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1 Introduction

Thisdocumentis intendedasabasicintroductionto S-PLUS.It coversstartingandquittingS-PLUS,simple
functioncalls,assignmentstatements,vectors,andanintrodutionto somesimplefunctions.

2 Starting and Quitting S-PLUS

To startS-PLUSfrom aUNIX machine,typeSplus atanxtermor hptermprompt.

% Splus

After a shortwait, youwill seesomethinglike this:

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-PLUSwill createa directorycalled .Data.hp or .Data.sun4 (or somethinglike that dependingon
whattypeof machineyou areusing;_Data on Windows machines)to storeany functionsor variablesyou
define.Thisautomaticallysavesyourwork from sessionto session.

The > is the prompt for enteringcommands.Whenyou aredone,type q() at this promptandpress
return.Thatwill quit S-PLUS.

3 Entering Commands

To have S-PLUSexecutea command,enterthecommandat thepromptandpressreturn.For instance,type
2+3 andthenpressreturn.

> 2 + 3
[1] 5

Arithmetic andorderof operationswork exactly in theordinaryway. Multiplication is * , division is / and
exponentiationis ˆ .

The format for calling a function is functionname (arg1, arg2, ...), or functionname() for a
function which takes zero arguments. Typing the function nameby itself (with no parentheses)will re-
turn the definition of the function. S-PLUSis case-sensitive, so be sureto usethe correctcapitalization:
Functionname() andfunctionname() aredifferentthings.

Thesquarerootandabsolutevaluefunctionsneedjustoneargumenteach:
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> sqrt(9)
[1] 3

> abs(-5)
[1] 5

The“[1]” whichkeepsshowing upmeansthatthefirst itemonthatline is thefirst itemin thevectorof output.
This indexing is usefulwhenyou wantto find a particularobservationin a long list of output. In theoutput
below, 1000is the36thobservation.

[1] 0.73 1.46 2.19 2.92 3.65 4.38 5.11 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 enteranincompletecommand(for instance,by forgettinga close-parenthesis),S-PLUSwill giveyou
anotherprompt,this timea “+”.

> sqrt(16
+

At thispoint, typetheclose-parenthesisandthecommandwill executenormally.

> sqrt(16
+ )
[1] 4

4 Running S-PLUS in Batch Mode

Ratherthantyping in oneline ata time,youmaywish to preparea list of commandsandexecutethemall at
once.Thisapproachis preferablewhenyouhaveaseriesof roteinstructions,for instancefor asimulation.It
is notusefulfor exploratoryanalysesor anythingelserequiringinteraction.

To runS-PLUSin batchmode,putall yourcommandsin afile (note:endthefile with severalblanklines,
or S-PLUSmaynotexecutethefinal commandcorrectly).Insteadof plainSplus , run:

Splus BATCH yourfile outputfile
Thistakesthecommandsin yourfile andrunsthemthroughS-PLUS,storingtheresultsin outputfile .

For largetasks,youwill wantto do this in thebackground,by puttinganampersand& at theendof thecall:
Splus BATCH yourfile outputfile &

5 Cutting and Pasting to a Report

Theway S-PLUShandlescuttingandpastingdependson whereit is beingrun. If you arerunningS-PLUS
in anhptermor xtermwindow, you cancopy with theleft mousebuttonandpastewith thecenterbutton. If
you have emacsrunning,you cancopy S-PLUSoutputto theemacswindow in this fashion,thenwrite the
reportin emacs.Youcouldalsodo this in theotherdirection,by typingcommandsin theemacswindow and
thenpastingthemat theS-PLUSprompt.

6 Getting Help

TheS-PLUShelpdocumentationprovidesspecificationsof functions,ratherthana tutorial. You mayfind
this frustratingat first, but it comesin handywhenyou areunsureasto what argumentsa functionneeds,
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or how it works. For example,to seethedocumentationon theabsolutevaluefunction,typehelp(abs) .
If you know whatyou wantto do,but not whatthatfunctionis calledin S-PLUS,typehelp.start() to
opentheinteractivehelpwindow. Thisprovidesaninterfacewhichallowssearchesfor all functionsrelevant
to a topic.

