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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

xl ab=expr essi on( hat ( t het a) )

• Static memory model
– All data/functions in . RDat a
– All read into RAM: 

?Memor y
~/ . Renvi r on

– Issue re multiple BATCH processes
– save. i mage( )

• Run from within emacs
– ESS line in ~/ . emacs
– M- x R [enter starting directory]
– Cut-and-paste from another file

• Miscellaneous
– q( )
– hel p. st ar t ( ) hel p( ) ?
– l i br ar y( ct est )
– ni ce +19 R BATCH i f i l e of i l e &
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Data modes
• numeric is.numeric(), as.numeric()
• character
• logical
• factor
• ordered
• complex
• NULL

Data structures
• vector all elements must have same mode
• matrix "
• array "
• list ordered set; possibly different modes
• data.frame list of vectors each of same length

(has characteristics of list and matrix)

Missing values

NA is.na()

Assignment

a <- 1
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Generating data

Vectors: c( ) : seq( ) r ep( )
a <- c( 1,  3,  - 5. 6,  21. 89,  0. 56)
b <- 1: 20
d <- - 5: - 30
e <- seq( 5,  10. 6,  l engt h=50)
f  <- seq( 5,  - 38,  by=- 3)
g <- r ep( 2,  50)
h <- r ep( c( 1, 2) ,  50)
i  <- r ep( c( - 1, 3) ,  c( 30, 40) )
j  <- r uni f ( 50, 2, 20)
k <- r nor m( 100, 10, 3)
r poi s,  r gamma,  r bi nom,  …

Matrices: mat r i x( )
A <- mat r i x( r nor m( 100, 10, 3) , ncol =5)
B <- mat r i x( c( 1, 3, 5, 10) , ncol =2, byr ow=T)

Lists: l i s t ( ) vect or ( " l i s t " , n)
x <- l i s t ( c( 1, 5, 10, 1: 20) , l et t er s[ 1: 8] )
y <- vect or ( " l i s t " , 5)

Data.frame dat a. f r ame( ) r ead. t abl e( )
a <- r ead. t abl e( " mydat a. csv" ,  sep=" , " ,

header =TRUE)
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Operators
+ - * / ^

%/ % (modulo) %% (remainder)

== < > <= >= ! =

&& | | & | !

Math functions
sqr t l og exp l og2 l og10

abs si n cos t an asi n

si nh asi nh gamma l gamma

bet a choose l choose

Vectorized calculations
x <- 1: 10
y <- 11: 20
x + y;  sqr t ( x)
x^ ( - l og( y) )  + 1

x <- r ep( c( TRUE,  FALSE) ,  2)
y <- r ep( c( TRUE, FALSE) ,  c( 2, 2) )
! x
x & y
x && y
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Matrix operators/functions
%* % t ( ) sol ve( ) chol ( )
di ag( ) ei gen( ) out er ( )
qr ( ) svd( ) kr onecker ( )

Functions
mean( x)
mean( x, na. r m=T)
sd( x)
var ( x)
r uni f ( 50,  2,  20)
r nor m( 100,  sd=3)

Subsetting

Vectors
x <- r nor m( 26,  0,  3)
y <- r nor m( 26,  5,  3)
x[ c( 1, 5, 10) ]
x[ - ( 1: 12) ]
x[ x < 1]
x[ x <= 1 & y > 3 & i s. na( x) ]

names( x)  <- l et t er s
x[ c( " a" , " b" , " f " ) ]
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Subsetting

Matrices
A <- mat r i x( r nor m( 100) , ncol =5)
A[ 1: 5, ]
A[ , c( 2, 5) ]
A[ , - ( 3: 4) ]
A[ A[ , 1] <5, ]
A[ 14: 19, c( 1, 3) ]
di m( A) ;  l engt h( A)
di mnames( A) <- l i s t ( as. char act er ( 1: 20) ,

past e( " col " , 1: 5, sep=" " ) )
A[ , " col 3" ]

Lists
v <- l i s t ( c( 1, 5, 20) , c( " aar dvar k" ,

" ant el ope" ) ,
mat r i x( r uni f ( 100) , ncol =4) )

v[ [ 1] ]
v[ 1: 2]
names( v)  <- c( " number " , " ani mal " , " mat " )
v$number
v$mat [ 1: 5, ]

Data.frames
Use either the matrix or list version
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Programming

