Programmingin S-PLUS

Aidan Palmer
Januaryl5, 1999

1 Intr oduction

This handouis intendedasanintroductionto programmingn S-PLUSThereadelis assumedo befamiliar
with S-PLUSandto be familiar with elemenatyprogrammingconceptdik e loopingandbranching.

2 Writing Functions

S-PLUScomeswith mary functionsbuilt in, suchasnean, | og, | mandothers.S-PLUSalsoallows youto
createandrun your own functions.

To createafunction,youmusttell S-PLUShow mary argumentghefunctiontakes,andwhatit does.The
following seriesof commandsvould createa functionof two variablesandstoreit asny. f unct i on. When
afunctionhasfinishedexecutingjt returnghevalueof its lastline, in thiscasehevalueofval ue. t o. r et ur n.

nmy. function <- function(argl, arg2)

{

val ue.to.return

}

Thecurly braclets{ and } areusedto indicatea batchof commandsvhich shouldbe executedtogether
Thef unct i on commandexpectsto evaluateonly onething, soto evaluatemultiple commandsenclose
themin curly braclets.

S-PLUS for somereasondoesnot have a standardieviation function. Why notwrite one?

stdev <- function(x)

sqgrt(var(x))
}

(RecallthatwhenanincompletecommandasbeenenteredS-PLUSprovidesa+ promptuntil thecommand
is completed.)The curly bracletsarenot necessargor this function,sinceit consistf only onecommand,
but they don't hurt.

To demonstrat@ow the functionworks, make up somevectorandtry thest dev function.

+ + + V

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

Functionsareatype of objectin S-PLUS Jik e vectorsanddataframes.This meanghey canbe manipulated
like theotherobjects.

*In writing this handoutl washelpedgreatlyby the S-PLUSHelp Archive maintainedoy the University of TorontoDepartmenof
Statistics



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

Assignmentsvithin a function have only “local” scope.Thatis, they do not affect the valueof ary external
objects.Considethefollowing example,in whichthevalueof t est is changedvithin afunction,butt est
hasits original valuewhenthefunctionis through.

Thefunctionchanger takesnoargumentsandchangeshevalueoft est to" changed" . Thefunction
thenreturnsthevalueof t est .

test <- "unchanged"
changer <- function()
{

test <- "changed"

t est

}

changer ()

[1] "changed"

> test

[1] "unchanged"

V+ ++ 4+ VYV

Sincechanger includestwo commandswe needthe curly bracletsat the beginningandat theend. Also
notethatthelastline of changer , t est is whatthefunctionreturnswhenit is throughexecuting.
Sometimesocal scopewill seemik e agoodthingto you, sincethereis nodangerof afunctiondoingary
unexpecteddamagdo your data. Onthe otherhand,it will sometimesnake editingdatamorecomplicated
thanyouwouldlike.
If youdid actuallywantto usechanger to changehevalueoft est , you coulddothis:

> test

[1] "unchanged"

> test <- changer()
> test

[1] "changed"

For complicatedunctions,it is helpfulto includecomment®xplainingwhatthefunctiondoes.Anything
onaline aftera# symbolwill beignoredin executingthe function, but will shov up whenthe functionis
displayed.This meanghataline of commentshouldbe precededy #.

> stdev <- function(x)

+ {

+ # This function cal cul ates standard devi ation

+ sqgrt(var(x))

+ }

> stdev

function(x)

{

# This function cal cul ates standard devi ati on
sqrt(var(x))

}

3 Editing Functions

Youdo notneecdto retypeafunctionevery time youwantto make achange S-PLUSprovidesafunction,ed
allowing you to edit functionsin a specialwindow. Thefunctioned usests own editor, but you canspecify
thatyou wouldratheruseemacs.



> stdev <- ed(stdev, editor="enmacs")

Theabore commanccreateanemacsvindow in whichthecurrentdefinitionof st dev canbeedited.Once
editingis completedthenew versionis savedasst dev.

If youdon't wantto typeedi t or =" emacs" everytime, createyour own functioncallededi t , which
invokesed andusesemacs.

Question: How?

4 Loopsand Logic

At this pointyou shouldbe ableto write straightforvardfunctionsthatapplya seriesof commando several
arguments However, whatif youwantto do somethingnorecomplicated?
To do somethinga setnumberof times,useaf or loop, likethis: f or (indexi nrange) { }
Thevariableusedastheindex takeson eachvaluelistedin therange in order For example thefollowing
f or loopis usedto sumthenumbersl throughl0.

