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1 Intr oduction

Thishandoutis intendedasanintroductionto programmingin S-PLUSThereaderis assumedto befamiliar
with S-PLUSandto befamiliarwith elemenatyprogrammingconceptslike loopingandbranching.

2 Writing Functions

S-PLUScomeswith many functionsbuilt in, suchasmean, log, lm andothers.S-PLUSalsoallowsyouto
createandrunyourown functions.

To createafunction,youmusttell S-PLUShow many argumentsthefunctiontakes,andwhatit does.The
followingseriesof commandswouldcreateafunctionof two variablesandstoreit asmy.function. When
afunctionhasfinishedexecuting,it returnsthevalueof its lastline, in thiscasethevalueof value.to.return.

my.function <- function(arg1, arg2)
{
...
value.to.return
}

Thecurly brackets{ and } areusedto indicatea batchof commandswhich shouldbeexecutedtogether.
Thefunction commandexpectsto evaluateonly onething, so to evaluatemultiple commands,enclose
themin curly brackets.

S-PLUS,for somereason,doesnothavea standarddeviationfunction.Why notwrite one?

> stdev <- function(x)
+ {
+ sqrt(var(x))
+ }

(Recallthatwhenanincompletecommandhasbeenentered,S-PLUSprovidesa+ promptuntil thecommand
is completed.)Thecurly bracketsarenot necessaryfor this function,sinceit consistsof only onecommand,
but they don’t hurt.

To demonstratehow thefunctionworks,makeupsomevectorandtry thestdev function.

> z <- c(1, 2, .45, -1.2, 2.3)
> stdev(z)
[1] 1.395708

Functionsarea typeof objectin S-PLUS,like vectorsanddataframes.Thismeansthey canbemanipulated
like theotherobjects.

�
In writing this handoutI washelpedgreatlyby theS-PLUSHelp Archive maintainedby theUniversityof TorontoDepartmentof

Statistics
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> is.function(stdev)
[1] T
> my.stdev <- stdev

Assignmentswithin a functionhave only “local” scope.That is, they do not affect thevalueof any external
objects.Considerthefollowing example,in whichthevalueof test is changedwithin afunction,buttest
hasits originalvaluewhenthefunctionis through.

Thefunctionchanger takesnoargumentsandchangesthevalueof test to"changed". Thefunction
thenreturnsthevalueof test.

> test <- "unchanged"
> changer <- function()
+ {
+ test <- "changed"
+ test
+ }
> changer()
[1] "changed"
> test
[1] "unchanged"

Sincechanger includestwo commands,we needthecurly bracketsat thebeginningandat theend. Also
notethatthelastline of changer, test is whatthefunctionreturnswhenit is throughexecuting.

Sometimeslocalscopewill seemlikeagoodthingto you,sincethereis nodangerof afunctiondoingany
unexpecteddamageto your data.On theotherhand,it will sometimesmake editingdatamorecomplicated
thanyouwould like.

If youdid actuallywantto usechanger to changethevalueof test, you coulddo this:

> test
[1] "unchanged"
> test <- changer()
> test
[1] "changed"

For complicatedfunctions,it is helpful to includecommentsexplainingwhatthefunctiondoes.Anything
on a line aftera # symbolwill be ignoredin executingthe function,but will show up whenthe function is
displayed.Thismeansthata line of commentsshouldbeprecededby #.

> stdev <- function(x)
+ {
+ # This function calculates standard deviation
+ sqrt(var(x))
+ }
> stdev
function(x)
{
# This function calculates standard deviation

sqrt(var(x))
}

3 Editing Functions

Youdonotneedto retypeafunctioneverytimeyouwantto makeachange.S-PLUSprovidesafunction,ed
allowing you to edit functionsin a specialwindow. Thefunctioned usesits own editor, but you canspecify
thatyou would ratheruseemacs.
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> stdev <- ed(stdev, editor="emacs")

Theabovecommandcreatesanemacswindow in which thecurrentdefinitionof stdev canbeedited.Once
editingis completed,thenew versionis savedasstdev.

If you don’t wantto typeeditor="emacs" every time,createyourown functioncallededit, which
invokesed andusesemacs.

Question: How?

4 Loopsand Logic

At thispoint you shouldbeableto write straightforwardfunctionsthatapplya seriesof commandto several
arguments.However, whatif youwantto dosomethingmorecomplicated?

To dosomethinga setnumberof times,useafor loop, like this: for (index in range) { }
Thevariableusedastheindex takesoneachvaluelistedin therange,in order. For example,thefollowing

for loop is usedto sumthenumbers1 through10.

