Objectsand Data Typesin S PLUS*

Aidan Palmer
Januaryl5, 1999

1 Introduction

S-PLUSclassifiebjectdanto mary differenttypes,suchasvectorsanddataframes.SomeS-PLUSfunctions
treatthesedifferenttypesdifferently For example,the functionpl ot will do a scatterploff it recevesa
numericvector aboxplotif it recevesafactor or aseriesof plotsif it recevesregressioroutput(complicated
functionoutput,suchasthe outputfrom regressionis generallyin theform of alist). Thisflexibility is called
“object orientedprogramming”.

All objectshave values andattributes. An objects valueis whatyou seewhenyou typethe nameof the
object,andattributesarethingslik e length(for vectors) dimensiongfor a matrix), or row andcolumnlabels
(for adataframe). The mostcommonobjectsandtheir attributesaredescribedelow.

2 Scalarsand Vectors

The simplestobjectin S-PLUSIs a scalar Scalarsare single numbers(type “numeric”) or words (type
“character”).Charactersnustbeenclosedn quotes:" x" meangheletterx, x meangheobjectx. Similarly,
1 meanghenumberoneand” 1" meanghe symbolusedfor the numberone.

A vectoris a setof scalarsarrangedn a onedimensionakrray (or alternatvely, scalarsare vectorsof
length1). Vectorscanonly containonetype of scalar:eithernumbersor charactergut not both. If S-PLUS
seedothin thesamevectorit will changehenumericargumentgo charactergby enclosinghemin quotes).

> blah < ¢(1,2,3,"d")
> bl ah
[ 1] n 1" n 2Il n 3" n dll

In the exampleabove, S-PLUScorvertedthe numbersl,2 and3 to their respectie symbolssothatall four
elementsn bl ah would becharacters.

Usesubscriptgo seeor changethe valueof a particularelementor elementof a vector(this is covered
in “Introductionto S-PLUS").

> bl ah[ 1]

(1 "1

> blah[c(1, 2, 3)]

[1 "a1" "2" "3"

> bl ah[ 4]

[1 "d

> blah[4] <- "zip"

> bl ah

[1] "1" "2" "3" "zip"

*In writing thishandout) washelpedagreatdealby the S-PLUSHelp Archive maintainedy theUniversity of Torontos Department
of Statistics.



Vectorshave a lengthattribute, which canbe viewedor changedy usingthefunctionl engt h.

> | engt h( bl ah)

[1] 4

> | ength(blah) <- 5

> bl ah

[} "1* "2" "3" "zip" ""

Notethatwhenbl ah waschangedo lengthfive,theblankcharacte(" " ) wasaddedo theendof thevector
asthefifth element.Hadbl ah beena numericvector, the new elementwvould have beenthe blanknumeric
element“NA”", for Not Available).

Question: Whathappensvhenyou reducethelengthof avector?

3 Checking and Changing Types

If you areunsureof thetype of anobject,checkit by usingthe setof functionsthatbegin with i s. There
is onefor almostevery type of object,andthey return“T” or “F” (true or false)dependingon whetherthe
objectin questionis of thattype.

> is.vector (bl ah)
(1] T

> is.character (bl ah)
(1] T

> i s.nuneric(bl ah)
[1] F

In the above example,S-PLUSwasasled whetherbl ah wasa vector(true), a charactetrue, a character
vector),or anumeric(false).
S-PLUScanchangeobjectsfrom onetypeto anotherbut only if thereis anobviousway to do so.

> as.nuneric("1")
[1] 1
> as.nuneric("hello")
[1] NA
WAr ni ng nessages:
1 missing value generated coercing fromcharacter to nuneric in: as.nuneril\
c("hello")

In theexampleabove, S-PLUSknew how to changahesymbol“1” into thenumberl, but nothow to change
theword “hello” into anumber Someusesof theas functionswill beshavn in subsequerdections.

4 Factors

Factorsarea very usefultool in S-PLUS.A factoris a vectorwherethe variouselementsepresentlifferent
levelsof avariableandtherelative effectsof thoselevelsareunknown.

Supposanexperimentvereperformedntenpatientsusingthreedifferenttreatmentsplacebomedicine
A, andmedicineB. Supposehefirst threerecevedthe placebothe next four receved medicineA, andthe
final threereceved medicineB. The responsevariableis degreeof improvement. The datawill consistof
two vectors:whichtreatment patientrecevedandthe extentto which he or sherecovered.