7 A Few Useful Functions

S-PLUSstoreseverycommandyou typein thefile .Audit in your .Datadirectory. You canexaminethatfile
to review commandsyouhaveusedto solvepreviousproblems.Youcanalsotakeadvantageof thisby typing
again() to repeatthepreviouscommand.To repeatanold command,usethefunctionhistory() . This
functionprovidesa list of thelasttencommands,but by typing history(max=100) you canseethelast
100commands.OnaUNIX machine,thereis abetterwayto dothis: runSplus -e insteadof plainSplus
(the -e means“in emacsmode”). In emacsmode,S-PLUSallows you to retrieve previouscommandsby
pressingcontrol-P. Becauseof thishandyfeature,youmaywishto aliasSplus to Splus -e in your .cshrc
file. However, if youwantto runSplusin batchmodeafterdoingthis,besureto aliasSplus backto normal,
asSplus -e BATCH in out will notproduceany output(emacsmodeandbatchmodedonotmix).

8 Variables and Assignments

The commandfor assigninga value to a variableis <- . You canbasicallyuseany namefor a variable,
althoughit will causeproblemsif you give a variablethe samenameas a function, so be carefulnot to
usec or length asa variablename.Although innocuous,theseareboth functionsin S-PLUS.If you do
accidentallygive a variablethe samenameas a function, remove the variablefrom your .Dataarea(see
below).

Variablenamescan be as long as you need,but shouldnot containblank spaces. If you have two
words in a variablename,suchas “Water Depth”, you could write it as WaterDepth , waterdepth ,
or water.depth . You maynot separatewordswith anunderscore(that is a specialcharacterin S-PLUS)
or a dash(thatwouldbeinterpretedasa minussign).

To assignthevalue9 to thevariablex , type:

> x <- 9

(Readthis as“x gets9”.) NotethatS-PLUSdoesnot returnany outputafteranassignment.If you typethe
variablename,S-PLUSwill returnits value(if you areever unsure,this is a goodway to confirm that an
assignmentwassuccessful).

Now thatx hasa value,it canbemanipulatedlikeany othernumber.

> sqrt(x)
[1] 3

> y <- (5 * (x + 2)) - 3

Thesemanipulationsdonotaffect thevalueof x , it is still 9. To changeit, youmustassignanew valueto x .

> sqrt(x)
[1] 3
> x
[1] 9
> x <- sqrt(x)
> x
[1] 3

Text valuescanalsobeassignedto a variable:
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> y <- "hello"
> y
[1] "hello"

Thevariablesx andy arenow storedin your .Datadirectory. Thismeansyouwill beableto usethemfor the
remainderof thissessionandany timeyourunS-PLUSin thefuture.Foralist of objectsin yourdirectory, use
theobjects() command.Unneededobjectsmayberemovedwith theremove or rm commands.Thetwo
work thesame,only remove requiresquotationmarksaroundtheargument,for instanceremove("x") is
thesameasrm(x) .

Question: How doyouexchangethevaluesof x andy?

9 Vectors

All of the precedingexampleswereconcernedwith singlenumbers,but most statisticalanalysesinvolve
groupsof numbers.In S-PLUS,groupsof numberscanbemanipulatedmosteasilyasvectors.

Supposetenreplicationsof anexperimenthadthefollowing results:

2, 4.6, 1, 3.7, 5.9, 4.0, 6.7, 2.8, 1.4, 3.1

You canenterthis datainto S-PLUSasa vector, andstorethatvectorasa variable(for instance,a variable
called“observations”).

> observations <- c(2, 4.6, 1, 3.7, 5.9, 4.0, 6.7, 2.8, 1.4, 3.1)

Thefunctionc() takesa list andreturnsit avector(think of c as“column”). Checkthevalueof thevariable
observations by enteringit at theprompt.