> total <- O

> for(i in 1:10)
+ {

+ total <- total +i
+ }

> total

[1] 55

This alsoworksfor morecomplicatedanges:

> total <- O

> for(i inc(1,2,4,5,9))
+ total <- total +i

> total

[1] 21

Thefollowing functiondemonstratea moreusefulapplicationof af or loop. Thefunctionst r et ch,
describedelow, takesavectorandstretchest out, by repeatingeachelemeniof thevectorthe samenumber
of times. (The body of the function createsa blank vector and then appendghe copiesof the original
elements).This is sometimesusefulin reformattingdata. The gutsof this function usesthe functionr ep,
which generatea vectorconataininghefirst arlgumentrepeatedhe numberof timesspecifiedoy thesecond
argument.

> stretch <- function(vec, nunm

+{

+ out put <- c()

+ for(i in 1:1length(vec))

+ out put <- 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] "snuffl eupagus snuf f | eupagus snuf f | eupagus"” "snuf fl eupagus”

Notethatr ep canbeusedto lengtherthedatain a differentway:

> rep(c("big bird", "oscar", "snuffleupagus"), 4)
[1] "big bird" "oscar" "snuf f| eupagus" "big bird"
[5] "oscar” "snuf f| eupagus” "big bird" "oscar"
[9] "snuffl eupagus" "big bird" "oscar" "snuf f| eupagus”



An if statementookslikei f ( expression) { } else { }

Theexpressiortanbeary logicalstatementysing<,>, ==, &(and),| (or), etc.If theexpressiorevaluates
to true, the partwithn thefirst setof bracletswill be executed.If it is false,theel se section,if oneexists
(it is optional)will beexecuted.

> x <- 1
> jif(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 whi | e loop cando everythinga f or loop cando, but it can handlemore generalloopsaswell. The
formatiswhi | e (expression) { }

Thefollowing functionwill calculatethelargestintegerpower (greatetthanzero)of a positive numberx
whichis lessthany. Thetwo i f statementgnsurehatthevalueof x will work. The next two instructions
initialize i andt ot al . Thewhi | e loopis thegutsof thisfunction.

> max. power <- function(x, y)

+

+ if(x <y &x >0)

+ if(x >1) {

+ i <1

+ total <- x

+ while(total * x <vy) {

+ i <- i +1

+ total <- total * Xx

+ }

+ i

+ }

+ else "Infinity"

+ el se NULL

+}

Thetwoi f statementensurahatx andy make senseén this context. Thewhi | e statemenkeepamnultiply-
ing by x andcountinghow mary timesit hasdonethis. In theend,i ," | nfi ni ty" 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 return more informative messageshan
“NULL" for caseswherethe first agumentis larger thanthe second,or the first algumentis
negative?

5 Apply

Whenyou have time andmemoryconstraintsthefunctionappl y is oftenmoreusefulthanaloop. Consider
thei ri s dataset(includedwith S-PLUS)which consistsof 50 obsenrationsof four characteristicef three
typesof iris. To find themeanobsenationfor eachcharacteristiconepossibilityis:



> get.iris.mean <- function(x)

+ {

+ report <- rep(0,4)

+ for(i in 1:4)

+ report[i] <- nean(iris[,i,])

+ report

+ }

> get.iris.mean(iris)

[1] 5.843333 3.057333 3. 758000 1.199333

A cleaneway, which doesnotinvolve ary looping,is:

> apply(iris, 2, mean)
Sepal L. Sepal W Petal L. Petal W
5. 843333 3.057333 3.758 1.199333

Theabove says‘with thematrixi ri s, alongmarmgin 2 applythefunctionmean”.
To find themeanfor eachcharacteristi¢margin 2) for eachtypeof iris, use:

> apply(iris, c(2,3), nean)
Set osa 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 wantto put someerror handlingin your functions. S-PLUShasa few functionswhich do this:
st op andwar ni ng. Thefunctionst op will returnanerrorandterminatethe function, while war ni ng
will returnanerrormessagéut continueexecutingthefunction.

Thefollowing standardleviation functionworksthe sameasbeforebut returnsanerrorif its alguments
nota vector(the exclamationpointbeforei s. vect or means'negation”, sothe errormessageappearsif
X is notavector”).

stdev <- function(x)

{

# stdev with error handling

if(!'is.vector(x))

stop("The argunment to stdev nmust be a vector")
el se sqgrt(var(x))

}

As anexample,considerthe vectorz which wasusedto testthe standarddeviation function before,andz
afterit is corvertedto a matrix.

+ + + 4+ + + V

> stdev(z)

[1] 1.395708

>z <- as.matrix(z)

> stdev(z)

Error in stdev(z): The argunent to stdev nust be a vector
Dunped

S-PLUSreturnsthe error messageverbatim(so whenyou write error messagesnake surethat they are
informative).