If themedicinevectorwerecodedasnumbersijt wouldimply anorderinganda scaleof theeffectsof the
threetreatmentsFor instance codingplaceboas0, medicineA as1 andmedicineB as2 would imply that
medicineB is twice is good(or twice ashad)asmedicineA, andthatthedifferencebetweemmedicineB and
medicineA is the sameasthe differencebetweermedicineA andthe placebo.In this experiment,we will
notknow therelative valuesof thethreetreatmentsintil afterthe experimentis complete sowe cannotcode
thetreatment@snumbersinsteadentera vectorof characterandcorwvertit to afactor



> nmedi cine <- c(rep("Placebo", 3), rep("A", 4), rep("B", 3))
> nedi ci ne
[1] "Placebo" "Placebo" "Pl acebo" "A" A" A A
[8] "B" "B "B
> medi ci ne <- as.factor(nedicine)
> nedi ci ne
[1] Pl acebo Pl acebo Pl acebo A A A A B B
[10] B

(Thefunctionr ep(what, n) isashortcutwhichrepeatghefirstargumentn times.)

> | evel s(nedi ci ne)
[1] "A" "B" "Pl acebo"

The vectornedi ci ne is a factorwith threelevels, but no particularorderto the levels. If a factorhas
a definite orderto its levels, you can specifythat by declaringit to be an “orderedfactor”. For example,
suppose& marketingfirm weretrying to guagethe appeabf a nev movie. The datacould consistof a factor
for viewers’responsesandperhapsereralvectorsof demographicataon eachviewer.

> responses

[1] Geat Good Good Poor Geat Fair Awful Fair Good Fair Poor G eat
[13] Fair Good Poor Fair Fair Geat

> | evel s(responses)

[1] "AWful" "Fair" "Good" "Geat" "Poor"

The factorr esponses hasfive levels, but they shouldnot be in alphabeticabrder Usethe or der ed
functionto corvertr esponses to anorderedfactor

> responses <- ordered(responses, |levels=c("Awful", "Poor", "Fair", "Good",
> responses

[1] Geat Good Good Poor Geat Fair Awful Fair Good Fair Poor G eat
[13] Fair Good Poor Fair Fair Geat

Awful < Poor < Fair < Good < G eat

Now S-PLUSunderstandshat thereis an orderingto the data,with “Awful” beingthe lowestlevel and
“Great” beingthe highest.

WARNING: Do nottry to changeheorderof thedataby makinganassignmento thel evel s attribute.
Alwayschangeheorderof thedataby usingthe or der ed function.

Theonly reasorto make anassignmento thel evel s attributeis to changehelabelsonthelevels.

> nedi ci ne

[1] Pl acebo Pl acebo Pl acebo A A A A B B
[10] B
> | evel s(nedi ci ne)
[1] "A" "B" "Pl acebo"
> | evel s(nedicine) <- c("Medicine A", "Medicine B", "Placebo")

> nedi ci ne
[1] Pl acebo Pl acebo Pl acebo Medi ci ne A Medicine A Medicine A
[7] Medicine A Medicine B Medicine B Medicine B

Question: Generat@vector nor er esponses, whichconsistof “BestMovie Ever” repeated
twice and“Worst Movie Ever” repeatedhreetimes. Make it an orderedfactor sothat “Worst

Movie Ever” is the lower of thetwo levels. Appendnor er esponses tor esponses. What

doesthis new vectorlook like? Do someeditingto make “Worst Movie Ever” the lowestlevel

(below “Awful”) and“Best Movie Ever” the highest(above “Great”). Changethelabelsonthe

levels,if necessary

"Great"))



5 Matrices

A matrixis like a vector but in two dimensionsTo enteramatrixin S-PLUS,entera vectorof dataandthe
dimension®f the matrix. For example:

> matrix(c(1:9), nrow=3, ncol =3, byr ow=T)

(.1 [.2] [,3]

[1,] 1 2 3
[2,] 4 5 6
[3,] 7 8 9

In theabove example,the“by row” argumenttells S-PLUSto readthe datain by row. Thedefaultis to read
it by column,whichwould have resultedn:

> matrix(c(1:9), nrow=3, ncol =3)

(.1 [.2] [,3]

[1,] 1 4 7
[2,] 2 5 8
[3,] 3 6 9

Vectorscanbe corvertedinto matricespy usingtheas. nat r i x function. This functionchanges vector
of lengthn into ann by 1 matrix. Theas. vect or functioncanbeusedto changea matrixinto avector(by
readingdown thecolumns from left to right).

