthatis a specialcharactein S-PLUS)
or adash(thatwould beinterpretecasa minussign).

To assigrthevalue9 to thevariablex, type:

> x <- 9

(Readthis as“x gets9”.) NotethatS-PLUSdoesnot returnarny outputafteranassignmentlf you typethe
variablename,S-PLUSwill returnits value (if you are ever unsure this is a goodway to confirmthatan
assignmenivassuccessful).

Now thatx hasavalue,it canbemanipulatedik e any othernumber

> sqrt(x)
1] 3

>y <- (5 * (x +2) -3
Thesemanipulationslo notaffectthevalueof x, it is still 9. To changet, you mustassigranew valueto x.

> sqrt(x)

1] 3

> X

1] 9

> X <- sgrt(x)
> X

1] 3

Text valuescanalsobeassignedo avariable:



>y <- "hello"
>y
[1] "hello"

Thevariablesx andy arenow storedin your.Datadirectory This means/ouwill beableto usethemfor the
remaindenf thissessiorandary timeyourun S-PLUSIn thefuture. For alist of objectsn yourdirectory use
theobjects() = commandUnneededbjectsmayberemoredwith theremove orrm commandsThetwo
work thesamepnly remove requireqquotationmarksaroundtheargumentfor instancaemove("x") is
thesameasrm(x) .

Question: How do you exchangehevaluesof x andy?

9 Vectors

All of the precedingexampleswere concernedvith single numbers,but most statisticalanalysesnvolve
groupsof numbersin S-PLUS groupsof numbersanbe manipulatednosteasilyasvectors.
Supposéenreplicationsof anexperimenthadthefollowing results:

2, 46, 1, 3.7, 59, 40, 6.7, 28, 14, 31

You canenterthis datainto S-PLUSasa vector andstorethatvectorasa variable(for instancea variable
called“obsenations”).

> observations <- c(2, 46, 1, 3.7, 59, 40, 6.7, 28, 14, 31)

Thefunctionc() takesalist andreturnsit avector(think of ¢ as“column”). Checkthevalueof thevariable
observations by enteringit atthe prompt.

> observations
[1] 2.0 46 10 37 59 40 67 28 14 3.1

Manipulationson vectorswork the sameway asmanipulationon singlenumbers.Supposegheseobsera-
tionswerein inchesbut needto be corvertedto centimeters:

> 2.54*observations
[1] 5.080 11.684 2540 9.398 14.986 10.160 17.018 7112 3556 7.874

Notethatthevectorobservations  still containghe original data.

> mean(observations)
[1] 3.52

> var(observations)
[1] 3.450667

The above functionsreturnthe meanand variance,respectrely. Note that thesefunctionswill not work
correctlyunlessthey aregivenvectorsasarguments.This first item below is anattemptto give mean three
argumentshput it only expectsone.Thesecondtemis thecorrectway: give mean a singleargumentwhich
happensn this caseto be a vectorwith threeelements.

> mean(l1,3,5)

1] 1
> mean(c(1,3,5))
[1] 3

Question: How would you normalizethevectorobservations  to have mean0 andvariance
1?



10 Selecting from Vectors
Subset®f avectorcanbeselectedy usingsquaredraclets.

> observations[3]

[1] 1

> observations[5:7]

[1] 59 40 6.7

> observations[c(1,2,7,1)]
[1] 2.0 46 6.7 20

Theabove functionsreturnthethird obsenation,thefifth throughsesenthobsenations,andthefirst, second,
seventhandfirst (again)obsenations respectiely.

To selecteverythingexcept someparticularelementor setof elementsusea minussign. Thefollowing
commandvould returnthe entirevectorexceptthefirst element.

> observations[-1]
[1] 46 10 37 59 40 67 28 14 31

Vectorscanalsobe searchedisinglogic statementsTo pick out all obsenationswhich have a valuelarger
thanfour, type:

> observations[observations>4]
[1] 46 59 6.7

11 An Examplein SSPLUS

In the previous examplewe hadto type the datain by hand. S-PLUScanreaddatafrom afile, aswill be

describedn a futurehandout.For now, considera datasetthatcomespre-loadednto S-PLUS.