7 Debugging Functions

S-PLUShasa few functionswhich are helpful for figuring out where errorsare ocurring. The function
i nspect isaninteractve detuggerwhichallowsyouto stepthroughafunctionandcheckthevaluesof the
variablesat eachpoint. Usually, this will be sufficient to identify a bug, but i nspect hasmoreadwanced
featuresaswell.

Typei nspect (max. power (2, 9) ) totracethrougha call to max. power with arguments2 and9.
Thei nspect prompt,d> will appearTypehel p to seealist of commandsandobj ect s to seealist of
variablesdefinedin thefunction.

The maincommands/ou will needaredo to advanceonecommandof the program,st ep to advance
oneline of aloop of aprogram,andeval to evaluatea variable.You canadvancemultiple lines by typing
do followed by the numberof lines, anda similar thing works for st ep. Thedifferencebetweendo and
st ep isthatdo treatsablock of commandgfor instancejn aloop) asasinglecommandwhile st ep looks
ateachcommandseparately

Thecommand esune endsthedeluggerafterrunningthroughtherestof theprogramandqui t ends
thedehuggerwithout executingany more.

8 An Example

Note: in this section, numerous mistakes are made, for illustrative purposes.
Considemafunctionfor breakingavectorinto any numbermf quantilesIf thedatalook likec( . 42, . 15, . 25, . 27, . 35, . 38
for instancethe two-quantilebreakdevn wouldbec( 2, 1, 1, 1, 2, 2, 2, 1) andthefour-quantileversion
wouldbec(4, 1,2, 2,3,3,4,1).
S-PLUShasafunction,quant i | e whichtakesa vectorof dataanda vectorof probabilitybreakpoints
(c(0,.5,1) fortwo quantilesc(0, . 25, .5, .75, 1) for four, etc.) andreturnsthe breakpointgor the
guantilesof data. Thiswill bethegutsof thefunction.
Thefunctionwill look somethindikethis:

by. quantiles <- function(x, n)

{

Generate the vector of probability breakpoints for n quantiles.
Usequant i | e to generate the actual breakpoints.
Use these breakpointsto classify the data, X, into n quantiles.
Return the result.

Thefirst stepis to figureout how to generateéhe probability breakpointsWe know thatthis will besome
vector, startingwith 0 andendingwith 1. Thevectorto split thedatain half conatainedhreeelementg0, .5,
1) andthevectorto split the datain four partstook five elementg0, .25, .5, .75, 1) sowe canfigurethatthe
vectorfor splitting the datainto n partswill requiren+1 elementsWe canusether ep functionto createa
frameawork for this vector It is probablybestto try out eachpartof the function separatelyuntil we know
thatall the pieceswill fit together

> by. quantiles <- function(n,x)
+
+ pbreaks <- rep(0, n+l)
+ pbreaks[n+l] <- 1
+ pbreaks

+}

> by.quantiles(c(1,2,3,4),2)

Error in rep.int: rep() only defined for length(tinmes)==1 or length(x): rep.int(
1:xl en, tines)



Dunped

Woops, x should be the first agument,n the second. After that correction,the test run produces
“I'1] 0 0 1" asoutput,whichlooksright sofar. We needto figureaway to calculatehe middlenumbers
in the vector Oneway to do this could be a for-loop. We know the first andlast numbersin the vector,
andwantto fill in themiddlenumberspneatatime. In the exampleof two quantilesthe vectorcountedby
halves, (0, .5, 1) andin the exampleof four quantilesthe vectorcountedby quarters(0, .25, .5, .75,1). In
thecaseof n quantilesthevectorshouldcountby 1/n.

Usetheed oredi t functionto changeby. quant i | es 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
pbr eaks
}

Now let'stry thisout:

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

Hmm, thatdoesnt look right, thefirst oneshouldbe 0. Let’s try somedifferentinputto 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 shavs a coupleof problems:the 0 is shaving up next-to-last,andthe numbersarenot increasing.
Thesecondoroblemis comingfrom thepbr eaks[i] <- 1/ nline. Wewantto geti somavhereonthe
right sideof thatequation.Thefirst problemis becauseve usedn- 1 insteadof n in thefor-loop. Thevector
hasn+1 elementssothenext-to-lastelemenis elemenin, notn- 1.

Fixing the rangeof the for-loop shouldsolwe thefirst problem,andlet’stry i / n insteadof 1/ n to solve
thesecondproblem.

> by.quantiles(c(1,2,3,4),2)
[1] 011

> 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, this partof thefunctiondoeswhatit is supposedo.

> by. quantiles
function(x, n)

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

> by.quantiles(c(1,2,3,4),4)
[1] 0.00 0.25 0.50 0.75 1.00



Thenext stepis to usethequant i | e functionto calculatethe breaksbetweerthequantilesin the data.
Typehel p(quanti | e) tofind outhow to usethethis function. To preventhaving to typein a vectorof
dataeverytime we testthe program storea vectorof dataassanpl e.