Matriceshave two attributes:the dimension®of the matrix, andthe namedor therows andcolumns.

> bulls <- matrix(c("Ron", "Mchael", "Scottie", "Dennis", "Luc", "Steve", "Toni",
“Jud", "John", "Bill"), nrow=2, ncol =5, byrow=T)
> bulls
[.1] [.2] [.3] [.4] [,3]
[1,] "Ron" "M chael " "Scottie" "Dennis" "Luc"
[2,] "Steve" "Toni" " Jud" "“John" "Bill"

To checkthedimension®f amatrix, usethefunctiondi m

> di m(bul | s)
[1] 2 5

Usethefunctiondi manes to seeor changetherow andcolumnnames.Notethatdimensiomnamesmust
beenteredasalist (seenext section).

> di manes(bul | s)
NULL
> di manes(bulls) <- list(c("Starters","Bench"),c("PG',"SG","SF","PF","C"))
> bulls
PG SG SF PF C

Starters "Ron" "M chael" "Scottie" "Dennis" "Luc"

Bench "Steve" "Toni" "Jud" "John" "Bill"
> di manes(bul | s)
[[1]]:
[1] "Starters" "Bench"

[[2]]:
[1] "PG "SG' "SF' "PF" "C



6 Lists

Lists are more powerful thanvectors,becausdahey canhold multiple typesof things. A vectoris a one-
dimensionahrrayof scalarswhile alist is aone-dimensionadrrayof objects. For example thislist contains
acharactewector anumericmatrix, anda numericvector:

> blah <- list(c("1","two","three","4"), matrix(c(1,2,3,4,5,6), nrown=2, ncol =3),c(1,7,17))
> bl ah

[[1]]:

[1] "1 "t wo" "three" "4"

[[211:
(.1 [,2] [,3]
5

[1,] 1 3
[2,] 2 4 6
[[3]]:

[1] 1 7 17

Selectingelementdrom alist requirestwo separatesubscriptsunlike vectors(which needone)or matrices
(which needa pair). The first subscript(in doublebraclets)tells which part of the list to select,andthe
secondin singlebraclets)tells which elemenftof thatpartto select.

> blah[[1]]

"1t "two" "three" "4"
> blah[[1]][ 3]

[1] "three"

> blah[[2]][1:2, 2]

[1] 3 4

Lists have anamesattribute:

> nanes(bl ah) <- c("sone.characters”,"a. matrix","some. nunbers")

> bl ah
$sone. char act er s:
[1] "1" "two" "three" "4"
$a. matri x:
(.1 [,2] [,3]
[1,] 1 3 5
[2,] 2 4 6

$sone. nunbers:
[1] 1 7 17

Onceyou assigmnamedo alist, you canselectpartsof thelist usingeitherthe nameor doublebraclets.

> bl ah$sone. char act er s[ 4]

(1] "4
> bl ah[[1]][ 4]
(1] "4



7 Data Frames

At this point you probablyrecognizethe mary similaritiesbetweendataframesandthe othertypesof ob-
jectsin S-PLUS.Dataframeshave dimensionrow namesandnamesattributes. Blanksin dataframesare
representetly NA, justlike blankentriesin numericvectors(andfactors).

Matricesmaybecorvertedto dataframesby usingthedat a. f r ane commandtheresnoas. f r ane).
Dataframesmay be corvertedto matriceswith as. mat ri x, althoughkeepin mind that matrices,like
vectors,canonly containonetype of datawhile dataframescancontainseveral. If thereareary characters
in the dataframe,corvertingit to amatrixwill resultin all of theelementdeingcorvertedto characters.

8 An Example, Using Data Framesand Factors

Thefollowing dataarefrom the New York ChoralSocietyof 1979. Eachsingerreportedhis or herheightto
thenearesinch. Theobjectveis to examinehow heightvariesacross/oicerange.Thevoiceparts,from low-
estto highestareBass,Tenor, Alto andSoprano.Thelowesttwo partsaresungby men,the highesttwo by
women.(Thesalataareavailablein thefile / af s/ andr ew/ st at / dat a/ S- Tut ori al s/ si ngers. dat).

