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G
aF rt

G
ing

On5 ceR i
�
s i

�
n5 st

�
al

4
l

4
ed on5 y6 ou7 r. com> p/ u7 t

�
er. , t

�
h

�
e sof

<
t

�
war. e i

�
s accessed b

�
y6 l

4
au7 n5 ch

�
i

�
n5 g t

�
h

�
ecor. r. esp/ on5 di

�
n5 g

exO ecu7 t
�
ab

�
l

4
e (R

y
Gu7 i

�
.exO e ou7 R

y
t

�
er. m> .exO e u7 n5 der. W

�
i

�
n5 dows, R

y
u7 n5 der. U

S
n5 i

�
xO ). T

=
h

�
e p/ r. om> p/ t

�
‘>’ i

�
n5 di

�
cat

�
es

t
�
hat

�
 R is wait

�
ing for y6 ou7 r commands.

U
S

nder W
�

indows, some commands relat
�
ed t

�
o t

�
he sy6 st

�
em (accessing t

�
he on-line help/ , op/ ening

f
<
i

�
l

4
es, ...) can5 b

�
e exO ecu7 t

�
ed v? i

�
a t

�
h

�
ep/ u7 l

4
l

4
-down5 m> en5 u7 s, b

�
u7 t

�
m> ost

�
of

<
t

�
h

�
em> m> u7 st

�
h

�
ev? e t

�
o b

�
e t

�
y6 p/ ed on5

t
�
h

�
e k

v
ey6 b

�
oar. d. W

�
e sh

�
al

4
l

4
see i

�
n5 a f

<
i

�
r. st

�
st

�
ep/ t

�
h

�
r. ee asp/ ect

�
s of

<
R: cr. eat

�
i

�
n5 g an5 d m> odi

�
f

<
y6 i

�
n5 g el

4
em> en5 t

�
s,

l
4
i

�
st

�
i

�
n5 g an5 d del

4
et

�
i

�
n5 g ob

�
j

V
ect

�
s i

�
n5  m> em> or. y6 , an5 d accessi

�
n5 g t

�
h

�
e on5 -l

4
i

�
n5 e h

�
el

4
p/ .

2.z 1 Th
{

e op| era} t
~
or <-

R is an obj
u
ect-orien� ted

�
langu7 age: t

�
he v? ariab

�
les, dat

�
a, mat

�
rices, fu7 nct

�
ions, resu7 lt

�
s, et

�
c. are

st
�
ored in t

�
he act

�
iv? e memory6 of t

�
he comp/ u7 t

�
er in t

�
he form of ob

�
j

V
ect

�
s which hav? e a name: one

h
�
as j

V
u7 st

�
t

�
o t

�
y6 p/ e t

�
h

�
e n5 am> e of

<
t

�
h

�
e ob

�
j

V
ect

�
t

�
o di

�
sp/ l

4
ay6 i

�
t

�
s con5 t

�
en5 t

�
. F

X
or. exO am> p/ l

4
e, i

�
f

<
an5 ob

�
j

V
ect

�
n� h

�
as

f
<
or.  v? al

4
u7 e 10 :

> n
[ 1]  10

The digit
�

1 wit
�
hin b

�
racket

�
s indicat

�
es t

�
hat

�
t

�
he disp/ lay6 st

�
art

�
s at

�
t

�
he first

�
element

�
of n (see §

3.4.1). The sy6 mb
�
ol aL s� s� ig� n� is u7 sed t

�
o giv? e a v? alu7 e t

�
o an ob

�
j

V
ect

�
. This sy6 mb

�
ol is writ

�
t

�
en wit

�
h a

b
�
r. ack

v
et

�
(< or. >) t

�
oget

�
h

�
er. wi

�
t

�
h

�
a si

�
gn5 m> i

�
n5 u7 s so t

�
h

�
at

�
t

�
h

�
ey6 m> ak

v
e a sm> al

4
l

4
ar. r. ow wh

�
i

�
ch

�
can5 b

�
e

di
�
r. ect

�
ed f

<
r. om>  l

4
ef

<
t

�
 t

�
o r. i

�
gh

�
t

�
, or.  t

�
h

�
e r. ev? er. se:

> n <-  15
> n�
[ 1]  15
> 5 - > n
> n�
[ 1]  5

T
=

h
�
e v? al

4
u7 e wh

�
i

�
ch

�
 i

�
s so gi

�
v? en5  can5  b

�
e t

�
h

�
e r. esu7 l

4
t

�
 of

<
 an5  ar. i

�
t

�
h

�
m> et

�
i

�
c exO p/ r. essi

�
on5 :

> n <-  10+2
> n�
[ 1]  12

N
W

ot
�
e t

�
h

�
at

�
y6 ou7 can5 si

�
m> p/ l

4
y6 t

�
y6 p/ ean5 exO p/ r. essi

�
on5 wi

�
t

�
h

�
ou7 t

�
assi

�
gn5 i

�
n5 g i

�
t

�
s v? al

4
u7 e t

�
o an5 ob

�
j

V
ect

�
, t

�
h

�
e r. esu7 l

4
t

�
is t

�
hu7 s disp/ lay6 ed on t

�
he screen b

�
u7 t

�
 not

�
 st

�
ored in memory6 :

> ( 10+2) * 5
[ 1]  60

2.z 2 Lis� t
~
in� g�  a} n� d

�
 d

�
e� l

�
et

~
i
�
n� g�  t

~
h

{
e ob

�
j

�
e� ct

~
s�  i

�
n�  m� em� o� ry�

The fu7 nct
�
ion l s( ) list

�
s simp/ ly6 t

�
he ob

�
j

V
ect

�
s in memory6 : only6 t

�
he names of t

�
he ob

�
j

V
ect

�
s are

disp/ lay6 ed.

> n� am� e <-  " LauA r e" ;  n� 1 <-  10;  n� 2 <-  100;  m�  <-  0. 5
> l s( )
[ 1]  " m� "     " n� 1"    " n� 2"    " n� am� e"

N
W

ot
�
e t

�
heu7 se of t

�
he semi-colon "; " t

�
o sep/ arat

�
edist

�
inct

�
commands on t

�
he same line. If t

�
here are



6
�

a lot
�

of ob
�
j

V
ect

�
s in memory6 , it

�
may6 b

�
e u7 sefu7 l t

�
o list

�
t

�
hose which cont

�
ain giv? en charact

�
er in t

�
heir

n5 am> e: t
�
h

�
i

�
s can5  b

�
e don5 e wi

�
t

�
h

�
 t

�
h

�
e op/ t

�
i

�
on5  p� at

�
t

�
er n�  (wh

�
i

�
ch

�
 can5  b

�
e ab

�
b

�
r. ev? i

�
at

�
ed wi

�
t

�
h

�
 p� at

� ) :

> l s( p� at
�

=" m" )
[ 1]  " m� "     " n� am� e"

If we want
�
 t

�
o rest

�
rict

�
 t

�
he list

�
 of ob

�
j

V
ect

�
s whose names st

�
rat

�
 wit

�
h t

�
his charact

�
er:

> l s( p� at
�

=" ^m� " )
[ 1]  " m"

T
=

o di
�
sp/ l

4
ay6  t

�
h

�
e det

�
ai

�
l

4
s on5  t

�
h

�
e ob

�
j

V
ect

�
s i

�
n5  m> em> or. y6 , we can5  u7 se t

�
h

�
e f

<
u7 n5 ct

�
i

�
on5  l s . st

�
r ( ) :

> l s. st
�

r ( )
m� :   n� u� m�  0. 5
n1:   nu� m 10
n2:   nu� m 100
n� am� e:   ch

�
r  " n� am� e"

T
=

h
�
e op/ t

�
i

�
on5 p� at

�
t

�
er n� can5 al

4
so b

�
e u7 sed as descr. i

�
b

�
ed ab

�
ov? e. A

P
n5 ot

�
h

�
er. u7 sef

<
u7 l

4
op/ t

�
i

�
on5 of

<
l s . st

�
r ( )

i
�
s m� ax� . l ev� el wh

�
i

�
ch

�
sp/ eci

�
f

<
i

�
es t

�
h

�
e l

4
ev? el

4
of

<
det

�
ai

�
l

4
s t

�
o b

�
e di

�
sp/ l

4
ay6 ed f

<
or. com> p/ osi

�
t

�
e ob

�
j

V
ect

�
s. B

Q
y6

def
<
au7 l

4
t

�
, l s . st

�
r ( ) di

�
sp/ l

4
ay6 s t

�
h

�
e det

�
ai

�
l

4
s of

<
al

4
l

4
ob

�
j

V
ect

�
s i

�
n5 m> em> or. y6 , i

�
n5 cl

4
u7 di

�
n5 g t

�
h

�
e col

4
u7 m> n5 s of

<
dat

�
a

f
<
r. am> es, m> at

�
r. i

�
ces an5 d l

4
i

�
st

�
s, wh

�
i

�
ch

�
can5 r. esu7 l

4
t

�
i

�
n5 av? er. y6 l

4
on5 g di

�
sp/ l

4
ay6 . On5 e can5 av? oi

�
d t

�
o di

�
sp/ l

4
ay6 al

4
l

4
t

�
hese det

�
ails wit

�
h t

�
he op/ t

�
ion max. l evel =- 1:

> M
�

 <-  dat
�

a. f r am� e( n� 1, n� 2, m� )
> l s . st

�
r ( p� at

�
=" M" )

M:  ‘ dat
�

a. f r ame’ :        1 ob
�

s.  of   3 var i ab
�

l es:
 $ n� 1:  n� uA m�  10
 $ n2:  nuA m 100
 $ m� :  n� uA m�  0. 5
> l s. st

�
r ( p� at

�
=" M" ,  max. l evel =- 1)

M:  ‘ dat
�

a. f r ame’ :        1 ob
�

s.  of   3 var i ab
�

l es:

To delet
�
e ob

�
j

V
ect

�
s in memory6 , we u7 se t

�
he fu7 nct

�
ion r m( ) : r m( x) delet

�
es t

�
he ob

�
j

V
ect

�
x, r m( x, y� )

b
�
ot

�
h ob

�
j

V
ect

�
s x et

�
y6 , r m( l i s t

�
=l s( ) ) delet

�
es ob

�
j

V
ect

�
s in memory6 ; t

�
he same op/ t

�
ions ment

�
ioned

f
<
or. t

�
h

�
e f

<
u7 n5 ct

�
i

�
on5 l s( ) can5 t

�
h

�
en5 b

�
e u7 sed t

�
o del

4
et

�
e sel

4
ect

�
i

�
v? el

4
y6 som> e ob

�
j

V
ect

�
s:

r m� ( l i s t
�

=l s( p� at
�

=" m� " ) ) .