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

Now, let'sputin thequant i | e functionandtestit outonsanpl e. Thevaluesreturnedor n=4 should
besomethindike(.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)
dbr eaks
}

> by. quantil es(sanple, 4)
0% 25% 50% 75% 100%
0.1 0.225 0.31 0.3875 0.42

Thatlooksaboutright. The next stepis to usedbr eaks to write the databy quantiles Whatwe wantto
dois look ateachelemenbf data,andif it is betweertwo breakpointsit is in thatquantile.

We canstartby generatingn+1 zeroes,and then using a for-loop to fill themin. Actually, we will
needtwo for-loops: oneto bring in eachelementof data,anotherto checkthatelementagainsteachpair of
guantiles. Note that this meansthat eachelementwill continueto be checled againsteachquantile,even
afterit hasbeenplacedin the correctquantile.We couldwrite afasterfunctionwhich stopscheckingonceit
findsthe correctquantile but thatwould be morecomplicatedo write.

Thetwo for-loops(oneoni , theotheronj ) will containanif statementwhichaskswhethertheelement
fitsin thej 'th quantile.If it doesthevaluej is recordedor 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[] + 1])
data. by.quantiles[i] <- |
dat a. by. quantil es
}

> by. quantiles(sanple, 4)
[1]1 01223

How comethe outputis not aslong asthe original data?Let’'s usei nspect to try to figure out whatis
goingwronginsidethosefor-loops. (Also, whatis thatzerodoingthere?)



> inspect(by.quantil es(sanple, 4))
entering function by.quantiles
stopped in by.quantiles (frane 3), at:
pbreaks <- rep(0, n + 1)
d> do
stopped in by.quantiles (frane 3), at:
pbreaks[n + 1] < 1
d> do
stopped in by.quantiles (frame 3), ahead of |oop
for(i in 2:n)
pbreaks[i] <- (i - 1)/n
d> do
stopped in by.quantiles (frane 3), after |oop
for(i in 2:n)
pbreaks[i] <- (i - 1)/n
d> do
stopped in by.quantiles (frane 3), at:
dbreaks <- quantile(x, probs = pbreaks)
d> do
stopped in by.quantiles (frane 3), at:
data. by.quantiles <- rep(0, n + 1)
d> do
stopped in by.quantiles (frane 3), ahead of | oop
for(i in 1:(n + 1))
for(j in 1:n)
if(x[i] >= dbreaks[j] & x[i] < dbreaks[] + 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 00O0O
d> quit

Aha! Thedat a. by. quant i | es vectorshouldhave the samelengthas x, not the samelengthas
dbr eaks. Thismeans shouldgofrom1tol engt h(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)
dat a. by. quantiles <- rep(0, |length(x))
for(i in 1:1ength(x))
for(j in 1:n)
if(x[i] >= dbreaks[j] & x[i] < dbreaks[] + 1])
data. by. quantiles[i] <- |
dat a. by. quantil es



Thislooksbetter but still doesnt work.

> by.quantil es(sanple, 4)
[1] 01223301

Let'susei nspect againandseewhat’s goingwrong. Rememberthe outputshouldbe (4,1 2, 2, 3, 3,
4, 1), sohow comethefunctionis generatind’s insteadof 4's? Or, sincethe outputstartswith 0’s, why is it
leaving themasQ's insteadof generatingl’'s?

> inspect (by. quantil es(sanple, 4))
entering function by.quantiles
stopped in by.quantiles (frane 3), at:

pbreaks <- rep(0, n + 1)
d> do 6
stopped in by.quantiles (frane 3), ahead of | oop

for(i in 1:1ength(x))

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

d> step 5
stopped in by.quantiles (frane 3), at:
i f(x[i] >= dbreaks[j] & x[i] < dbreaks[j + 1])
data. by. quantiles[i] <- ]

d> eval |

[1] 4

d> eval data.by.quantil es[1]
[1] ©

At this point S-PLUShaschecledthefirst element.42) againsthe fourth quantile,but hasrecordeda 0
meaningthatit doesnotfit. Why not?

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

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

Hmm,thefirst elemenis greatethanor equatlto the75thpercentile put notlessthanthe100thpercentile.
Why not?

d> eval x[i]
[1] 0.42
d> eval dbreaks[j +1]
100%
0. 42

Aha! Thetestshouldbewhetherx[ i ] is lessthanor equalto dbr eaks[ j +1] insteadof strictly less
than. After this correction thefunctionworksasit is supposedo. Theworking functionlookslik e this:

function(x, n)

{
pbreaks <- rep(0, n + 1)
pbreaks[n + 1] < 1

10



for(i in 2:n)

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

for(j in 1:n)

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

dat a. by. quantil es
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