Soprano Alto Tenor Bass
64 65 69 72
62 62 72 70
66 68 71 72
65 67 66 69
60 67 76 73
61 63 74 71
65 67 71 72
66 66 66 68
65 63 68 68
63 72 67 71
67 62 70 66
65 61 65 68
62 66 72 71
65 64 70 73
68 60 68 73
65 61 73 70
63 66 66 68
65 66 68 70
62 66 67 75
65 62 64 68
66 70 71
62 65 70
65 64 74
63 63 70
65 65 75
66 69 75
65 61 69
62 66 72
65 65 71
66 61 70
65 63 71
61 64 68
65 67 70
66 66 75
65 68 72



62

66
72
70
69

8.1 Reading and Organizingthe Data

Thefirst difficulty is thatthe datafile is not arrangedn atable. It is in four columns(SopranoAlto, Tenot
Bass),but the columnsarenot of equallength. This meanghatr ead. t abl e will not be ableto readthe
data.Insteadusescan, skippingoverthecolumnlabels.

> hei ght <- scan("singers.dat", skip=1)

> hei ght
[1] 64
[26] 67
[51] 72
[76] 75
[101] 69

65
71
71
65
62

69
72
65
62
66

72
66
64
64
72

62
66
70
68
65

62
66
73
66
65

72 70 66
68 65 63
68 60 68
70 71 62
71 66 61

68
68
73
65
70

71
68
65
70
65

72 65 67 66 69
63 72 67 71 67
61 73 70 63 66
65 64 74 63 63
63 71 61 64 68

60 67
62 70
66 68
70 65
65 67

76 73
66 65
65 66
65 75
70 66

61
61
68
66
66

63
65
70
69
75

74 71
68 62
62 66
75 65
65 68

[126] 62 66 72 70 69

Now thedataarein S-PLUS but arenotarrangedn ary usefulway. Analyzingthis datasetwould be made
easierif it wererepresentedstwo vectors,onefor heightandonefor correspondingingingpart. Sincethe
heightvectoris jumbled,this couldbetricky but therearetwo approacheto the problem.Thefirstis to sort
the heightvectorsothatthe sopranosomefirst, with the altos,tenors,andbassego follow. The seconds
to leave the heightvectorasit is, andgenerateghe singingpartvectorin away thataccountdor the ragged
columnsin the data.

The secondway looks easiey so let’s give thata shot. The first stepis to generatea vectorfor singing
part,whichwe canfill in aswe go.

> part <- rep("",

130)

The dataarein four columnsfor the first 20 lines, andthe heightvectorwasformedby readingacrossthe
data. This meanghatthe first, fifth, ninth, etc. entriesare sopranosthe secondgsixth, tenth,etc. arealtos
andsoon. In S-PLUS,"a:b” means'the integersfrom ato b”, andwe canusethis shortcutto generatehe
indiceswhichwe need.Thesubscriptl + 0:19*4 will pick outthefirst, fifth, ninth, etc.through77thentries
(whicharesopranos).

> part[1 + 0:19*4] <- "soprano"
> part[2 + 0:19*4] <- "alto"
> part[3 + 0:19*4] <- "tenor"
> part[4 + 0:19*4] <- "bass"
> part
[1] "soprano" "alto" "tenor” "bass" "soprano" "alto" "tenor"
[8] "bass" "soprano" "alto" "tenor” "bass" "soprano” "alto"
[15] "tenor” "bass” "soprano" "alto" "tenor" "bass" "soprano”
[22] "alto" "tenor" "bass" "soprano" "alto" “tenor" "bass"
[29] "soprano" "alto" "tenor" "bass" "soprano" "alto" "tenor"
[36] "bass" "soprano" "alto" "tenor" "bass" "soprano" "alto"
[43] "tenor” "bass” "soprano" "alto" "tenor" "bass" "soprano”
[50] "alto" "tenor" "bass" "soprano" "alto" "tenor" "bass"
[57] "soprano" "alto" "tenor" "bass" "soprano" "alto" "tenor"
[64] "bass" "soprano" "alto" "tenor" "bass" "soprano" "alto"
[71] "tenor" "bass" "soprano" "alto" "tenor" "bass" "soprano"
[78] "alto" "tenor" "bass" " " " "
[85] "" " " " " " "

65
66
67
61
72



[92] "" " " " " " "
[99] "" " " " " " "
[106] "™ " " " " " "
[113] "" " " " " " "
[120] "" " " " " " "
[127] " " " "

The next 15 lines of the datafile werein threecolumns,sincetherewere only 20 tenorsbut at least35 of
every othergroup.Thesopranosarenumbers31, 84,87, etc.