2
�

.z 3�   T
�

h
{

e on� -l
�
i
�
n� e h

{
elp|

T
=

h
�
e on5 -l

4
i

�
n5 e h

�
el

4
p/ of

<
R gi

�
v? es som> e v? er. y6 u7 sef

<
u7 l

4
i

�
n5 f

<
or. m> at

�
i

�
on5 s on5 h

�
ow t

�
o u7 se t

�
h

�
e f

<
u7 n5 ct

�
i

�
on5 s. T

=
h

�
e

h
�
el

4
p/  i

�
n5  h

�
t

�
m> l

4
 f

<
or. m> at

�
 i

�
s cal

4
l

4
ed b

�
y6  t

�
y6 p/ i

�
n5 g:

> hel p� . s t
�

ar t
�

( )

A
P

sear. ch
�

wi
�
t

�
h

�
k

v
ey6 -wor. ds i

�
s p/ ossi

�
b

�
l

4
e wi

�
t

�
h

�
t

�
h

�
i

�
s h

�
t

�
m> l

4
h

�
el

4
p/ . A

P
sear. ch

�
of

<
f

<
u7 n5 ct

�
i

�
on5 s can5 b

�
e don5 e

wit
�
h ap� r op� os( " what

�
" )  which list

�
s t

�
he fu7 nct

�
ions wit

�
h "what

�
" in t

�
heir name:

> ap� r op� os( " anova" )
 [ 1]  " an� ov� a"            " an� ov� a. gl m� "        " an� ov� a. gl m� . n� uA l l "   " an� ov� a. gl m� l i s t

�
"

 [ 5]  " anova. l m"         " anova. l m. nuA l l "    " anova. ml m"        " anoval i s t
�

. l m"
 [ 9]  " p� r i n� t

�
. an� ov� a"      " p� r i n� t

�
. an� ov� a. gl m� "  " p� r i n� t

�
. an� ov� a. l m� "   " st

�
at

�
. an� ov� a"  

The help/  is av? ailab
�
le in t

�
ext

�
 format

�
 for a giv? en fu7 nct

�
ion, for inst

�
ance:
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> ?l m

disp/ lay6 s t
�
he help/ file for t

�
he fu7 nct

�
ion l m( ) . The fu7 nct

�
ion hel p� ( l m) or hel p� ( " l m" ) has t

�
he

same effect
�
. This last

�
fu7 nct

�
ion mu7 st

�
b

�
e u7 sed t

�
o access t

�
he help/ wit

�
h non-conv? ent

�
ional

ch
�
ar. act

�
er. s:

> ?*
Er r or :  sy� nt

�
ax er r or

> h
 

el p� ( " * " )
Ar i t

�
hmet

�
i c                p� ackage: b

�
ase               R DocuA ment

�
at

�
i on

Ar i t
�

hmet
�

i c  O
¡

p� er at
�

or s
. . .
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3
¢

 DataF  w£ ith R

3
�

.z 1 Th
{

e�  ‘o� b
�

j
�
e� ct

~
s� ’

R wor. k
v
s wi

�
t

�
h

�
ob

�
j

V
ect

�
s wh

�
i

�
ch

�
al

4
l

4
h

�
av? e t

�
wo i

�
n5 t

�
r. i

�
n5 si

�
c at

�
t

�
r. i

�
b

�
u7 t

�
es: m� ode an5 d l en� gt

�
h

  . T
=

h
�
e m> ode i

�
s

t
�
h

�
e k

v
i

�
n5 d of

<
el

4
em> en5 t

�
s of

<
an5 ob

�
j

V
ect

�
; t

�
h

�
er. e ar. e f

<
ou7 r. m> odes: n� uA m� er i c , ch

 
ar act

�
er , com� p� l ex� , an5 d

l ogi cal . T
=

h
�
er. e ar. e m> odes b

�
u7 t

�
t

�
h

�
ese do n5 ot

�
ch

�
ar. act

�
er. i

�
ze dat

�
a, f

<
or. i

�
n5 st

�
an5 ce: f uA n� ct

�
i on� ,

ex� p� r essi on� , or. f or m� uA l a. T
=

h
�
e l en� gt

�
h

  i
�
s t

�
h

�
e t

�
ot

�
al

4
n5 u7 m> b

�
er. of

<
el

4
em> en5 t

�
s of

<
t

�
h

�
e ob

�
j

V
ect

�
. T

=
h

�
e

following t
�
ab

�
le su7 mmarizes t

�
he different

�
s ob

�
j

V
ect

�
s manip/ u7 lat

�
ed b

�
y6  R.

ob
¤
je¥ ct¦ p^ o§ sa sa i

¨
b
©

l
ª
e[  m« o§ d

¬
e[ sa sa e[ v e[ r® a_ l

ª
 m« o§ d

¬
e[ sa  p^ o§ sa sa i

¨
b
©

l
ª
e[  i

¨
n¯

t
Z
he[  sa a_ me[  o§ b

©
j

°
e[ cY t

Z
 ?

±
vect or nu( me� ric� ,j  c� ha� ra� c� t

�
e� r,j  c� o� mp le� x,j  o� r lo� g� ic� a� l N

g
o�

f act or nu( me� ric� ,j  o� r c� ha� ra� c� t
�
e� r N

g
o�

ar r ay nu( me� ric� ,j  c� ha� ra� c� t
�
e� r,j  c� o� mp le� x,j  o� r lo� g� ic� a� l N

g
o�

mat r i x nu( me� ric� ,j  c� ha� ra� c� t
�
e� r,j  c� o� mp le� x,j  o� r lo� g� ic� a� l N

g
o�

dat a. f r ame nu( me� ric� ,j  c� ha� ra� c� t
�
e� r,j  c� o� mp le� x,j  o� r lo� g� ic� a� l Ye� s�

t s nu( me� ric� ,j  c� ha� ra� c� t
�
e� r,j  c� o� mp le� x,j  o� r lo� g� ic� a� l Ye� s�

l i s t n� u( m! e� r� i� c� ,j  c� h


a� r� a� c� t

�
e� r� ,j  c� o� m! p l

"
e� x, ,j  l" o� g� i

�
c� a� l

"
,j  f u( n� c� t

�
i
�
o� n� ,j  e� x, p r� e� s� s� i

�
o� n� ,j  o� r�

fo� rmu( la�
Y

²
e� s�

A
P

v? ect
�
or. i

�
s a v? ar. i

�
ab

�
l

4
e i

�
n5 t

�
h

�
e com> m> on5 l

4
y6 adm> i

�
t

�
t

�
ed m> ean5 i

�
n5 g. A

P
f

<
act

�
or. i

�
s a cat

�
egor. i

�
cal

4
v? ar. i

�
ab

�
l

4
e.

A
P

n5 ar r ay� i
�
s a t

�
ab

�
l

4
e wi

�
t

�
h

�
k

³
di

�
m> en5 si

�
on5 s, a m> at

�
r. i

�
xO b

�
ei

�
n5 g a p/ ar. t

�
i

�
cu7 l

4
ar. case of

<
ar r ay� wi

�
t

�
h

�
k

³
= 2.

N
W

ot
�
e t

�
hat

�
t

�
he element

�
s of an ar r ay� or of a mat

�
rix areall of t

�
he same mode. A dat

�
a. f r ame is a

t
�
ab

�
le comp/ osed wit

�
h sev? eral v? ect

�
ors all of t

�
he same lengt

�
h b

�
u7 t

�
p/ ossib

�
ly6 of different

�
modes. A

t
�

s t
�
ime-series dat

�
a set

�
and so cont

�
ains su7 p/ p/ lement

�
ary6 at

�
t

�
rib

�
u7 t

�
es su7 ch as t

�
he frequ7 ency6 and t

�
he

dat
�
es.

A
P

m> on5 g t
�
h

�
e n5 on5 -i

�
n5 t

�
r. i

�
n5 si

�
c at

�
t

�
r. i

�
b

�
u7 t

�
es of

<
an5 ob

�
j

V
ect

�
, on5 e i

�
s t

�
o b

�
e k

v
ep/ t

�
i

�
n5 m> i

�
n5 d: i

�
t

�
i

�
s di m� wh

�
i

�
ch

�
corresp/ onds t

�
o t

�
he dimensions of a mu7 lt

�
iv? ariat

�
e ob

�
j

V
ect

�
. For examp/ le, a mat

�
rix wit

�
h 2 lines and

2 colu7 mns has for di m t
�
he p/ air of v? alu7 es [2,2], b

�
u7 t

�
 it

�
s l engt

�
h is 4.

I
@
t

�
i

�
s u7 sef

<
u7 l

4
t

�
o k

v
n5 ow t

�
h

�
at

�
R di

�
scr. i

�
m> i

�
n5 at

�
es, f

<
or. t

�
h

�
e n5 am> es of

<
t

�
h

�
e ob

�
j

V
ect

�
s, t

�
h

�
e u7 p/ p/ er. -case

ch
�
ar. act

�
er. s f

<
r. om> t

�
h

�
e l

4
ower. -case on5 es (i

�
.e., i

�
t

�
i

�
s case-sen5 si

�
t

�
i

�
v? e), so t

�
h

�
at

�
x� an5 d X

´ can5 b
�
e u7 sed t

�
o

n5 am> e di
�
st

�
i

�
n5 ct

�
 ob

�
j

V
ect

�
s  (ev? en5  u7 n5 der.  W

�
i

�
n5 dows):

> x <-  1;  X <-  10
> l s( )
[ 1]  " X"  " x"
> X
[ 1]  10
> x
[ 1]  1

3
�

.z 2�  L
µ

i
�
r¶ e d

�
es�  d

�
o� n� n� ée� s�  à

·
 p| a} r¶ t

~
i
�
r¶  d

�
’u¸ n�  f

¹
i
�
ch

{
ie� r¶

R can5 r. ead dat
�
a st

�
or. ed i

�
n5 t

�
exO t

�
(A

P
SCI

@
I

@
) f

<
i

�
l

4
es; t

�
h

�
r. ee f

<
u7 n5 ct

�
i

�
on5 s can5 b

�
e u7 sed: r ead. t

�
ab

�
l e( )

(wh
�
i

�
ch

�
h

�
as t

�
wo v? ar. i

�
an5 t

�
s: r ead. csv� ( ) an5 d r ead. csv� 2( ) ), scan� ( ) an5 d r ead. f wº f ( ) . F

X
or.

exO am> p/ l
4
e, i

�
f

<
 we h

�
av? e a f

<
i

�
l

4
e dat

�
a.dat

�
, on5 e can5  j

V
u7 st

�
 t

�
y6 p/ e:

> my� dat
�

a <-  r ead. t
�

ab
�

l e( " dat
�

a. dat
�

" )



9
2

my� dat
�

a will t
�
hen b

�
e a dat

�
a. f r ame, and each v? ariab

�
le will b

�
e named, b

�
y6 defau7 lt

�
, V

»
1, V

»
2, ...