> total <- 0
> for(i in 1:10)
+ {
+ total <- total+i
+ }
> total
[1] 55

Thisalsoworksfor morecomplicatedranges:

> total <- 0
> for(i in c(1,2,4,5,9))
+ total <- total+i
> total
[1] 21

Thefollowing functiondemonstratesa moreusefulapplicationof afor loop. Thefunctionstretch,
describedbelow, takesavectorandstretchesit out,by repeatingeachelementof thevectorthesamenumber
of times. (The body of the function createsa blank vector, and then appendsthe copiesof the original
elements).This is sometimesusefulin reformattingdata. Thegutsof this functionusesthe functionrep,
whichgeneratesavectorconatainingthefirst argumentrepeatedthenumberof timesspecifiedby thesecond
argument.

> stretch <- function(vec, num)
+ {
+ output <- c()
+ for(i in 1:length(vec))
+ output <- append(output, rep(vec[i], num))
+ }
> stretch(c("big bird", "oscar", "snuffleupagus"),4)
[1] "big bird" "big bird" "big bird" "big bird"
[5] "oscar" "oscar" "oscar" "oscar"
[9] "snuffleupagus" "snuffleupagus" "snuffleupagus" "snuffleupagus"

Notethatrep canbeusedto lengthenthedatain a differentway:

> rep(c("big bird", "oscar", "snuffleupagus"),4)
[1] "big bird" "oscar" "snuffleupagus" "big bird"
[5] "oscar" "snuffleupagus" "big bird" "oscar"
[9] "snuffleupagus" "big bird" "oscar" "snuffleupagus"
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An if statementlookslikeif (expression) { } else { }
Theexpressioncanbeany logicalstatement,using<,>,==,& (and),| (or),etc.If theexpressionevaluates

to true,thepartwithn thefirst setof bracketswill beexecuted.If it is false,theelse section,if oneexists
(it is optional)will beexecuted.

> x <- 1
> if(x < 1) {"x is less than one"} else {"x is greater than or equal to one"}
[1] "x is greater than or equal to one"

A while loop cando everythinga for loop cando, but it canhandlemoregeneralloopsaswell. The
formatis while (expression ) { }

Thefollowing functionwill calculatethelargestintegerpower(greaterthanzero)of apositivenumberx
which is lessthany. Thetwo if statementsensurethatthevalueof x will work. Thenext two instructions
initializei andtotal. Thewhile loop is thegutsof this function.

> max.power <- function(x, y)
+ {
+ if(x < y & x > 0)
+ if(x > 1) {
+ i <- 1
+ total <- x
+ while(total * x < y) {
+ i <- i + 1
+ total <- total * x
+ }
+ i
+ }
+ else "Infinity"
+ else NULL
+ }

Thetwoif statementsensurethatx andy makesensein thiscontext. Thewhile statementkeepsmultiply-
ing by x andcountinghow many timesit hasdonethis. In theend,i, "Infinity" or NULL is returned.

> max.power(2, 100)
[1] 6
> max.power(2, 1)
NULL
> max.power(.5, 100)
[1] "Infinity"
> max.power(-3, 100)
NULL

Question: How would you re-write max.power to returnmore informative messagesthan
“NULL” for caseswherethe first argumentis larger thanthe second,or the first argumentis
negative?

5 Apply

Whenyouhavetimeandmemoryconstraints,thefunctionapply is oftenmoreusefulthana loop. Consider
theiris dataset(includedwith S-PLUS)which consistsof 50 observationsof four characteristicsof three
typesof iris. To find themeanobservationfor eachcharacteristic,onepossibilityis:
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> get.iris.mean <- function(x)
+ {
+ report <- rep(0,4)
+ for(i in 1:4)
+ report[i] <- mean(iris[,i,])
+ report
+ }
> get.iris.mean(iris)
[1] 5.843333 3.057333 3.758000 1.199333

A cleanerway, whichdoesnot involveany looping,is:

> apply(iris, 2, mean)
Sepal L. Sepal W. Petal L. Petal W.
5.843333 3.057333 3.758 1.199333

Theabovesays“with thematrixiris, alongmargin 2 applythefunctionmean”.
To find themeanfor eachcharacteristic(margin 2) for eachtypeof iris, use:

> apply(iris, c(2,3), mean)
Setosa Versicolor Virginica

Sepal L. 5.006 5.936 6.588
Sepal W. 3.428 2.770 2.974
Petal L. 1.462 4.260 5.552
Petal W. 0.246 1.326 2.026

6 Bulletproofing

You may want to put someerror handlingin your functions. S-PLUShasa few functionswhich do this:
stop andwarning. The functionstop will returnanerrorandterminatethefunction,while warning
will returnanerrormessagebut continueexecutingthefunction.