> part[81 + 0:14*3] <- "soprano"
> part[82 + 0:14*3] <- "alto"
> part[83 + 0:14*3] <- "bass"

Thenext row of thedataconsistof onesoprancandonebassandthelastthreerows have bassesnly. That
meanghe 126this a sopranandtherestarebasses.

> part[126] <- "soprano"
> part[127:130] <- "bass"

Now we have the two vectorsthatwe needfor the dataframe: heightandcorrespondingingingpart. Let's
putthesedatainto a 130by 2 matrix:

> tenp.matrix <- matrix(c(height, part), nrow=130, ncol =2)
> rm( hei ght)
> rm(part)

Notethatin the matrix, heighthasbeencorvertedto characterbecauseingingpartwasa charactewvector
Thiswill have to befixed.

Now thatwe have the datain a matrix, we cancorvertit to a dataframeandput thetwo columnsin the
form thatwe will want:

singers.frane <- data.frame(tenp. matri x)

rm(tenp. matrix)

nanes(singers.frame) <- c("Height","Part")

si ngers. frame$Hei ght <- as. nuneric(singers. frame$Hei ght)

singers. frame$Part <- ordered(as.factor(part), |evel s=c("bass","tenor",
"alto", "soprano"))

> singers. frame

Hei ght Par t

V VV VYV

1 64 soprano
2 65 alto
3 69 t enor
4 72 bass
5 62 soprano
6 62 alto
7 72 t enor
8 70 bass
9 66 soprano
10 68 alto
11 71 t enor
12 72 bass
13 65 soprano
14 67 alto
15 66 t enor



16 69 bass

17 60 soprano
18 67 alto
19 76 t enor
20 73 bass

We couldalsohave madethe vectorsinto a dataframevia:
> singers.frame <- data.frame(list(height, part))
Thiswould have preseredhei ght asanumericvectot

Question: If you wantedto corvertthe raw datato a cleanerformatin thefirst way suggested
(by puttingthehei ght vectorin orderby singingpart),how would youdo it?

8.2 TheAnalysis

First, someboxplots.

notif()

attach(singers. frame)

pl ot (Part, Height)

title(mai n="Si ngers’ Heights")

V V V V

Singers’ Heights

—

i i |

75
.

70
.

Height

[ —

bass tenor alto soprano

Part

This shavs that peoplewho sing the lower partsaregenerallytaller. Of course partof this is the factthat
mensing bassandtenorwhile womensing alto and soprano. So the interestingcomparisonsre between
bassandtenor andbetweeralto andsoprano.

Notethatif part hadnotbeencodedasanorderedfactorthe boxplotswould have beenin alphabetical
order If it hadnot beencodedasa factoratall, S-PLUSwould have madedotplotsinsteadof boxplots.

> t.test(Height[Part=="soprano"], Height[Part=="alto"])
St andard Two- Sanpl e t - Test

data: Height[Part == "soprano"] and Height[Part == "alto"]



t =-1.1289, df = 69, p-value = 0.2628
alternative hypothesis: true difference in neans is not equal to O
95 percent confidence interval:
-1.7591030 0.4876745
sanmpl e esti mat es:
nmean of x mean of y
64.25 64.88571

> t.test(Height[Part=="tenor"], Hei ght[ Part =="bass"])
St andard Two- Sanpl e t - Test

data: Height[Part == "tenor"] and Hei ght[Part == "bass"]
t =-2.1297, df = 57, p-value = 0.0375
alternative hypothesis: true difference in neans is not equal to O
95 percent confidence interval:
- 3. 04220979 -0. 09368765
sanpl e esti mat es:
mean of x mean of y
69.15 70.71795

Theset-testsshaw thatthereis no significantdifferencein meanheightbetweersopranosndaltos,but that
meanheightfor bassess significantlyhigherthanmeanheightfor tenors.
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