an5 d cou7 l
4
d b

�
e accessed i

�
n5 di

�
v? i

�
du7 al

4
l

4
y6 b

�
y6 m� y� dat

�
a$V

¼
1, m� y� dat

�
a$V

¼
2, ..., or. b

�
y6 m� y� dat

�
a[ " V

¼
1" ] ,

m� y� dat
�

a[ " V
¼

2" ] , ..., or. , st
�
i

�
l

4
l

4
an5 ot

�
h

�
er. sol

4
u7 t

�
i

�
on5 , b

�
y6 m� y� dat

�
a[ , 1] , m� y� dat

�
a[ , 2] , et

�
c2. T

=
h

�
er. e ar. e

sev? eral op/ t
�
ions av? ailab

�
le for t

�
he fu7 nct

�
ion r ead. t

�
ab

�
l e( ) which v? alu7 es b

�
y6 defau7 lt

�
(i.e. t

�
hose

u7 sed b
�
y6  R if omit

�
t

�
ed b

�
y6  t

�
he u7 ser) and ot

�
her det

�
ails are giv? en in t

�
he following t

�
ab

�
le:

> r ead. t
�

ab
�

l e( f i l e,  h
 

eader =F
½

A
¾

LSE
¿

,  sep� =" " ,  quA ot
�

e=" \ " ’ " ,  dec=" . " ,  r owº . n� am� es=,
col . n� am� es=,  as. i s=F

½
A

¾
LSE

¿
,  n� a. st

�
r i n� gs=" N

À
A

¾
" ,  sk i p� =0,  ch

 
eck. n� am� es=TR

Á
U

Â
E

¿
,

s t
�

r i p� . whi t
�

e=FALSE)

f i l e t
�
he� na� me� o� f t

�
he� file� (

h
w0 it

�
hin "")

m
,j p o� s� s� ib

�
ly� w0 it

�
h it

�
s� p a� t

�
h (

h
t
�
he� s� y� mb

�
o� l \

Ã
is� no� t

�
a� llo� w0 e� d

�
a� nd

�
mu( s� t

�
b
�
e�  r� e� p l

"
a� c� e� d

�
 b

�
y�  /

f
,j  e� v$ e� n�  u( n� d

�
e� r�  W8 i

�
n� d

�
o� w0 s� )

m
header a� l

"
o� g� i

�
c� a� l

"
(

h
F

Ä
A

*
L

3
S

#
E

Å
o� r� T

	
R
�

U
p

E
Å

)
m

i
�
n� d

�
i

�
c� a� t

�
i

�
n� g� i

�
f

 
t

�
h


e� f

 
i

�
l

"
e� c� o� n� t

�
a� i

�
n� s� t

�
h


e� n� a� m! e� s� o� f

 
t
�
h



e� v$ a� r� i� a� b

�
l

"
e� s� o� n� i

�
t
�
s�

f
 
i

�
r� s� t

�
 l

"
i

�
n� e�

sep t
�
h



e�  f

 
i

�
e� l

"
d

�
 s� e� p a� r� a� t

�
o� r�  u( s� e� d

�
 i

�
n�  t

�
h



e�  f

 
i

�
l
"
e� ,j  f o� r�  i� n� s� t

�
a� n� c� e�  sep=" \ t "  i

�
f
 
 i

�
t

�
 i

�
s�  a�  t

�
a� b

�
u( l

"
a� t

�
i
�
o� n�

quot e t
�
he�  c� ha� ra� c� t

�
e� rs�  u( s� e� d

�
 t

�
o�  c� it

�
e�  t

�
he�  v$ a� ria� b

�
le� s�  o� f mo� d

�
e�  c� ha� ra� c� t

�
e� r

dec t
�
he�  c� ha� ra� c� t

�
e� r u( s� e� d

�
 fo� r t

�
he�  d

�
e� c� ima� l p o� int

�
r ow. names a�  v$ e� c� t

�
o� r w0 it

�
h t

�
he�  na� me� s�  o� f t

�
he�  line� s�  w0 hic� h c� a� n b

�
e�  a�  v$ e� c� t

�
o� r o� f mo� d

�
e�  c� ha� ra� c� t

�
e� r,j  o� r t

�
he�  nu( mb

�
e� r

(
h
o� r�  t� h
 e�  n� a� m! e� )

m
 o� f

 
 a�  v$ a� r� i� a� b

�
l

"
e�  o� f

 
 t

�
h


e�  f

 
i

�
l
"
e�  (

h
b
�
y�  d

�
e� f

 
a� u( l

"
t
�
: 1,j  2� ,j  3� ,j  ...)m

col . names a�  v$ e� c� t
�
o� r w0 it

�
h t

�
he�  na� me� s�  o� f t

�
he�  v$ a� ria� b

�
le� s�  (

h
b
�
y�  d

�
e� fa� u( lt

�
: V

Æ
1,j  VÆ 2,j  VÆ 3

�
,j  ...)m

as. i s c� o� nt
�
ro� ls�  t

�
he�  c� o� nv$ e� rs� io� n o� f c� ha� ra� c� t

�
e� r v$ a� ria� b

�
le� s�  a� s�  fa� c� t

�
o� rs�  (

h
if FALS

#
E)

m
 o� r ke� e� p  t

�
he� m a� s�

c� h


a� r� a� c� t

�
e� r� s�  (

h
T
	

R
�

U
p

E
Å

)
m

na. st r i ngs t
�
he�  v$ a� lu( e�  g� iv$ e� n t

�
o�  mis� s� ing�  d

�
a� t

�
a�  (

h
c� o� nv$ e� rt

�
e� d

�
 a� s�  N

g
A)

m
ski p t

�
he�  nu( mb

�
e� r o� f line� s�  t

�
o�  b

�
e�  s� kip p e� d

�
 b

�
e� fo� re�  re� a� d

�
ing�  t

�
he�  d

�
a� t

�
a�

check. names if TRU
p

E,j  c� he� c� ks�  t
�
ha� t

�
 t

�
he�  v$ a� ria� b

�
le�  na� me� s�  a� re�  v$ a� lid

�
 fo� r R

st r i p. whi t e (
h
c� o� n� d

�
i

�
t
�
i
�
o� n� a� l

"
 t

�
o�  sep)

m
 i

�
f

 
 T

	
R

�
U

p
E

Å
,j  scan d

�
e� l

"
e� t

�
e� s�  e� x, t

�
r� a�  s� p a� c� e� s�  b

�
e� f

 
o� r� e�  a� n� d

�
 a� f

 
t

�
e� r�  t

�
h


e�  c� h



a� r� a� c� t

�
e� r�

v$ a� r� i� a� b
�
l
"
e� s�

Two v? ariant
�
s of r ead. t

�
ab

�
l e( )  are u7 sefu7 l b

�
ecau7 se t

�
hey6  hav? e different

�
 b

�
y6  defau7 lt

�
 op/ t

�
ions:

r ead. csv� ( f i l e,  h
 

eader  = TR
Á

U
Â

E
¿

,  sep�  = " , " ,  quA ot
�

e=" \ " " ,  dec=" . " ,  . . . )
r ead. csv� 2( f i l e,  h

 
eader  = TR

Á
U

Â
E

¿
,  sep�  = " ; " ,  quA ot

�
e=" \ " " ,  dec=" , " ,  . . . )

T
=

h
�
e f

<
u7 n5 ct

�
i

�
on5 scan� ( ) i

�
s m> or. e f

<
l

4
exO i

�
b

�
l

4
e t

�
h

�
an5 r ead. t

�
ab

�
l e( ) an5 d h

�
as m> or. e op/ t

�
i

�
on5 s. T

=
h

�
e m> ai

�
n5

di
�
f

<
f

<
er. en5 ce i

�
s t

�
h

�
at

�
 i

�
t

�
 i

�
s p/ ossi

�
b

�
l

4
e t

�
o sp/ eci

�
f

<
y6  t

�
h

�
e m> ode of

<
 t

�
h

�
e v? ar. i

�
ab

�
l

4
es, f

<
or.  exO am> p/ l

4
e :

> my� dat
�

a <-  scan( " dat
�

a. dat
�

" ,  what
�

=l i st
�

( " " , 0, 0) )

r. eads i
�
n5 t

�
h

�
e f

<
i

�
l

4
e dat

�
a.dat

�
t

�
h

�
r. ee v? ar. i

�
ab

�
l

4
es, t

�
h

�
e f

<
i

�
r. st

�
i

�
s of

<
m> ode ch

�
ar. act

�
er. an5 d t

�
h

�
e n5 exO t

�
t

�
wo ar. e of

<
mode nu7 meric. The op/ t

�
ions are as follows.

> scan( f i l e=" " ,  what
�

=douA b
�

l e( 0) ,  nmax=- 1,  n=- 1,  sep� =" " ,  quA ot
�

e=i f  ( sep� ==" \ n" )
" "  el se " ’ \ " " ,  dec=" . " ,  sk i p� =0,  n� l i n� es=0,  n� a. st

�
r i n� gs=" N

À
A

¾
" ,  f l uA sh

 
=F

½
A

¾
LSE

¿
,

s t
�

r i p� . whi t
�

e=FALSE,  quA i et
�

=FALSE)

f i l e t
�
he� na� me� o� f t

�
he� file� (

h
w0 it

�
hin "")

m
,j p o� s� s� ib

�
ly� w0 it

�
h it

�
s� p a� t

�
h (

h
t

�
he� s� y� mb

�
o� l \

Ã
is� no� t

�
a� llo� w0 e� d

�
a� nd

�
mu( s� t

�
b
�
e�

r� e� p l
"
a� c� e� d

�
b

�
y� /

f
,j e� v$ e� n� u( n� d

�
e� r� W

8
i
�
n� d

�
o� w0 s� )

m
; i

�
f

 
f i l e=" " ,j t

�
h



e� d

�
a� t

�
a� a� r� e� i

�
n� p u( t

�
w0 i

�
t
�
h



t
�
h



e� k

k
e� y� b

�
o� a� r� d� (

h
t

�
h


e�

e� n� t
�
r� y�  i

�
s�  t

�
e� r� m! i

�
n� a� t

�
e� d

�
 w0 i

�
t
�
h



 a�  b

�
l
"
a� n� k

k
 l

"
i

�
n� e� )

m
what s� p e� c� ifie� s�  t

�
he�  mo� d

�
e� (

h
s� )

m
 o� f t

�
he�  d

�
a� t

�
a�

2
�

 N
g

e� v$ e� r� t� h
 e� l
"
e� s� s� ,j  t� h
 e� r� e�  i

�
s�  a�  d

�
i

�
f
 
f

 
e� r� e� n� c� e� :  mydat a$V1 a� n� d

�
 mydat a[ , 1]  a� r� e�  v$ e� c� t

�
o� r� s�  w0 h



e� r� e� a� s�  mydat a[ " V1" ]  i

�
s�  a�

d
�
a� t

�
a� .f

 
r� a� m! e� .