Thesedataconcernscarspurchasedn 1974. Therearethreevectorsof data: car.time

of dayssincethe carwas purchasedgar.miles
previousfill-up; andcar.gals
loadedinto S-PLUS soyou shouldbe ableto accesshemby typing theirnames.

, the number
, the numberof miles driven betwenthis fill-up andthe
, thenumberof gallonsrequiredto fill thetank. Thesevectorsarealready

> car.time
[1] 1.0 70 170 280 420 56.0 650 740 76.0 880 92.0 100.0
[13] 107.0 119.0 126.0 135.0 139.0 146.0 151.0 156.0 161.0 170.0 177.0 192.0
[25] 200.0 208.0 215.0 219.0 226.0 234.0 239.0 245.0 251.0 257.0 262.0 270.0
[37] 277.0 282.0 288.0 289.0 292.0 2925 294.0 295.0 300.0 305.0 310.0 314.0
[49] 321.0 323.0 330.0 338.0 347.0 355.0 360.0 364.0 368.0 370.0 370.5 371.0
[61] 377.0 382.0 389.0 395.0 405.0 409.0 413.0 416.0 421.0 423.0 427.0 433.0
[73] 438.0 447.0 453.0 461.0 466.0 475.0 482.0 487.0 491.0 501.0 516.0 524.0
[85] 534.0 543.0 548.0 558.0 565.0 572.0 576.0 583.0 595.0 603.0 607.0 607.5
[97] 609.0 610.0 610.5 614.0 622.0 635.0 6450 652.0 660.0 667.0 686.0 702.0
[109] 717.0 728.0 737.0 747.0 753.0 764.0 771.0 777.0 783.0 786.0
> car.miles
[1] 210.0 199.0 182.0 208.4 217.0 379.8 204.0 180.6 157.5 226.8 181.0 194.5
[13] 1945 208.3 188.6 193.0 212.0 207.5 216.2 203.1 2025 1935 116.0 221.6
[25] 194.2 213.6 217.3 2115 200.0 191.0 227.0 207.4 209.8 2125 209.0 213.1
[37] 2154 2158 204.1 165.0 176.3 243.0 142.0 293.0 118.0 224.0 2219 199.0
[49] 242.0 222.0 219.0 202.6 221.0 226.0 207.0 218.0 228.0 97.0 266.0 253.0
[61] 191.0 228.0 212.7 217.0 190.0 213.0 210.6 217.0 176.7 206.0 208.3 190.0
[73] 212.0 313.0 197.0 189.0 188.0 334.0 203.0 209.0 236.0 206.0 163.0 195.0
[85] 201.0 213.0 209.5 197.4 199.6 167.0 208.0 204.0 188.5 212.3 88.7 200.0



[97] 179.0 153.0 207.0 234.0 193.0 210.0 196.0 217.0 228.0 201.0 216.0 1894
[109] 184.7 189.0 197.0 168.0 209.0 202.0 183.0 204.0 197.0 204.0
> car.gals
[1] 13.3 12.2 115 135 143 257 133 127 89 142 12.0 13.2 128 13.6 123
[16] 13.2 13.1 13.6 13.6 13.0 125 116 7.5 142 119 13.1 136 142 121 1238
[31] 139 13.0 125 136 128 142 13.0 138 123 89 103 116 78 145 7.1
[46] 12.0 123 125 141 13.0 123 132 13.7 134 125 129 133 6.2 13.2 128
[61] 11.2 135 13.2 14.1 13.6 13.0 12.8 13.2 129 13.0 13.0 12.0 145 21.2 132
[76] 12.9 125 22.0 13.1 123 13.2 13.7 125 13.2 135 139 125 124 123 105
[91] 115 128 12.0 130 58 95 90 7.7 101 119 114 126 125 127 13.6
[106] 11.7 135 123 13.0 132 132 116 138 135 139 142 13.0 130

Supposeawe areinterestedn how mary miles per gallonthesecarsgot.
vector S-PLUSwill divide eachelementof

vectorby dividing the car.miles  vectorby the car.gals
car.miles by thecorrespondinglementbf car.gals

> carmpg <- car.miles/car.gals

Let's createa “miles per gallon”

, Which is exactly whatwe want.