> observations
[1] 2.0 4.6 1.0 3.7 5.9 4.0 6.7 2.8 1.4 3.1

Manipulationson vectorswork thesameway asmanipulationson singlenumbers.Supposetheseobserva-
tionswerein inchesbut needto beconvertedto centimeters:

> 2.54*observations
[1] 5.080 11.684 2.540 9.398 14.986 10.160 17.018 7.112 3.556 7.874

Notethatthevectorobservations still containstheoriginaldata.

> mean(observations)
[1] 3.52
> var(observations)
[1] 3.450667

The above functionsreturn the meanandvariance,respectively. Note that thesefunctionswill not work
correctlyunlessthey aregivenvectorsasarguments.This first item below is anattemptto give mean three
arguments,but it only expectsone.Theseconditem is thecorrectway: givemeanasingleargument,which
happensin thiscaseto bea vectorwith threeelements.

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

Question: How wouldyounormalizethevectorobservations to havemean0 andvariance
1?
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10 Selecting from Vectors

Subsetsof a vectorcanbeselectedby usingsquarebrackets.

> observations[3]
[1] 1
> observations[5:7]
[1] 5.9 4.0 6.7
> observations[c(1,2,7,1)]
[1] 2.0 4.6 6.7 2.0

Theabovefunctionsreturnthethird observation,thefifth throughseventhobservations,andthefirst, second,
seventhandfirst (again)observations,respectively.

To selecteverythingexcept someparticularelementor setof elements,usea minussign. Thefollowing
commandwould returntheentirevectorexceptthefirst element.

> observations[-1]
[1] 4.6 1.0 3.7 5.9 4.0 6.7 2.8 1.4 3.1

Vectorscanalsobesearchedusinglogic statements.To pick out all observationswhich have a valuelarger
thanfour, type:

> observations[observations>4]
[1] 4.6 5.9 6.7

11 An Example in S-PLUS

In the previousexamplewe hadto type the datain by hand. S-PLUScanreaddatafrom a file, aswill be
describedin a futurehandout.For now, consideradatasetthatcomespre-loadedinto S-PLUS.

Thesedataconcernscarspurchasedin 1974. Therearethreevectorsof data: car.time , thenumber
of dayssincethe carwaspurchased;car.miles , the numberof miles drivenbetwenthis fill-up andthe
previousfill-up; andcar.gals , thenumberof gallonsrequiredto fill the tank. Thesevectorsarealready
loadedinto S-PLUS,soyoushouldbeableto accessthemby typing theirnames.

> car.time
[1] 1.0 7.0 17.0 28.0 42.0 56.0 65.0 74.0 76.0 88.0 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] 277.0 282.0 288.0 289.0 292.0 292.5 294.0 295.0 300.0 305.0 310.0 314.0
[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] 609.0 610.0 610.5 614.0 622.0 635.0 645.0 652.0 660.0 667.0 686.0 702.0

[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] 194.5 208.3 188.6 193.0 212.0 207.5 216.2 203.1 202.5 193.5 116.0 221.6
[25] 194.2 213.6 217.3 211.5 200.0 191.0 227.0 207.4 209.8 212.5 209.0 213.1
[37] 215.4 215.8 204.1 165.0 176.3 243.0 142.0 293.0 118.0 224.0 221.9 199.0
[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
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[97] 179.0 153.0 207.0 234.0 193.0 210.0 196.0 217.0 228.0 201.0 216.0 189.4
[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 11.5 13.5 14.3 25.7 13.3 12.7 8.9 14.2 12.0 13.2 12.8 13.6 12.3
[16] 13.2 13.1 13.6 13.6 13.0 12.5 11.6 7.5 14.2 11.9 13.1 13.6 14.2 12.1 12.8
[31] 13.9 13.0 12.5 13.6 12.8 14.2 13.0 13.8 12.3 8.9 10.3 11.6 7.8 14.5 7.1
[46] 12.0 12.3 12.5 14.1 13.0 12.3 13.2 13.7 13.4 12.5 12.9 13.3 6.2 13.2 12.8
[61] 11.2 13.5 13.2 14.1 13.6 13.0 12.8 13.2 12.9 13.0 13.0 12.0 14.5 21.2 13.2
[76] 12.9 12.5 22.0 13.1 12.3 13.2 13.7 12.5 13.2 13.5 13.9 12.5 12.4 12.3 10.5
[91] 11.5 12.8 12.0 13.0 5.8 9.5 9.0 7.7 10.1 11.9 11.4 12.6 12.5 12.7 13.6