10
%

nmax t
�
he�  nu( mb

�
e� r o� f d

�
a� t

�
a�  t

�
o�  re� a� d

�
,j  o� r,j  if what  is�  a�  lis� t

�
,j  t� he�  nu( mb

�
e� r o� f line� s�  t

�
o�  re� a� d

�
 (

h
b
�
y�  d

�
e� fa� u( lt

�
,j  scan

re� a� d
�
s�  t

�
he�  d

�
a� t

�
a�  u( p  t

�
o�  t

�
he�  e� nd

�
 o� f file� )

m
n t

�
he�  nu( mb

�
e� r o� f d

�
a� t

�
a�  t

�
o�  re� a� d

�
 (

h
b
�
y�  d

�
e� fa� u( lt

�
,j  no�  limit

�
)
m

sep t
�
h


e�  f

 
i
�
e� l

"
d
�
 s� e� p a� r� a� t

�
o� r�  u( s� e� d

�
 i

�
n�  t

�
h


e�  f

 
i
�
l

"
e�

quot e t
�
h


e�  c� h



a� r� a� c� t

�
e� r� s�  u( s� e� d

�
 t

�
o�  c� i

�
t
�
e�  t

�
h


e�  v$ a� r� i� a� b

�
l
"
e� s�  o� f

 
 m! o� d

�
e�  c� h



a� r� a� c� t

�
e� r�

dec t
�
h


e�  c� h



a� r� a� c� t

�
e� r�  u( s� e� d

�
 f

 
o� r�  t� h
 e�  d

�
e� c� i

�
m! a� l

"
 p o� i

�
n� t

�
ski p t

�
h


e�  n� u( m! b

�
e� r�  o� f

 
 l

"
i
�
n� e� s�  t

�
o�  b

�
e�  s� k

k
i

�
p p e� d

�
 b

�
e� f

 
o� r� e�  r� e� a� d

�
i

�
n� g�  t

�
h


e�  d

�
a� t

�
a�

nl i nes t
�
h


e�  n� u( m! b

�
e� r�  o� f

 
 l

"
i
�
n� e� s�  t

�
o�  r� e� a� d

�
na. st r i ng t

�
h


e�  v$ a� l

"
u( e�  g� i

�
v$ e� n�  t

�
o�  m! i

�
s� s� i

�
n� g�  d

�
a� t

�
a�  (

h
c� o� n� v$ e� r� t� e� d

�
 a� s�  N

g
A
*

)
m

f l ush a�  l
"
o� g� i

�
c� a� l

"
,j  i� f  T	 R

�
U
p

E
Å

,j  scan g� o� e� s�  t
�
o�  t

�
h


e�  n� e� x, t

�
 l

"
i
�
n� e�  o� n� c� e�  t

�
h



e�  n� u( m! b

�
e� r�  o� f

 
 c� o� l

"
u( m! n� s�  h



a� s�  b

�
e� e� n�  r� e� a� c� h



e� d

�
(
h
a� l

"
l
"
o� w0 s�  t

�
h



e�  u( s� e� r�  t� o�  a� d

�
d
�
 c� o� m! m! e� n� t

�
s�  i

�
n�  t

�
h


e�  d

�
a� t

�
a�  f

 
i
�
l
"
e� )

m
st r i p. whi t e (

h
c� o� n� d

�
i
�
t
�
i

�
o� n� a� l

"
 t

�
o�  sep)

m
 i

�
f
 
 T

	
R
�

U
p

E
Å

,j  scan d
�
e� l

"
e� t

�
e� s�  e� x, t

�
r� a�  s� p a� c� e� s�  b

�
e� f

 
o� r� e�  a� n� d

�
 a� f

 
t
�
e� r�  t� h
 e�  c� h



a� r� a� c� t

�
e� r�

v$ a� r� i� a� b
�
l

"
e� s�

qui et a�  lo� g� ic� a� l,j  if FALS
#

E,j  scan d
�
is� p la� y� s�  a�  line�  s� ho� w0 ing�  w0 hic� h fie� ld

�
s�  ha� v$ e�  b

�
e� e� n re� a� d

�

T
=

h
�
e f

<
u7 n5 ct

�
i

�
on5  r ead. f wº f ( )  can5  b

�
e u7 sed t

�
o r. ead i

�
n5  a f

<
i

�
l

4
e som> e dat

�
a i

�
n5  f

<
i

�
xO ed wi

�
dt

�
h

�
 f

<
or. m> at

�
:

> r ead. f wf ( f i l e,  wi dt
�

hs,  sep� =" \ t
�

" ,  as. i s=FALSE,  ski p� =0,  r ow. names,
col . n� am� es)

The op/ t
�
ions are t

�
he same t

�
han for r ead. t

�
ab

�
l e( ) excep/ t

�
wi dt

�
hs which sp/ ecifies t

�
he widt

�
h of

t
�
he fields. For examp/ le, if t

�
he file dat

�
a.t

�
xt

�
 has t

�
he following dat

�
a:

A
¾

1. 501. 2
A1. 551. 3
B

Ç
1. 601. 4

B1. 651. 5
C1. 701. 6
C1. 751. 7

on5 e can5  r. ead t
�
h

�
em>  wi

�
t

�
h

�
:

> m� y� dat
�

a <-  r ead. f wº f ( " dat
�

a. t
�

x� t
�

" ,  wº i dt
�

h
 

s=c( 1, 4, 3) )
> my� dat

�
a

  V
¼

1   V
¼

2  V
¼

3
1  A 1. 50 1. 2
2  A

¾
 1. 55 1. 3

3  B
Ç

 1. 60 1. 4
4  B 1. 65 1. 5
5  C 1. 70 1. 6
6  C 1. 75 1. 7

3
�

.z 3�  S
È

a} vÉ i
�
n� g�  d

�
a} t

~
a}

T
=

h
�
e f

<
u7 n5 ct

�
i

�
on5 wº r i t

�
e( x� , f i l e=" dat

�
a. t

�
x� t

�
" ) wr. i

�
t

�
es an5 ob

�
j

V
ect

�
x� (a v? ect

�
or. , a m> at

�
r. i

�
xO , or. an5

ar. r. ay6 ) i
�
n5 t

�
h

�
e f

<
i

�
l

4
e dat

�
a.t

�
xO t

�
. T

=
h

�
er. e ar. e t

�
wo op/ t

�
i

�
on5 s: n� c (or. n� col ) wh

�
i

�
ch

�
def

<
i

�
n5 es t

�
h

�
e n5 u7 m> b

�
er. of

<
colu7 mns in t

�
he file (b

�
y6 defau7 lt

�
nc=1 if x is of mode charact

�
er, nc=5 for t

�
he ot

�
her modes), and

ap� p� end (a logical) t
�
o add t

�
he dat

�
a wit

�
hou7 t

�
erasing t

�
hose p/ ossib

�
ly6 already6 p/ resent

�
in t

�
he file

(T
=

R
y

U
S

E
C

), or.  er. asi
�
n5 g t

�
h

�
ese (F

X
A

P
L

R
SE

C
, t

�
h

�
e def

<
au7 l

4
t

�
 v? al

4
u7 e).

T
=

h
�
e f

<
u7 n5 ct

�
i

�
on5  wº r i t

�
e. t

�
ab

�
l e( )  wr. i

�
t

�
es i

�
n5  a f

<
i

�
l

4
e a dat

�
a. f r am� e. T

=
h

�
e op/ t

�
i

�
on5 s ar. e:

> wr i t
�

e. t
�

ab
�

l e( x,  f i l e,  ap� p� end=FALSE,  quA ot
�

e=TRU
Â

E,  sep� ="  " ,  eol =" \ n" ,
n� a=" N

À
A

¾
" ,  dec=" . " ,  r owº . n� am� es=TR

Á
U

Â
E

¿
,  col . n� am� es=TR

Á
U

Â
E

¿
)
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sep t
�
he�  fie� ld

�
 s� e� p a� ra� t

�
o� r u( s� e� d

�
 in t

�
he�  file�

col . names a�  l ogi cal  ind
�
ic� a� t

�
ing�  w0 he� t

�
he� r t

�
he�  na� me� s�  o� f t

�
he�  c� o� lu( mns�  a� re�  w0 rit

�
t
�
e� n in t

�
he�  file�

r ow. names i
�
d

�
. f

 
o� r�  t� h
 e�  n� a� m! e� s�  o� f

 
 t

�
h


e�  l

"
i

�
n� e� s�

quot e a� l
"
o� g� i

�
c� a� l

"
o� r� a� n� u( m! e� r� i� c� v$ e� c� t

�
o� r� ; i

�
f

 
T

	
R

�
U

p
E

Å
,j t

�
h



e� v$ a� r� i� a� b

�
l

"
e� s� o� f

 
m! o� d

�
e� c� h



a� r� a� c� t

�
e� r� a� r� e� q) u( o� t

�
e� d

�
w0 i

�
t
�
h



" " ; i

�
f

 
a�

n� u( m! e� r� i� c�  v$ e� c� t
�
o� r� ,j  i� t� s�  e� l

"
e� m! e� n� t

�
s�  g� i

�
v$ e� s�  t

�
h


e�  i

�
n� d

�
i
�
c� e� s�  o� f

 
 t

�
h



e�  c� o� l

"
u( m! n� s�  t

�
o�  b

�
e�  q) u( o� t

�
e� d

�
 w0 i

�
t
�
h


 " " . I

e
n�  b

�
o� t

�
h


 c� a� s� e� s� ,j

t
�
h



e�  n� a� m! e� s�  o� f

 
 t

�
h


e�  l

"
i
�
n� e� s�  a� n� d

�
 o� f

 
 t

�
h


e�  c� o� l

"
u( m! n� s�  a� r� e�  a� l

"
s� o�  q) u( o� t

�
e� d

�
 w0 i

�
t
�
h



 " "  i

�
f

 
 t

�
h


e� y�  a� r� e�  w0 r� i� t� t� e� n� .

dec t
�
h



e�  c� h



a� r� a� c� t

�
e� r�  t� o�  b

�
e�  u( s� e� d

�
 f

 
o� r�  t� h
 e�  d

�
e� c� i

�
m! a� l

"
 p o� i

�
n� t

�
na t

�
h



e�  c� h



a� r� a� c� t

�
e� r�  t� o�  b

�
e�  u( s� e� d

�
 f

 
o� r�  m! i

�
s� s� i

�
n� g�  d

�
a� t

�
a�

eol t
�
h


e�  c� h



a� r� a� c� t

�
e� r�  t� o�  b

�
e�  u( s� e� d

�
  a� t

�
 t

�
h


e�  e� n� d

�
 o� f

 
 e� a� c� h



 l

"
i
�
n� e�  (

h
" \ n"  i

�
s�  a�  c� a� r� r� i� a� g� e� -r� e� t

�
u( r� n� )

m

T
=

o r. ecor. d a gr. ou7 p/ of
<

ob
�
j

V
ect

�
s i

�
n5 a b

�
i

�
n5 ar. y6 f

<
or. m> , we can5 u7 se t

�
h

�
e f

<
u7 n5 ct

�
i

�
on5 sav� e( x� , y� , z ,

f i l e=" My� st
�

uA f f . RDat
�

a" ) . To ease t
�
he t

�
ransfert

�
of dat

�
a b

�
et

�
ween different

�
machines, t

�
he

op/ t
�
ion asci i =TRU

Â
E can b

�
e u7 sed. The dat

�
a (which are now called i mage) can b

�
e loaded lat

�
er in

m> em> or. y6 wi
�
t

�
h

�
l oad( " M

�
y� st

�
uA f f . R

Á
D

Ê
at

�
a" ) . T

=
h

�
e f

<
u7 n5 ct

�
i

�
on5 sav� e. i m� age( ) i

�
s a sh

�
or. t

�
-cu7 t

�
f

<
or.

sav� e( l i s t
�

=l s( al l =TR
Á

U
Â

E
¿

) ,  f i l e=" . R
Á

D
Ê

at
�

a" ) .

