Introduction to R

Open-source implementation of the S

language

— Free; can see source code; UNIX/PC/Mac

— Scaled down vs S-PLUS (little garbage; not all
functions are available yet)

— Some improved control over graphics
x| ab=expressi on(hat (theta))

Static memory model
— All data/functions in . RDat a

— All read into RAM:
?Menory

~/ . Renvi ron

— Issue re multiple BATCH processes
— save. i mge()

Run from within emacs
— ESSIlinein~/. emacs
— M X R [enter starting directory]

—  Cut-and-paste from another file

Miscellaneous

- q()
— help.start () hel p() ?

— library(ctest)
— nice +19 RBATCH ifile ofile & 1



Data modes

* numeric Is.numeric(), as.numeric()
e character

* logical

 factor

» ordered

e complex

 NULL

Data structures

e vector all elements must have same mode
* matrix "

e array !

o list ordered set; possibly different modes

o data.frame list of vectors each of same length
(has characteristics of list and matrix)

Missing values
NA IS.na()

Assignment

a <- 1



Generating data

Vectors: c() : seq() rep()
<- c¢(1, 3, -5.6, 21.89, 0.56)
<- 1:20

<- -5:-30

<- seq(5, 10.6, I|ength=50)
seq(5, -38, by=-3)

<- rep(2, 50)

<- rep(c(l,2), 50)

<- rep(c(-1,3), c(30,40))

<- runif (50, 2, 20)

<- rnorn(100, 10, 3)

rpois, rgamm, rbinom
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Matrices: mat ri x()
A <- matrix(rnorn(100, 10, 3), ncol =5)
B <-matrix(c(1, 3,5, 10), ncol =2, byr ow=T)

Lists: list() vector("list",n)
X <- list(c(1,5,10,1:20),letters[1:8])
y <- vector("list",5)

Data.frame data.frane() read.tabl e()

a <- read.tabl e("nydata.csv", sep=",",
header =TRUE)



Operators

+ _ * / N

% % (modulo) %% (remainder)
== < > <= >= | =
&& | | & | !

Math functions
sgrt | og exp | og2 10910
abs sin COS tan asin
sinh asinh ganma | ganmma

beta choose | choose

Vectorized calculations
X <- 1:10
y <- 11:20
X +y; sqrt(x)
x*(-log(y)) +1

X <- rep(c(TRUE, FALSE), 2)

y <- rep(c(TRUE, FALSE), c(2,2))
I X

X &Yy

X && Yy



Matrix operators/functions

% % t() sol ve() chol ()

di ag() eigen() outer()

gr () svd() kr onecker ()
Functions

mean( X)

mean( X, na. r m=T)

sd( x)

var ( X)

runi f (50, 2, 20)
rnor n( 100, sd=3)
Subsetting

Vectors
X <- rnorm(26, 0, 3)

y <- rnorn(26, 5, 3)
x[c(1,5,10)]

X[-(1:12)]

X[ x < 1]

X[ X <=1 &Yy >3 &is.na(x)]

nanes(x) <- letters
x[c("a","b","f")]



Subsetting

Matrices
A <- matrix(rnorn(100), ncol =5)
Al 1:5,]
Al,c(2,5)]
Al -(3:4)]
Al A, 1] <5, ]
Al 14:19,c(1, 3)]
dinm(A); length(A
di manes(A)<- list(as.character(1:20),
paste("col", 1:5,sep=""))
Al, "col 3"]

Lists
v <- list(c(1,5,20),c("aardvark",
"ant el ope"),
matri x(runif(100), ncol =4))
vi[1]]
v[ 1: 2]
nanes(v) <- c("nunber"”,"aninmal","mt")
vSnunber
vémat [ 1: 5, ]

Data.frames
Use either the matrix or list version



Programming

Conditional statements
;f ( ...) {

el se {

}

Loops
for(i in 1:ncol (x)) {
}
whi | e(any(abs(a) > tol)) {
}
repeat {
1 f(.) break;
}

Vectorized calculations -~ loop avoidance
apply(mat, 2, quantile)
t(apply(mat, 1, quantile))
| appl y(li, function(a,b)

nmean(a[a>b]), val)
sapply(li, function(a,b)

mean(a[ a>b]), val)
a <- 1:100
b <- sanple(1: 3,100, repl=T)
t appl y(a, b, sd)
sappl y(split(a, b), sd)



Graphics
pl ot ()
| i nes()
poi nts()
boxpl ot ()
bar pl ot ()
hi st ()
pairs()
| egend()

Special control
par ()
| as
Xpd
cex
nfrow
nf col
|ty
| wd
new
usr
xaxt
yaxt
ask



Miscellaneous
I's()
obj ect s()
attach("/honel/../.RData")
search()
obj ect s(2)
obj ects(2, pattern="tab")
obj ects(4, pattern=""na[.]")

.First <- function() {
attach("../.RData")
opti ons(obj ect.si ze=100000)
| i brary(ctest, nva, nodr eg)

}

source("nyfile. R")
uni Xx.time(a <- rnorm(100000))

X <- matrix(rnorn100), ncol =5)
nrow X) ncol (x) rowm x) col (x)

sort () or der () rev()

pgamma() dgamme() qgamma() rganmma()
cat () grep() nchar () paste()
substring() abbrevi at e()

unl i st () sanmpl e() 9



Examples

ki ~ ~Poisson(a) for j=1,...,n

simnp <-
function(para=c(0:3 + 0.1, 10, 5, 2),
n=c( 30, 30, 30, 33))
{
| f(length(para) !'= length(n) + 3)
stop("length(para) != length(n)+3")

n.grp <- | ength(n)

| anbda <- para[ l:n.grp]

absig <- para[-(1:n.grp)]

K <- rpois(sum(n), rep(lanbda, n))

X <- rnorm(sum(n), absig[1l] +
k*absig[ 2], absig[3])

|1 st(k=k, x=x)
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Examples

# Fisher’s (exact) test
fisher <- function(tab,n.sim=1000)

{
bot0 <- sum(l gamma(tab+l)) # observed

bot <- 1l:n.sim
a <- list(rep(row(tab),tab),
rep(col (tab), tab))

for(i 1n 1:n.sim {

a <- |apply(a, sanpl e)

tab2 <- table(a)

bot[iI] <- sunm(lgamm(tab2+1))
}
mean(bot 0 < bot)

}

X <- matrix(c(2,1, 3,4
4,1,1,6
0,1,0,7

,0,7), ncol =4, byrow=T)

fisher(x)
fisher(x, n.sinm=500)
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Statistical models

| m() aov() gl m()
nls() [ library(nls) ]

tree() [ library(tree) |

nydata <- data.franme(xl=rnorn 100),
x2=r nor n( 100) )
nydat asy <- 0.5*nydat a$x1l -
nydat a$x2+r nor m( 100, 0O, 0. 2)
nydat a$y[ sanpl e(1: 100, 10)] <- NA

ol <- Imy ~ x1 + x2, data=nydat a)

02 <- Imy ~ -1 + x1 + x2,data=nydat a)
sunmar y( 02)

pl ot (01$fitted, 0l$resid)

na.action = na.fail na.omt na.i ncl ude

nydat a$y2 <-rbi nom( 100, 5,

exp( nydat a$x1)/ ( 1+exp(nydat a$x1)))
nydat a$y2 <- nydata$y2 / 5
mydat a$n <- rep(5, 100)
03 <-gl my2~x1+x2,

fam | y=binom al (1ink=logit),

dat a=nydat a, wei ght s=n)
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