[106] 11.7 13.5 12.3 13.0 13.2 13.2 11.6 13.8 13.5 13.9 14.2 13.0 13.0

Supposewe areinterestedin how many miles per gallon thesecarsgot. Let’s createa “miles per gallon”
vectorby dividing thecar.miles vectorby thecar.gals vector. S-PLUSwill divide eachelementof
car.miles by thecorrespondingelementof car.gals , which is exactlywhatwewant.

> car.mpg <- car.miles/car.gals

Now wecananalyzethemilespergallondata.Somesummarystatisticsmightbea goodplaceto start:

> summary(car.mpg)
Min. 1st Qu. Median Mean 3rd Qu. Max.

13.04 15.19 15.93 16.21 16.78 21.05
> var(car.mpg)
[1] 2.438916

A stem-and-leafplot 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 shows that mostof thesecarsgot between15 and17 miles per gallon,althoughtherearea few cars
whichgot19.5MPGor more.Thismightberelatedto how longthecarhasbeenowned.We cansummarize
thecar.time vectorandthenselectthecarswith thegoodMPG numbersto seehow long they havebeen
ownedandcomparethemto therest.
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> summary(car.time)
Min. 1st Qu. Median Mean 3rd Qu. Max.

1 235.2 370.8 388.2 563.2 786
> car.time[car.mpg > 19.5]
[1] 292.5 295.0 370.5 371.0 607.5 609.0 610.0 610.5 614.0

Theredoesnotappearto beany patternto this: someof thecarsarerelatively old, somearerathernew.

Question: How would you do a stem-and-leafplot of milespergallon for all carsownedless
than600days?

12 Graphics in S-PLUS

Perhapsa graphicalapproachto this datawould be moreenlightening.Thefirst stepis to opena window
for graphics,by typing motif() or X11() if youareusinga UNIX workstationor win.graph() if you
arerunningS-PLUSon Windows. Either functionshouldcausea window titled “S-PLUS” to appear. Plot
commandsenteredat theregularS-PLUSpromptwill causepicturesto appearin theS-PLUSwindow.

Let’sstartwith a histogramof themilespergallondata(afteropeningthegraphicswindow).

> motif()
> hist(car.mpg)
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�
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If you try this, your plot will probablybe in a differentcolor scheme(probablywhite boxeson a black
background).Thecolorschemeis controlledby amenuin thegraphicswindow, andyoumaywantto change
it to “Black onWhite” or whateveryou find easiestto read.

To find out the relationshipbetweenhow long a carhasbeenownedandhow many milespergallon it
gets,plot car.time on thex-axisandcar.mpg on they-axis.
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> plot(car.time, car.mpg)
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Theredoesn’t appearto beany obviousrelationshipbetweenhow longa carhasbeenownedandits mileage
pergallon.

Question: Is therearelationshipbetweencar.time andcar.miles , orbetweencar.time
andcar.gals ? Do someplotsandfind out.

If you giveplot just oneargumentthenit will plot thatvectoron they-axisagainstanindex (this is useful
whenyouwantto plot residualsin theorderthey wereobserved,to makesurethatthevariancewasconstant).

Whenyouaredone,usethefunctionq() to quit S-PLUS.Youdonotneedto closethegraphicswindow,
it will closeon its own.
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