3
�

.z 4Ë  G
Ì

en� er¶ a} t
~
in� g�  d

�
a} t

~
a}

3
Í

.Î 4Ï .Î 1Ð  R
Ñ

e[ g` u\ l
ª
a_ r®  sa e[ qÒ u\ e[ n¯ cY e[ sa

A regu7 lar sequ7 ence of int
�
egers, for examp/ le from 1 t

�
o 30, can b

�
e generat

�
ed wit

�
h:

> x�  <-  1: 30

The resu7 lt
�
ing v? ect

�
or x has 30 élément

�
s. The op/ erat

�
or ‘ :’ has p/ riorit

�
y6 on t

�
he arit

�
hmet

�
ic

op/ erat
�
ors wit

�
hin an exp/ ression:

> 1: 10- 1
 [ 1]  0 1 2 3 4 5 6 7 8 9
> 1: ( 10- 1)
[ 1]  1 2 3 4 5 6 7 8 9

T
=

h
�
e f

<
u7 n5 ct

�
i

�
on5  seq( )  can5  gen5 er. at

�
e sequ7 en5 ces oe r. eal

4
 n5 u7 m> b

�
er. s as f

<
ol

4
l

4
ows:

> seq( 1,  5,  0. 5)
[ 1]  1. 0 1. 5 2. 0 2. 5 3. 0 3. 5 4. 0 4. 5 5. 0

wh
�
er. e t

�
h

�
e f

<
i

�
r. st

�
n5 u7 m> b

�
er. i

�
n5 di

�
cat

�
es t

�
h

�
e st

�
ar. t

�
of

<
t

�
h

�
e sequ7 en5 ce, t

�
h

�
e secon5 d on5 e t

�
h

�
e en5 d, an5 d t

�
h

�
e

t
�
hird one t

�
he increment

�
 t

�
o b

�
e u7 sed t

�
o generat

�
e t

�
he sequ7 ence. One can u7 se also:

> seq( l engt
�

h=9,  f r om=1,  t
�

o=5)
[ 1]  1. 0 1. 5 2. 0 2. 5 3. 0 3. 5 4. 0 4. 5 5. 0

It
�
 is also p/ ossib

�
le t

�
o t

�
y6 p/ e direct

�
ly6  t

�
he v? alu7 es u7 sing t

�
he fu7 nct

�
ion c( )  :

> c( 1,  1. 5,  2,  2. 5,  3,  3. 5,  4,  4. 5,  5)
[ 1]  1. 0 1. 5 2. 0 2. 5 3. 0 3. 5 4. 0 4. 5 5. 0

wh
�
i

�
ch

�
gi

�
v? es exO act

�
l

4
y6 t

�
h

�
e sam> e r. esu7 l

4
t

�
, b

�
u7 t

�
i

�
s ob

�
v? i

�
ou7 sl

4
y6 l

4
on5 ger. . W

�
e sh

�
al

4
l

4
see l

4
at

�
e t

�
h

�
at

�
t

�
h

�
e

fu7 nct
�
ion c( ) is more u7 sefu7 l in ot

�
her sit

�
u7 at

�
ions. The fu7 nct

�
ion r ep� ( ) creat

�
es a v? ect

�
or wit

�
h

element
�
s all ident

�
ical:

> r ep� ( 1,  30)
 [ 1]  1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
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T
=

h
�
e f

<
u7 n5 ct

�
i

�
on5 sequA en� ce( ) cr. eat

�
es a ser. i

�
es of

<
sequ7 en5 ces of

<
i

�
n5 t

�
eger. s each

�
en5 di

�
n5 g b

�
y6 t

�
h

�
e

n5 u7 m> b
�
er. s gi

�
v? en5  as ar. gu7 m> en5 t

�
s:

> sequA ence( 4: 5)
[ 1]  1 2 3 4 1 2 3 4 5
> sequA ence( c( 10, 5) )
 [ 1]   1  2  3  4  5  6  7  8  9 10  1  2  3  4  5

The fu7 nct
�
ion gl ( ) is v? ery6 u7 sefu7 l b

�
ecau7 se it

�
generat

�
es regu7 lar series of fact

�
or v? ariab

�
les. The

u7 sage of t
�
his fonct

�
ion is gl ( k, n) where k is t

�
he nu7 mb

�
er of lev? els (or classes), and n is t

�
he

n5 u7 m> b
�
er. of

<
r. ep/ l

4
i

�
cat

�
i

�
on5 s i

�
n5 each

�
l

4
ev? el

4
. T

=
wo op/ t

�
i

�
on5 s m> ay6 b

�
e u7 sed: l en� gt

�
h

  t
�
o sp/ eci

�
f

<
y6 t

�
h

�
e n5 u7 m> b

�
er.

of
<
 dat

�
a p/ r. odu7 ced, an5 d l ab

�
el s  t

�
o sp/ eci

�
f

<
y6  t

�
h

�
e n5 am> es of

<
 t

�
h

�
e f

<
act

�
or. s. E

C
xO am> p/ l

4
es:

> gl ( 3, 5)
 [ 1]  1 1 1 1 1 2 2 2 2 2 3 3 3 3 3
Lev� el s:   1 2 3
> gl ( 3, 5, 30)
 [ 1]  1 1 1 1 1 2 2 2 2 2 3 3 3 3 3 1 1 1 1 1 2 2 2 2 2 3 3 3 3 3
Level s:   1 2 3
> gl ( 2, 8,  l ab

�
el =c( " Con� t

�
r ol " , " Tr eat

�
" ) )

 [ 1]  Cont
�

r ol  Cont
�

r ol  Cont
�

r ol  Cont
�

r ol  Cont
�

r ol  Cont
�

r ol  Cont
�

r ol  Cont
�

r ol  Tr eat
�

[ 10]  Tr eat
�

   Tr eat
�

   Tr eat
�

   Tr eat
�

   Tr eat
�

   Tr eat
�

   Tr eat
�

Lev� el s:   Con� t
�

r ol  Tr eat
�

> gl ( 2,  1,  20)
 [ 1]  1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2 1 2
Level s:   1 2
> gl ( 2,  2,  20)
 [ 1]  1 1 2 2 1 1 2 2 1 1 2 2 1 1 2 2 1 1 2 2
Level s:   1 2

Finally6 , exp� and. gr i d( ) creat
�
es a dat

�
a. f r ame wit

�
h all comb

�
inat

�
ions of v? ect

�
ors or fact

�
ors

giv? en as argu7 ment
�
s:

> ex� p� an� d. gr i d( h
 

=seq( 60, 80, 10) ,  wº =seq( 100, 300, 100) ,  sex� =c( " M
�

al e" , " F
½

em� al e" ) )
    h   w    sex
1  60 100   M

�
al e

2  70 100   M
�

al e
3  80 100   Mal e
4  60 200   M

�
al e

5  70 200   Mal e
6  80 200   M

�
al e

7  60 300   M
�

al e
8  70 300   Mal e
9  80 300   M

�
al e

10 60 100 Femal e
11 70 100 F

½
em� al e

12 80 100 Femal e
13 60 200 F

½
em� al e

14 70 200 Femal e
15 80 200 Femal e
16 60 300 F

½
em� al e

17 70 300 Femal e
18 80 300 F

½
em� al e

3
Í

.Î 3Í .Î 2 Ra_ nd
¬

o§ m sa e[ qÒ u\ e[ ncY e[ sa
I

@
t

�
i

�
s cl

4
assi

�
cal

4
i

�
n5 st

�
at

�
i

�
st

�
i

�
cs t

�
o gen5 er. at

�
e r. an5 dom> dat

�
a, an5 d R can5 do i

�
t

�
f

<
or. a l

4
ar. ge n5 u7 m> b

�
er. of

<
p/ r. ob

�
ab

�
i

�
l

4
i

�
t

�
y6  den5 si

�
t

�
y6  f

<
u7 n5 ct

�
i

�
on5 s. T

=
h

�
ese f

<
u7 n5 ct

�
i

�
on5 s ar. e b

�
u7 i

�
l

4
t

�
 on5  t

�
h

�
e f

<
ol

4
l

4
owi

�
n5 g f

<
or. m> :

> r func( n,  p� [ 1] ,  p� [ 2] ,  . . . )
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�

whre func indicat
�
es t

�
he law of p/ rob

�
ab

�
ilit

�
y6 , n t

�
he nu7 mb

�
er of dat

�
a t

�
o generat

�
e and p� [ 1] , p� [ 2] ,

... ar. e t
�
h

�
e v? al

4
u7 es f

<
or. t

�
h

�
e p/ ar. am> et

�
er. s of

<
t

�
h

�
e l

4
aw. T

=
h

�
e f

<
ol

4
l

4
owi

�
n5 g t

�
ab

�
l

4
e gi

�
v? es t

�
h

�
e det

�
ai

�
l

4
s f

<
or. each

�
l

4
aw, an5 d t

�
h

�
e p/ ossi

�
b

�
l

4
e def

<
au7 l

4
t

�
v? al

4
u7 es (i

�
f

<
n5 on5 e def

<
au7 l

4
t

�
v? al

4
u7 e i

�
s i

�
n5 di

�
cat

�
ed, t

�
h

�
i

�
s m> ean5 s t

�
h

�
at

�
t

�
h

�
e

p/ aramet
�
er mu7 st

�
 b

�
e sp/ ecified b

�
y6  t

�
he u7 ser).

l
ª
o§ i

¨
cY o§ m« m« a_ n¯ d

¬
e[

G
'

a� u( s� s� ia� n (
h
no� rma� l)

m
r nor m( n,  mean=0,  sd=1)

e� x, p o� n� e� n� t
�
i

�
a� l

"
r exp( n,  r at e=1)

g� a� mma� r gamma( n,  shape,  scal e=1)

Po� is� s� o� n r poi s( n,  l ambda)

W
8

e� i
�
b

�
u( l

"
l

"
r wei bul l ( n,  shape,  scal e=1)

C
o

a� u( c� h


y� r cauchy( n,  l ocat i on=0,  scal e=1)

b
�
e� t

�
a� r bet a( n,  shape1,  shape2)