Conditional statements
i f (  … )  {
}
el se {
}

Loops
f or ( i  i n 1: ncol ( x) )  {
}
whi l e( any( abs( a)  > t ol ) )  {
}
r epeat  {

i f ( …)  br eak;
}

Vectorized calculations ↔ loop avoidance
appl y( mat ,  2,  quant i l e)
t ( appl y( mat ,  1,  quant i l e) )
l appl y( l i ,  f unct i on( a, b)  

mean( a[ a>b] ) ,  val )
sappl y( l i ,  f unct i on( a, b)

mean( a[ a>b] ) ,  val )
a <- 1: 100
b <- sampl e( 1: 3, 100, r epl =T)
t appl y( a, b, sd)
sappl y( spl i t ( a, b) , sd)
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Graphics
pl ot ( )
l i nes( )
poi nt s( )
boxpl ot ( )
bar pl ot ( )
hi st ( )
pai r s( )
l egend( )

Special control
par ( )

l as
xpd
cex
mf r ow
mf col
l t y
l wd
new
usr
xaxt
yaxt
ask
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Miscellaneous
l s( )
obj ect s( )
at t ach( " / home1/ …/ . RDat a" )
sear ch( )
obj ect s( 2)
obj ect s( 2, pat t er n=" t ab" )
obj ect s( 4, pat t er n=" ^na[ . ] " )

. Fi r st  <- f unct i on( )  {
at t ach( " …/ . RDat a" )
opt i ons( obj ect . s i ze=100000)
l i br ar y( ct est , mva, modr eg)

}

sour ce( " myf i l e. R" )
uni x. t i me( a <- r nor m( 100000) )

x <- mat r i x( r nor m( 100) , ncol =5)
nr ow( x) ncol ( x)    r ow( x) col ( x)

sor t ( ) or der ( )    r ev( )
pgamma( ) dgamma( )   qgamma( )   r gamma( )
cat ( ) gr ep( )     nchar ( ) past e( )
subst r i ng( ) abbr evi at e( )

unl i s t ( ) sampl e( )



10

Examples

kij ~ Poisson( i)  for   j = 1, …, ni
xij | kij ~ normal( + kij, 2)

si m. np <-
f unct i on( par a=c( 0: 3 + 0. 1,    10, 5, 2) ,

n=c( 30, 30, 30, 33) )
{

i f ( l engt h( par a)  ! = l engt h( n)  + 3)
st op( " l engt h( par a)  ! = l engt h( n) +3" )

n. gr p <- l engt h( n)
l ambda <- par a[ 1: n. gr p]
absi g <- par a[ - ( 1: n. gr p) ]

k <- r poi s( sum( n) ,  r ep( l ambda, n) )
x <- r nor m( sum( n) ,  absi g[ 1]  + 

k* absi g[ 2] ,   absi g[ 3] )

l i s t ( k=k,  x=x)
}
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Examples

# Fi sher ’ s ( exact )  t est
f i sher   <- f unct i on( t ab, n. s i m=1000)
{  

bot 0 <- sum( l gamma( t ab+1) )  # obser ved

bot  <- 1: n. s i m
a <- l i s t ( r ep( r ow( t ab) , t ab) ,

r ep( col ( t ab) , t ab) )
f or ( i  i n 1: n. s i m)  {

a <- l appl y( a, sampl e)
t ab2 <- t abl e( a)
bot [ i ]  <- sum( l gamma( t ab2+1) )

}
mean( bot 0 < bot )

}

x <- mat r i x( c( 2, 1, 3, 4,  
4, 1, 1, 6,
0, 1, 0, 7) ,  ncol =4,  byr ow=T)

f i sher ( x)
f i sher ( x, n. s i m=500)



12

Statistical models 

l m( ) aov( ) gl m( )
nl s( ) [  l i br ar y( nl s)  ]
t r ee( ) [  l i br ar y( t r ee)  ]

mydat a <- dat a. f r ame( x1=r nor m( 100) ,
x2=r nor m( 100) )

mydat a$y <- 0. 5* mydat a$x1 -
mydat a$x2+r nor m( 100, 0, 0. 2)

mydat a$y[ sampl e( 1: 100, 10) ]  <- NA

o1 <- l m( y ~ x1 + x2,  dat a=mydat a)
o2 <- l m( y ~ - 1 + x1 + x2, dat a=mydat a)
summar y( o2)
pl ot ( o1$f i t t ed, o1$r esi d)

na. act i on = na. f ai l  na. omi t  na. i ncl ude

mydat a$y2 <- r bi nom( 100, 5,  
exp( mydat a$x1) / ( 1+exp( mydat a$x1) ) )

mydat a$y2 <- mydat a$y2 /  5
mydat a$n <- r ep( 5, 100)
o3 <- gl m( y2~x1+x2,  

f ami l y=bi nomi al ( l i nk=l ogi t ) ,
dat a=mydat a, wei ght s=n)