Thefollowing standarddeviationfunctionworksthesameasbeforebut returnsanerrorif its argumentis
not a vector(theexclamationpoint beforeis.vector means“negation”,sotheerrormessageappears“if
x is nota vector”).

> stdev <- function(x)
+ {
+ # stdev with error handling
+ if(!is.vector(x))
+ stop("The argument to stdev must be a vector")
+ else sqrt(var(x))
+ }

As anexample,considerthevectorz which wasusedto testthestandarddeviation functionbefore,andz
afterit is convertedto amatrix.

> stdev(z)
[1] 1.395708
> z <- as.matrix(z)
> stdev(z)
Error in stdev(z): The argument to stdev must be a vector
Dumped

S-PLUSreturnsthe error messageverbatim(so when you write error messages,make surethat they are
informative).
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7 DebuggingFunctions

S-PLUShasa few functionswhich are helpful for figuring out whereerrorsare ocurring. The function
inspect is aninteractivedebugger, whichallowsyouto stepthroughafunctionandcheckthevaluesof the
variablesat eachpoint. Usually, this will besufficient to identify a bug, but inspect hasmoreadvanced
featuresaswell.

Typeinspect(max.power(2,9)) to tracethrougha call to max.power with arguments2 and9.
Theinspect prompt,d> will appear. Typehelp to seea list of commands,andobjects to seea list of
variablesdefinedin thefunction.

Themaincommandsyou will needaredo to advanceonecommandof theprogram,step to advance
oneline of a loop of a program,andeval to evaluatea variable.You canadvancemultiple linesby typing
do followedby thenumberof lines,anda similar thing works for step. Thedifferencebetweendo and
step is thatdo treatsablockof commands(for instance,in a loop)asasinglecommand,whilestep looks
ateachcommandseparately.

Thecommandresume endsthedebuggerafterrunningthroughtherestof theprogram,andquit ends
thedebuggerwithoutexecutingany more.

8 An Example

Note: in this section, numerous mistakes are made, for illustrative purposes.
Considerafunctionfor breakingavectorintoany numberof quantiles.If thedatalook likec(.42,.15,.25,.27,.35,.38,.41,.1)

for instance,thetwo-quantilebreakdown would bec(2,1,1,1,2,2,2,1) andthefour-quantileversion
wouldbec(4,1,2,2,3,3,4,1).

S-PLUShasa function,quantile which takesa vectorof dataanda vectorof probabilitybreakpoints
(c(0,.5,1) for two quantiles,c(0,.25,.5,.75,1) for four, etc.) andreturnsthebreakpointsfor the
quantilesof data.Thiswill bethegutsof thefunction.

Thefunctionwill look somethinglike this:

by.quantiles <- function(x, n)
{

Generate the vector of probability breakpoints for n quantiles.
Use quantile to generate the actual breakpoints.
Use these breakpoints to classify the data, x, into n quantiles.
Return the result.

}

Thefirst stepis to figureouthow to generatetheprobabilitybreakpoints.Weknow thatthiswill besome
vector, startingwith 0 andendingwith 1. Thevectorto split thedatain half conatainedthreeelements(0, .5,
1) andthevectorto split thedatain four partstook five elements(0, .25,.5, .75,1) sowe canfigurethatthe
vectorfor splitting thedatainto n partswill requiren+1 elements.We canusetherep functionto createa
framework for this vector. It is probablybestto try out eachpartof the functionseparately, until we know
thatall thepieceswill fit together.

> by.quantiles <- function(n,x)
+ {
+ pbreaks <- rep(0, n+1)
+ pbreaks[n+1] <- 1
+ pbreaks
+ }
> by.quantiles(c(1,2,3,4),2)
Error in rep.int: rep() only defined for length(times)==1 or length(x): rep.int(
1:xlen, times)
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. . .
Dumped

Woops,x shouldbe the first argument,n the second. After that correction,the test run produces
“[1] 0 0 1” asoutput,which looksright sofar. We needto figurea way to calculatethemiddlenumbers
in the vector. Oneway to do this could be a for-loop. We know the first andlast numbersin the vector,
andwantto fill in themiddlenumbers,oneat a time. In theexampleof two quantilesthevectorcountedby
halves,(0, .5, 1) andin theexampleof four quantilesthevectorcountedby quarters,(0, .25, .5, .75,1). In
thecaseof n quantiles,thevectorshouldcountby 1/n.