‘S
#

t
�
u( d

�
e� n� t

�
’  (

h
tÓ )m r t ( n,  df )

F
Ä

i
�
s� h



e� r�  (

h
F
Ô

)
m

r f ( n,  df 1,  df 2)

P
n

e� a� r� s� o� n�  (
h
χÕ 2)

m r chi sq( n,  df )

b
�
i

�
n� o� m! i

�
a� l

"
r bi nom( n,  s i ze,  pr ob)

g� e� o� m! e� t
�
r� i� c� r geom( n,  pr ob)

h


y� p e� r� g� e� o� m! e� t

�
r� i� c� r hyper ( nn,  m,  n,  k)

l
"
o� g� i

�
s� t

�
i

�
c� r l ogi s( n,  l ocat i on=0,  scal e=1)

lo� g� no� rma� l r l nor m( n,  meanl og=0,  sdl og=1)

ne� g� a� t
�
iv$ e�  b

�
ino� mia� l r nbi nom( n,  s i ze,  pr ob)

u( nifo� rm r uni f ( n,  mi n=0,  max=1)

W
8

ilc� o� xo� n’s�  s� t
�
a� t

�
is� t

�
ic� s� r wi l cox( nn,  m,  n) ,j  r s i gnr ank( nn,  n)

N
W

ot
�
e al

4
l

4
t

�
h

�
ese f

<
u7 n5 ct

�
i

�
on5 s can5 b

�
eu7 sed b

�
y6 r. ep/ l

4
aci

�
n5 g t

�
h

�
e l

4
et

�
t

�
er. r wi

�
t

�
h

�
d, p� or. q t

�
o get

�
, r. esp/ ect

�
i

�
v? el

4
y6 ,

t
�
h

�
e p/ r. ob

�
ab

�
i

�
l

4
i

�
t

�
y6 den5 si

�
t

�
y6 (dfunc( x� ) ), t

�
h

�
e cu7 m> u7 l

4
at

�
i

�
v? e p/ r. ob

�
ab

�
i

�
l

4
i

�
t

�
y6 den5 si

�
t

�
y6 (p� func( x� ) ), an5 d t

�
h

�
e

v? al
4
u7 e of

<
 qu7 an5 t

�
i

�
l

4
e (qfunc( p� ) , wi

�
t

�
h

�
 0 < p�  < 1).

3
�

.z 4 M
Ö

a} n� i
�
p| u¸ l

�
a} t

~
i
�
n� g�  o� b

�
j

�
ect

~
s�

3
Í

.Î 4.Î 1 AcY cY e[ sa sa ing`  a_  p^ a_ rt
Z
icY u\ la_ r v a_ lu\ e[  o§ f a_ n o§ b

©
j

°
e[ cY t

Z
T

=
o access, f

<
or. exO am> p/ l

4
e, t

�
h

�
e t

�
h

�
i

�
r. d v? al

4
u7 e of

<
a v? ect

�
or. xO , we j

V
u7 st

�
t

�
y6 p/ e x� [ 3] . I

@
f

<
xO i

�
s a m> at

�
r. i

�
xO or. a

dat
�

a. f r am� e, t
�
h

�
e v? al

4
u7 e of

<
t

�
h

�
e i

�
t

�
h

�
l

4
i

�
n5 e an5 d j

V
t

�
h

�
col

4
u7 m> n5 i

�
s accessed wi

�
t

�
h

�
x� [ i , j ] . T

=
o ch

�
an5 ge al

4
l

4
v? alu7 es of t

�
he t

�
hird colu7 mn, we can t

�
y6 p/ e:

> x[ , 3]  <-  10. 2

T
=

h
�
i

�
s i

�
n5 dexO i

�
n5 g sy6 st

�
em> i

�
s easi

�
l

4
y6 gen5 er. al

4
i

�
sed t

�
o ar. r. ay6 s, wi

�
t

�
h

�
as m> an5 y6 i

�
n5 di

�
ces as t

�
h

�
e n5 u7 m> b

�
er. of

<
dimensions of t

�
he array6 (for examp/ le, a t

�
hree dimensional array6 : x[ i , j , k ] , x[ , , 3] , ...). It

�
is

u7 sefu7 l t
�
o keep/ in mind t

�
hat

�
indexing is made wit

�
h st

�
raight

�
b

�
racket

�
s [ ] , whereas p/ arent

�
heses

ar. e u7 sed f
<
or.  t

�
h

�
e ar. gu7 m> en5 t

�
s of

<
 a f

<
u7 n5 ct

�
i

�
on5 :

> x� ( 1)
Er r or :  couA l dn’ t

�
 f i nd f uA nct

�
i on " x"

I
@
n5 dexO i

�
n5 g can5 b

�
e u7 sed t

�
o su7 p/ p/ r. ess on5 e or. sev? er. al

4
l

4
i

�
n5 es or. col

4
u7 m> n5 s. F

X
or. exO am> p/ l

4
es, x� [ - 1, ] wi

�
l

4
l

4
su7 p/ p/ r. ess t

�
h

�
e f

<
i

�
r. st

�
 l

4
i

�
n5 e, or.  x� [ - c( 1, 15) , ]  wi

�
l

4
l

4
 do t

�
h

�
e sam> e f

<
or.  t

�
h

�
e 1st

�
 an5 d 15t

�
h

�
 l

4
i

�
n5 es.
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F
X

or. v? ect
�
or. s, m> at

�
r. i

�
ces an5 d ar. r. ay6 s, i

�
t

�
i

�
s p/ ossi

�
b

�
l

4
e t

�
o access t

�
h

�
e v? al

4
u7 es of

<
an5 el

4
em> en5 t

�
wi

�
t

�
h

�
a

com> p/ ar. ai
�
son5  exO p/ r. essi

�
on5  as i

�
n5 dexO :

> x <-  1: 10
> x� [ x�  >= 5]  <-  20
> x
 [ 1]   1  2  3  4 20 20 20 20 20 20
> x� [ x�  == 1]  <-  25
> x
 [ 1]  25  2  3  4 20 20 20 20 20 20

The six comp/ araison op/ erat
�
ors u7 sed b

�
y6 R are: < (lesser t

�
han), > (great

�
er t

�
han), <= (lesser t

�
han

or equ7 al t
�
o), >= (great

�
er t

�
han or equ7 al t

�
o), == (equ7 al t

�
o), et

�
! = (different

�
from). N

W
ot

�
e t

�
hat

�
t

�
hese

op/ er. at
�
or. s r. et

�
u7 r. n5  a v? ar. i

�
ab

�
l

4
e of

<
 m> ode l

4
ogi

�
cal

4
 (T

=
R

y
U

S
E

C
 or.  F

X
A

P
L

R
SE

C
).

3
Í

.Î 4.Î 2 Arit
Z
hme[ t

Z
icY sa  a_ nd

¬
 sa imp^ le[ sa  fu\ ncY t

Z
io§ nsa

There are nu7 merou7 s fu7 nct
�
ions in R t

�
o manip/ u7 lat

�
e dat

�
a. W

�
e hav? e already6 seen t

�
he simp/ lest

�
one,

c( )  wh
�
i

�
ch

�
 con5 cat

�
en5 at

�
es t

�
h

�
e ob

�
j

V
ect

�
s l

4
i

�
st

�
ed i

�
n5  p/ ar. en5 t

�
h

�
eses. F

X
or.  exO am> p/ l

4
e:

> c( 1: 5,  seq( 10,  11,  0. 2) )
 [ 1]   1. 0  2. 0  3. 0  4. 0  5. 0 10. 0 10. 2 10. 4 10. 6 10. 8 11. 0

V
»

ect
�
or. s can5  b

�
e m> an5 i

�
p/ u7 l

4
at

�
ed wi

�
t

�
h

�
 cl

4
assi

�
cal

4
 ar. i

�
t

�
h

�
m> et

�
i

�
c exO p/ r. essi

�
on5 s:

> x <-  c( 1, 2, 3, 4)
> y�  <-  c( 1, 1, 1, 1)
> z <-  x + y�
> z
 [ 1]   2. 0  3. 0  4. 0  5. 0

V
»

ect
�
or. s of

<
di

�
f

<
f

<
er. en5 t

�
l

4
en5 gt

�
h

�
s can5 b

�
e added; i

�
n5 t

�
h

�
i

�
s case, t

�
h

�
e sh

�
or. t

�
est

�
v? ect

�
or. i

�
s r. ecy6 cl

4
ed.

E
C

xO am> p/ l
4
es:

> x <-  c( 1, 2, 3, 4)
> y�  <-  c( 1, 2

�
)

> z <-  x+y�
> z
[ 1]  2 4 4 6

> x�  <-  c( 1, 2, 3)
> y�  <-  c( 1, 2)
> z <-  x� +y�
War ni ng message:  
l onger  ob

�
j ect

�
 l engt

�
h

 i s n� ot
�

 a m� uA l t
�

i p� l e of  sh
 

or t
�

er  ob
�

j ect
�

 l en� gt
�

h
 

 i n� :  x�  + y�
> z
[ 1]  2 4 4

N
W

ot
�
e t

�
hat

�
R has giv? en a warning message and not

�
an error message, t

�
hu7 s t

�
he op/ erat

�
ion has

b
�
een done. If we want

�
 t

�
o add (or mu7 lt

�
ip/ ly6 ) t

�
he same v? alu7 e t

�
o all t

�
he element

�
s of a v? ect

�
or:

> x�  <-  c( 1, 2, 3, 4)
> a <-  10
> z <-  a* x�
> z
[ 1]  10 20 30 40

T
=

h
�
e ar. i

�
t

�
h

�
m> et

�
i

�
c op/ er. at

�
or. s ar. e +, - , * , / , an5 d ^  f

<
or.  p/ ower. s.
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�

T
=

wo ot
�
h

�
er. u7 sef

<
u7 l

4
op/ er. at

�
or. s ar. e x� %% y� f

<
or. “xO m> odu7 l

4
o y6 ” , an5 d x� %/ % y� f

<
or. i

�
n5 t

�
eger. di

�
v? i

�
si

�
on5 s

(r. et
�
u7 r. n5 s t

�
h

�
e i

�
n5 t

�
eger.  p/ ar. t

�
 of

<
 t

�
h

�
e di

�
v? i

�
si

�
on5  of

<
 xO  b

�
y6  y6 ).