Now we cananalyzethe milespergallondata. Somesummarystatisticanight bea goodplaceto start:

> summary(car.mpg)

Min. 1st Qu. Median Mean 3rd Qu. Max.
13.04 1519 1593 16.21 16.78 21.05
> var(car.mpg)

[1] 2.438916

A stem-and-leaplot mightalsoproveinteresting:

> stem(car.mpg)

N = 118 Median = 15.92875
Quartiles = 15.18182, 16.784
Decimal point is at the colon
13 : 02
13 : 7
14 : 02234
14 : 5667788899999
15 : 00001122223333333444
15 : 5566666777888899999
16 : 000001122233333344
16 : 556666778889999
17 : 01111122
17 : 789
18 : 012
18 : 57
19 :
19 : 7899
High: 20.15152 20.20690 20.49505 20.94828

21.05263

This shaws that mostof thesecarsgot betweenl5 and 17 miles per gallon, althoughthereare a few cars
whichgot19.5MPG or more. This mightberelatedto how long the carhasbeenowned. We cansummarize

thecar.time
ownedandcomparehemto therest.

vectorandthenselectthe carswith the goodMPG numbergo seehow long they have been



> summary(car.time)
Min. 1st Qu. Median Mean 3rd Qu. Max.
1 2352 370.8 388.2 563.2 786
> car.time[car.mpg > 19.5]
[1] 2925 295.0 370.5 371.0 607.5 609.0 610.0 610.5 614.0

Theredoesnotappeato beary patternto this: someof the carsarerelatively old, somearerathernew.

Question: How would you do a stem-and-leaplot of miles pergallonfor all carsownedless
than600days?

12 Graphicsin SSPLUS

Perhaps graphicalapproacho this datawould be more enlightening. The first stepis to opena window
for graphicspy typingmotif()  or X11() if youareusinga UNIX workstationor win.graph() if you
arerunning S-PLUSon Windows. Eitherfunctionshouldcausea window titled “S-PLUS” to appear Plot
command®nteredattheregular S-PLUSpromptwill causepicturesto appeain the S-PLUSwindow.

Let's startwith a histogramof the miles pergallondata(afteropeningthe graphicswindow).

T T T T 1
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car.mpg

> motif()
> hist(car.mpg)

40
‘

30
.

20
|

10
|

If youtry this, your plot will probablybe in a differentcolor schemgprobablywhite boxeson a black
background)Thecolorschemes controlledby amenuin thegraphicsvindow, andyou maywantto change
it to “Black on White” or whatereryou find easiesto read.

To find out the relationshipbetweenhow long a car hasbeenownedandhow mary miles pergallonit
gets,plotcar.time onthex-axisandcar.mpg onthey-axis.



> plot(car.time, car.mpg)

car.mpg
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6 260 460 660 860
car.time
Theredoesnt appeato beary obviousrelationshippetweerhow long a carhasbeenownedandits mileage
pergallon.

Question: Istherearelationshifbetweercar.time andcar.miles , orbetweercar.time
andcar.gals ? Do someplotsandfind out.

If yougiveplot justoneargumenthenit will plotthatvectoronthey-axisagainstanindex (thisis useful
whenyouwantto plot residualsn theorderthey wereobsened,to make surethatthevariancevasconstant).

Whenyouaredone,usethefunctionq() to quit S-PLUS.Youdo notneedto closethegraphicswindow,
it will closeonits own.