Usetheed or edit functionto changeby.quantiles to thefollowing form:

function(x, n)
{

pbreaks <- rep(0, n + 1)
pbreaks[n + 1] <- 1
for(i in 2:(n-1))

pbreaks[i] <- 1/n
pbreaks

}

Now let’s try thisout:

> by.quantiles(c(1,2,3,4),2)
[1] 0.5 0.5 1.0

Hmm,thatdoesn’t look right, thefirst oneshouldbe0. Let’s try somedifferentinput to geta betteridea
of whatis goingwrong.

> by.quantiles(c(1,2,3,4),4)
[1] 0.00 0.25 0.25 0.00 1.00

This shows a coupleof problems:the0 is showing up next-to-last,andthenumbersarenot increasing.
Thesecondproblemis comingfrom thepbreaks[i] <- 1/n line. We wantto geti somewhereon the
right sideof thatequation.Thefirst problemis becauseweusedn-1 insteadof n in thefor-loop. Thevector
hasn+1 elements,sothenext-to-lastelementis elementn, notn-1.

Fixing therangeof thefor-loopshouldsolve thefirst problem,andlet’s try i/n insteadof 1/n to solve
thesecondproblem.

> by.quantiles(c(1,2,3,4),2)
[1] 0 1 1
> by.quantiles(c(1,2,3,4),4)
[1] 0.00 0.50 0.75 1.00 1.00

Woops,it shouldbe(i-1)/n. After fixing thatbug,thispartof thefunctiondoeswhatit is supposedto.

> by.quantiles
function(x, n)
{

pbreaks <- rep(0, n + 1)
pbreaks[n + 1] <- 1
for(i in 2:n)

pbreaks[i] <- (i - 1)/n
pbreaks

}
> by.quantiles(c(1,2,3,4),4)
[1] 0.00 0.25 0.50 0.75 1.00
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Thenext stepis to usethequantile functionto calculatethebreaksbetweenthequantilesin thedata.
Typehelp(quantile) to find out how to usethethis function. To preventhaving to type in a vectorof
dataevery timewe testtheprogram,storea vectorof dataassample.

> sample <- c(.42,.15,.25,.27,.35,.38,.41,.1)

Now, let’sput in thequantile functionandtestit outonsample. Thevaluesreturnedfor n=4 should
besomethinglike (.1,.2,.3,.4,.5).

> by.quantiles
function(x, n)
{

pbreaks <- rep(0, n + 1)
pbreaks[n + 1] <- 1
for(i in 2:n)

pbreaks[i] <- (i - 1)/n
dbreaks <- quantile(x, probs = pbreaks)
dbreaks

}
> by.quantiles(sample, 4)

0% 25% 50% 75% 100%
0.1 0.225 0.31 0.3875 0.42

Thatlooksaboutright. Thenext stepis to usedbreaks to write thedataby quantiles.Whatwewantto
do is look ateachelementof data,andif it is betweentwo breakpoints,it is in thatquantile.

We can start by generatingn+1 zeroes,and then using a for-loop to fill them in. Actually, we will
needtwo for-loops:oneto bring in eachelementof data,anotherto checkthatelementagainsteachpair of
quantiles.Note that this meansthat eachelementwill continueto be checked againsteachquantile,even
afterit hasbeenplacedin thecorrectquantile.We couldwrite a fasterfunctionwhichstopscheckingonceit
findsthecorrectquantile,but thatwouldbemorecomplicatedto write.

Thetwo for-loops(oneoni, theotheronj) will containanif statement,whichaskswhethertheelement
fits in thej’ th quantile.If it does,thevaluej is recordedfor thatelement.

> by.quantiles <- edit(by.quantiles)
> by.quantiles
function(x, n)
{

pbreaks <- rep(0, n + 1)
pbreaks[n + 1] <- 1
for(i in 2:n)

pbreaks[i] <- (i - 1)/n
dbreaks <- quantile(x, probs = pbreaks)
data.by.quantiles <- rep(0, n + 1)
for(i in 1:(n + 1))

for(j in 1:n)
if(x[i] >= dbreaks[j] & x[i] < dbreaks[j + 1])

data.by.quantiles[i] <- j
data.by.quantiles

}
> by.quantiles(sample, 4)
[1] 0 1 2 2 3

How cometheoutputis not aslong astheoriginal data?Let’s useinspect to try to figureout whatis
goingwronginsidethosefor-loops.(Also, whatis thatzerodoingthere?)