The fu7 nct
�
ions av? ailab

�
le in R are t

�
oo many6 t

�
o b

�
e list

�
ed here. One can find all b

�
asic

mat
�
hemat

�
ical fu7 nct

�
ions (l og, exp� , l og10, l og2, si n, cos , t

�
an, asi n, acos , at

�
an, ab

�
s , sqr t

� ,
...), sp/ eci

�
al

4
f

<
u7 n5 ct

�
i

�
on5 s (gam� m� a, di gam� m� a, b

�
et

�
a, b

�
essel I , ...), as wel

4
l

4
as di

�
v? er. se f

<
u7 n5 ct

�
i

�
on5 s u7 sef

<
u7 l

4
i

�
n5  st

�
at

�
i

�
st

�
i

�
cs. Som> e of

<
 t

�
h

�
ese f

<
u7 n5 ct

�
i

�
on5 s ar. e det

�
ai

�
l

4
ed i

�
n5  t

�
h

�
e f

<
ol

4
l

4
owi

�
n5 g t

�
ab

�
l

4
e.

sum( x) s� u( m!  o� f
 
 t

�
h


e�  e� l

"
e� m! e� n� t

�
s�  o� f

 
 x,

pr od( x) p ro� d
�
u( c� t

�
 o� f t

�
he�  e� le� me� nt

�
s�  o� f x

max( x) ma� ximu( m o� f t
�
he�  e� le� me� nt

�
s�  o� f x

mi n( x) minimu( m o� f t
�
he�  e� le� me� nt

�
s�  o� f x

whi ch. max( x) re� t
�
u( rns�  t

�
he�  ind

�
e� x o� f t

�
he�  g� re� a� t

�
e� s� t

�
 e� le� me� nt

�
 o� f x

whi ch. mi n( x) re� t
�
u( rns�  t

�
he�  ind

�
e� x o� f t

�
he�  s� ma� lle� s� t

�
 e� le� me� nt

�
 o� f x

r ange( x) ha� s�  t
�
he�  s� a� me�  re� s� u( lt

�
 t

�
ha� n c( mi n( x) , max( x) )

l engt h( x) nu( mb
�
e� r o� f e� le� me� nt

�
s�  in x

mean( x) m! e� a� n�  o� f
 
 t

�
h


e�  e� l

"
e� m! e� n� t

�
s�  o� f

 
 x,

medi an( x) m! e� d
�
i
�
a� n�  o� f

 
 t

�
h


e�  e� l

"
e� m! e� n� t

�
s�  o� f

 
 x,

var ( x)  o� u(  cov( x) v$ a� r� i� a� n� c� e�  o� f
 
 t

�
h



e�  e� l

"
e� m! e� n� t

�
s�  o� f

 
 x,  (

h
c� a� l

"
c� u( l

"
a� t

�
e� d

�
 o� n�  n×  – 1)

m
; i

�
f
 
 x,  i

�
s�  a�  m! a� t

�
r� i

�
x,  o� r�  a�  dat a. f r ame,j

t
�
h



e�  v$ a� r� i

�
a� n� c� e� -c� o� v$ a� r� i� a� n� c� e�  m! a� t

�
r� i� x,  i

�
s�  c� a� l

"
c� u( l

"
a� t

�
e� d

�
cor ( x) c� o� r� r� e� l

"
a� t

�
i

�
o� n�  m! a� t

�
r� i

�
x,  o� f

 
 x,  i

�
f
 
 i

�
t

�
 i

�
s�  a�  m! a� t

�
r� i

�
x,  o� r�  a�  dat a. f r ame (

h
1 i

�
f
 
 x,  i

�
s�  a�  v$ e� c� t

�
o� r� )

m
var ( x, y)  o� u(
cov( x, y)

c� o� v$ a� r� i� a� n� c� e�  b
�
e� t

�
w0 e� e� n�  x,  a� n� d

�
 y� ,j  o� r�  b� e� t

�
w0 e� e� n�  t

�
h


e�  c� o� l

"
u( m! n� s�  o� f

 
 x,  a� n� d

�
 t

�
h


e�  c� o� l

"
u( m! n� s�  o� f

 
 y�  i

�
f

 
 t

�
h



e� y�

a� r� e�  m! a� t
�
r� i� c� e� s�  o� r�  d� a� t

�
a� .f

 
r� a� m! e� s�

cor ( x, y) l
"
i
�
n� e� a� r�  c� o� r� r� e� l

"
a� t

�
i

�
o� n�  b

�
e� t

�
w0 e� e� n�  x,  a� n� d

�
 y� ,j  o� r�  c� o� r� r� e� l

"
a� t

�
i

�
o� n�  m! a� t

�
r� i� x,  i

�
f

 
 t

�
h



e� y�  a� r� e�  m! a� t

�
r� i

�
c� e� s�  o� r�

d
�
a� t

�
a� .f

 
r� a� m! e� s�

These fu7 nct
�
ions ret

�
u7 rn a single v? alu7 e (t

�
hu7 s a v? ect

�
or of lengt

�
h one), excep/ t

�
r ange( ) which

r. et
�
u7 r. n5 s a v? ect

�
or. of

<
l

4
en5 gt

�
h

�
t

�
wo, an5 d v� ar ( ) , cov� ( ) an5 d cor ( ) wh

�
i

�
ch

�
m> ay6 r. et

�
u7 r. n5 a m> at

�
r. i

�
xO . T

=
h

�
e

f
<
ol

4
l

4
owi

�
n5 g f

<
u7 n5 ct

�
i

�
on5 s r. et

�
u7 r. n5  m> or. e com> p/ l

4
exO  r. esu7 l

4
t

�
s.

r ound( x, n) r� o� u( n� d
�
s�  t

�
h


e�  e� l

"
e� m! e� n� t

�
s�  o� f

 
 x,  t

�
o�  n�  d

�
e� c� i

�
m! a� l

"
s�

r ev( x) r� e� v$ e� r� s� e� s�  t
�
h



e�  e� l

"
e� m! e� n� t

�
s�  o� f

 
 x,

sor t ( x) s� o� rt
�
s�  t

�
he�  e� le� me� nt

�
s�  o� f x in inc� re� a� s� ing�  o� rd

�
e� r; t

�
o�  s� o� rt

�
 in d

�
e� c� re� a� s� ing�  o� rd

�
e� r: r ev( sor t ( x) )

r ank( x) ra� nks�  o� f t
�
he�  e� le� me� nt

�
s�  o� f x

l og( x, base) c� o� mp u( t
�
e� s�  t

�
he�  lo� g� a� rit

�
hm o� f x w0 it

�
h b

�
a� s� e�  base

pmi n( x, y, . . . ) a�  v$ e� c� t
�
o� r w0 hic� h it

�
h e� le� me� nt

�
 is�  t

�
he�  minimu( m o� f x[ i ] ,j  y[ i ] ,j  ...

pmax( x, y, . . . ) i
�
d

�
. f

 
o� r�  t� h
 e�  m! a� x, i

�
m! u( m!

cumsum( x) a�  v$ e� c� t
�
o� r�  w0 h



i
�
c� h



 i

�
t
�
h


 e� l

"
e� m! e� n� t

�
 i

�
s�  t

�
h



e�  s� u( m!  f

 
r� o� m!  x[ 1]  t

�
o�  x[ i ]

cumpr od( x) id
�
. fo� r t

�
he�  p ro� d

�
u( c� t

�
cummi n( x) id

�
. fo� r t

�
he�  minimu( m

cummax( x) id
�
. fo� r t

�
he�  ma� ximu( m

mat ch( x, y) re� t
�
u( rns�  a�  v$ e� c� t

�
o� r o� f s� a� me�  le� ng� t

�
h t

�
ha� n x w0 it

�
h t

�
he�  e� le� me� nt

�
s�  o� f x w0 hic� h a� re�  in y�  (

h
e� ls� e�  N

g
A)

m
whi ch( x==a)

whi ch( x! =a)

. . .

re� t
�
u( rns�  a�  v$ e� c� t

�
o� r o� f t

�
he�  ind

�
ic� e� s�  o� f x if t

�
he�  c� o� mp a� ris� o� n o� p e� ra� t

�
io� n is�  t

�
ru( e�  (

h
TRU

p
E)

m
,j  i.e� . t

�
he�

v$ a� lu( e� s�  o� f i fo� r w0 hic� h x[ i ] ==a (
h
o� r x! =a; t

�
he�  a� rg� u( me� nt

�
 o� f t

�
his�  fu( nc� t

�
io� n mu( s� t

�
 b

�
e�  a�  v$ a� ria� b

�
le�  o� f

mo� d
�
e�  l ogi cal )

m
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�

choose( n, k) c� o� mp u( t
�
e� s�  t

�
he�  c� o� mb

�
ina� t

�
io� ns�  o� f k

Ø
 e� v$ e� nt

�
s�  a� mo� ng�  n×  re� p e� t

�
it

�
io� ns�  = n× !/

f
[(

h
n×  – k

Ø
)

m
!k

Ø
!]

Ù
na. omi t ( x) s� u( p p re� s� s� e� s�  t

�
he�  o� b

�
s� e� rv$ a� t

�
io� ns�  w0 it

�
h mis� s� ing�  d

�
a� t

�
a�  (

h
N
g

A)
m
 (

h
s� u( p p re� s� s� e� s�  t

�
he�  c� o� rre� s� p o� nd

�
ing�  line�  if x

is�  a�  ma� t
�
rix o� r a�  dat a. f r ame)

m
na. f ai l ( x) r� e� t

�
u( r� n� s�  a� n�  e� r� r� o� r�  m! e� s� s� a� g� e�  i

�
f
 
 x,  c� o� n� t

�
a� i

�
n� s�  N

g
A
*

(
h
s� )

m
t abl e( x) r� e� t

�
u( r� n� s�  a�  t

�
a� b

�
l

"
e�  w0 i

�
t
�
h



 t

�
h



e�  n� u( m! b

�
e� r� s�  o� f

 
 t

�
h


e�  d

�
i
�
f
 
f
 
e� r� e� n� t

�
s�  v$ a� l

"
u( e� s�  o� f

 
 x,  (

h
t

�
y� p i

�
c� a� l

"
l

"
y�  f

 
o� r�  i� n� t

�
e� g� e� r� s�  o� r�

fa� c� t
�
o� rs� )

m
subset ( x, . . . ) r� e� t

�
u( r� n� s�  a�  s� e� l

"
e� c� t

�
i
�
o� n�  o� f

 
 x  w0 i

�
t
�
h



 r� e� s� p e� c� t

�
 t

�
o�  c� r� i

�
t
�
e� r� i� a�  (

h
. . . )

m
 d

�
e� p e� n� d

�
i
�
n� g�  o� n�  t

�
h


e�  m! o� d

�
e�  o� f

 
 x  (

h
t
�
y� p i

�
c� a� l

"
l
"
y�

c� o� m! p a� r� i
�
s� o� n� s� : x$V1 < 10)

m
; i

�
f
 
 x  i

�
s�  a�  dat a. f r ame,j  t� h
 e�  o� p t

�
i

�
o� n�  sel ect  a� l

"
l
"
o� w0 s�  t

�
h


e�  u( s� e� r�  t

�
o�

id
�
e� nt

�
ify�  v$ a� ria� b

�
le� s�  t

�
o�  b

�
e�  ke� p t

�
 (

h
o� r d

�
ro� p p e� d

�
 u( s� ing�  a�  minu( s�  s� ig� n - )

m

3
Í

.Î 4.Î 3Í  Ma_ t
Z
rix cY o§ mp^ u\ t

Z
a_ t

Z
io§ n

R h
�
as f

<
aci

�
l

4
i

�
t

�
i

�
es f

<
or. m> at

�
r. i

�
c com> p/ u7 t

�
at

�
i

�
on5 an5 d m> an5 i

�
p/ u7 l

4
at

�
i

�
on5 . A

P
m> at

�
r. i

�
xO can5 b

�
e cr. eat

�
ed wi

�
t

�
h

�
t

�
h

�
e

f
<
u7 n5 ct

�
i

�
on5  m� at

�
r i x� ( ) :