8



> inspect(by.quantiles(sample, 4))
entering function by.quantiles
stopped in by.quantiles (frame 3), at:

pbreaks <- rep(0, n + 1)
d> do
stopped in by.quantiles (frame 3), at:

pbreaks[n + 1] <- 1
d> do
stopped in by.quantiles (frame 3), ahead of loop:

for(i in 2:n)
pbreaks[i] <- (i - 1)/n

d> do
stopped in by.quantiles (frame 3), after loop:

for(i in 2:n)
pbreaks[i] <- (i - 1)/n

d> do
stopped in by.quantiles (frame 3), at:

dbreaks <- quantile(x, probs = pbreaks)
d> do
stopped in by.quantiles (frame 3), at:

data.by.quantiles <- rep(0, n + 1)
d> do
stopped in by.quantiles (frame 3), ahead of loop:

for(i in 1:(n + 1))
for(j in 1:n)

if(x[i] >= dbreaks[j] & x[i] < dbreaks[j + 1])
...

d> eval x
[1] 0.42 0.15 0.25 0.27 0.35 0.38 0.41 0.10
d> eval dbreaks

0% 25% 50% 75% 100%
0.1 0.225 0.31 0.3875 0.42

d> eval data.by.quantiles
[1] 0 0 0 0 0
d> quit

Aha! The data.by.quantiles vectorshouldhave the samelengthasx, not the samelengthas
dbreaks. Thismeansi shouldgo from 1 to length(x).

> by.quantiles <- edit(by.quantiles)
> by.quantiles
function(x, n)
{

pbreaks <- rep(0, n + 1)
pbreaks[n + 1] <- 1
for(i in 2:n)

pbreaks[i] <- (i - 1)/n
dbreaks <- quantile(x, probs = pbreaks)
data.by.quantiles <- rep(0, length(x))
for(i in 1:length(x))

for(j in 1:n)
if(x[i] >= dbreaks[j] & x[i] < dbreaks[j + 1])

data.by.quantiles[i] <- j
data.by.quantiles

9



}

This looksbetter, but still doesn’t work.

> by.quantiles(sample, 4)
[1] 0 1 2 2 3 3 0 1

Let’s useinspect againandseewhat’s goingwrong. Remember, theoutputshouldbe(4, 1 2, 2, 3, 3,
4, 1), sohow comethefunctionis generating0’s insteadof 4’s?Or, sincetheoutputstartswith 0’s,why is it
leaving themas0’s insteadof generating4’s?

> inspect(by.quantiles(sample, 4))
entering function by.quantiles
stopped in by.quantiles (frame 3), at:

pbreaks <- rep(0, n + 1)
d> do 6
stopped in by.quantiles (frame 3), ahead of loop:

for(i in 1:length(x))
for(j in 1:(n - 1))

if(x[i] >= dbreaks[j] & x[i] < dbreaks[j + 1])
...

d> step 5
stopped in by.quantiles (frame 3), at:

if(x[i] >= dbreaks[j] & x[i] < dbreaks[j + 1])
data.by.quantiles[i] <- j

d> eval j
[1] 4
d> eval data.by.quantiles[1]
[1] 0

At thispointS-PLUShascheckedthefirst element(.42)againstthefourthquantile,but hasrecordeda0
meaningthatit doesnotfit. Why not?

d> eval x[i] >= dbreaks[j]
75%
T

d> eval x[i] < dbreaks[j+1]
100%

F

Hmm,thefirstelementis greaterthanor equalto the75thpercentile,butnotlessthanthe100thpercentile.
Why not?

d> eval x[i]
[1] 0.42
d> eval dbreaks[j+1]
100%
0.42

Aha! Thetestshouldbewhetherx[i] is lessthanor equalto dbreaks[j+1] insteadof strictly less
than.After thiscorrection,thefunctionworksasit is supposedto. Theworking functionlookslike this:

function(x, n)
{

pbreaks <- rep(0, n + 1)
pbreaks[n + 1] <- 1
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for(i in 2:n)
pbreaks[i] <- (i - 1)/n

dbreaks <- quantile(x, probs = pbreaks)
data.by.quantiles <- rep(0, length(x))
for(i in 1:length(x))

for(j in 1:n)
if(x[i] >= dbreaks[j] & x[i] <= dbreaks[j + 1])

data.by.quantiles[i] <- j
data.by.quantiles

}
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