> mat
�

r i x( dat
�

a=5,  nr =2,  nc=2)
     [ , 1]  [ , 2]
[ 1, ]     5    5
[ 2, ]     5    5
> m� at

�
r i x� ( 1: 6,  n� r =2,  n� c=3)

     [ , 1]  [ , 2]  [ , 3]
[ 1, ]     1    3    5
[ 2, ]     2    4    6

T
=

h
�
e f

<
u7 n5 ct

�
i

�
on5 s r b

�
i n� d( ) an5 d cb

�
i n� d( ) b

�
i

�
n5 d m> at

�
r. i

�
ces wi

�
t

�
h

�
r. esp/ ect

�
t

�
o t

�
h

�
e l

4
i

�
n5 es or. t

�
h

�
e col

4
u7 m> n5 s,

resp/ ect
�
iv? ely6 :

> m1 <-  mat
�

r i x( dat
�

a=1,  nr =2,  nc=2)
> m� 2 <-  m� at

�
r i x� ( dat

�
a=2,  n� r =2,  n� c=2)

> r b
�

i nd( m1, m2)
     [ , 1]  [ , 2]
[ 1, ]     1    1
[ 2, ]     1    1
[ 3, ]     2    2
[ 4, ]     2    2
> cb

�
i n� d( m� 1, m� 2)

     [ , 1]  [ , 2]  [ , 3]  [ , 4]
[ 1, ]     1    1    2    2
[ 2, ]     1    1    2    2

T
=

h
�
e op/ er. at

�
or. f

<
or. t

�
h

�
e p/ r. odu7 ct

�
of

<
t

�
wo m> at

�
r. i

�
ces i

�
s ‘%* %’ . F

X
or. exO am> p/ l

4
e, con5 si

�
der. i

�
n5 g t

�
h

�
e t

�
wo

m> at
�
r. i

�
ces m> 1 an5 d m> 2 ab

�
ov? e:

> r b
�

i nd( m1, m2)  %* % cb
�

i nd( m1, m2)
     [ , 1]  [ , 2]  [ , 3]  [ , 4]
[ 1, ]     2    2    4    4
[ 2, ]     2    2    4    4
[ 3, ]     4    4    8    8
[ 4, ]     4    4    8    8
> cb

�
i n� d( m� 1, m� 2)  %* % r b

�
i n� d( m� 1, m� 2)

     [ , 1]  [ , 2]
[ 1, ]    10   10
[ 2, ]    10   10

T
=

h
�
e t

�
r. an5 sp/ osi

�
t

�
i

�
on5 of

<
a m> at

�
r. i

�
xO i

�
s don5 e wi

�
t

�
h

�
t

�
h

�
e f

<
u7 n5 ct

�
i

�
on5 t

�
( ) ; t

�
h

�
i

�
s f

<
u7 n5 ct

�
i

�
on5 al

4
so wi

�
t

�
h

�
a

dat
�

a. f r am� e.

The fu7 nct
�
ion di ag( ) can b

�
e u7 sed t

�
o ext

�
ract

�
or modify6 t

�
he diagonal of a mat

�
rix, or t

�
o b

�
u7 ild

diagonal mat
�
rix.
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> di ag( m� 1)
[ 1]  1 1
> di ag( r b

�
i n� d( m� 1, m� 2)  %* % cb

�
i n� d( m� 1, m� 2) )

[ 1]  2 2 8 8

> di ag( m� 1)  <-  10
> m1
     [ , 1]  [ , 2]
[ 1, ]    10    1
[ 2, ]     1   10

> di ag( 3)
     [ , 1]  [ , 2]  [ , 3]
[ 1, ]     1    0    0
[ 2, ]     0    1    0
[ 3, ]     0    0    1

> v <-  c( 10, 20, 30)
> di ag( v)
     [ , 1]  [ , 2]  [ , 3]
[ 1, ]    10    0    0
[ 2, ]     0   20    0
[ 3, ]     0    0   30

> di ag( 2. 1,  n� r =3,  n� c=5)
     [ , 1]  [ , 2]  [ , 3]  [ , 4]  [ , 5]
[ 1, ]   2. 1  0. 0  0. 0    0    0
[ 2, ]   0. 0  2. 1  0. 0    0    0
[ 3, ]   0. 0  0. 0  2. 1    0    0
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4 G
Ú

raphicÛ s wit
G
h R

R offers a remarkab
�
le v? ariet

�
y6 of grap/ hics. To get

�
an idea, one can t

�
y6 p/ e demo( gr ap� hi cs) . It

�
is

not
�

p/ ossib
�
le t

�
o det

�
ail here t

�
he p/ ossib

�
ilit

�
ies of R in t

�
erms of grap/ hics, p/ art

�
icu7 larly6 each grap/ hic

fu7 nct
�
ion has a large nu7 mb

�
er of op/ t

�
ions making t

�
he p/ rodu7 ct

�
ion of grap/ hics v? ery6 flexib

�
le. I will

f
<
i

�
r. st

�
 gi

�
v? e a f

<
ew det

�
ai

�
l

4
s on5  h

�
ow t

�
o m> an5 age gr. ap/ h

�
i

�
c wi

�
n5 dows.

4
Ë

.z 1 M
Ö

a} n� a} g� in� g�  g� r¶ a} p| h
{

i
�
c wi

�
n� d

�
ows�

4
Ï

.Î 1Ð .Î 1Ð   O
]

p^ e[ n¯ i
¨
n¯ g`  sa e[ v e[ r® a_ l

ª
 g` r® a_ p^ h

Ü
i

¨
cY  wÝ i

¨
n¯ d

¬
o§ wÝ sa

W
�

hen a grap/ hic fu7 nct
�
ion is t

�
y6 p/ ed, a grap/ hic window is op/ en wit

�
h t

�
he grap/ h requ7 ired. It

�
is

p/ ossib
�
le t

�
o op/ en anot

�
her window b

�
y6  t

�
y6 p/ ing:

> x� 11( )

The window so op/ en b
�
ecomes t

�
heact

�
iv? e window, and t

�
he su7 b

�
sequ7 ent

�
grap/ hs will b

�
edisp/ lay6 ed

on5  i
�
t

�
. T

=
o k

v
n5 ow t

�
h

�
e gr. ap/ h

�
i

�
c wi

�
n5 dows wh

�
i

�
ch

�
 ar. e cu7 r. r. en5 t

�
l

4
y6  op/ en5 :

> dev� . l i s t
�

( )
wi ndows wi ndows 
      2       3

The figu7 res disp/ lay6 ed u7 nder wi ndows are t
�
he nu7 mb

�
ers of t

�
he windows which can b

�
e u7 sed t

�
o

change t
�
he act

�
iv? e window:

> dev� . set
�

( 2)
wi ndows 
      2

4.Î 1.Î 2  Pa_ rt
Z
it

Z
io§ ning`  a_  g` ra_ p^ hicY  wÝ ind

¬
o§ wÝ

T
=

h
�
e f

<
u7 n5 ct

�
i

�
on5 sp� l i t

�
. scr een� ( ) p/ ar. t

�
i

�
t

�
i

�
on5 s t

�
h

�
e act

�
i

�
v? e gr. ap/ h

�
i

�
c wi

�
n5 dow. F

X
or. i

�
n5 st

�
an5 ce,

sp� l i t
�

. scr een� ( c( 1, 2) ) di
�
v? i

�
de t

�
h

�
e wi

�
n5 dow i

�
n5 t

�
wo p/ ar. t

�
s wh

�
i

�
ch

�
can5 b

�
e sel

4
ect

�
ed wi

�
t

�
h

�
scr een( 1)  or scr een( 2) ; er ase. scr een( )  erases t

�
he last

�
 drawn grap/ h.

The fu7 nct
�
ion l ay� ouA t

�
( ) allows more comp/ lex p/ art

�
it

�
ions: it

�
p/ art

�
it

�
ions t

�
he act

�
iv? e grap/ hic

wi
�
n5 dow i

�
n5 sev? er. al

4
p/ ar. t

�
s wh

�
er. e t

�
h

�
e gr. ap/ h

�
s wi

�
l

4
l

4
b

�
e di

�
sp/ l

4
ay6 ed su7 ccessi

�
v? el

4
y6 . F

X
or. exO am> p/ l

4
e, t

�
o

di
�
v? i

�
de t

�
h

�
e wi

�
n5 dow i

�
n5  f

<
ou7 r.  equ7 al

4
 p/ ar. t

�
s:

> l ay� ouA t
�

( mat
�

r i x( c( 1, 2, 3, 4) ,  2,  2) )

wh
�
er. e t

�
h

�
e v? ect

�
or. gi

�
v? es t

�
h

�
e n5 u7 m> b

�
er. s of

<
t

�
h

�
e su7 b

�
-wi

�
n5 dows, an5 d t

�
h

�
e t

�
wo f

<
i

�
gu7 r. es 2 i

�
n5 di

�
cat

�
es t

�
h

�
at

�
t

�
he window will b

�
e div? ided in t

�
wo rows and t

�
wo colu7 mns. The command:

> l ay� ouA t
�

( mat
�

r i x( c( 1, 2, 3, 4, 5, 6) ,  3,  2) )

wi
�
l

4
l

4
 cr. eat

�
e si

�
xO  su7 b

�
-wi

�
n5 dows, t

�
h

�
r. ee i

�
n5  r. ow, an5 d t

�
wo i

�
n5  col

4
u7 m> n5 , wh

�
er. eas:

> l ay� ouA t
�

( mat
�

r i x( c( 1, 2, 3, 4, 5, 6) ,  2,  3) )

wi
�
l

4
l

4
al

4
so cr. eat

�
e si

�
xO su7 b

�
-wi

�
n5 dows, b

�
u7 t

�
t

�
wo i

�
n5 r. ow, an5 d t

�
h

�
r. ee i

�
n5 col

4
u7 m> n5 . T

=
h

�
e su7 b

�
-wi

�
n5 dows m> ay6

b
�
e of different

�
 sizes:

> l ay� ouA t
�

( mat
�

r i x( c( 1, 2, 3, 3) ,  2,  2) )
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2

will op/ en t
�
wo su7 b

�
-windows in row in t

�
he left

�
half of t

�
he window, and a t

�
hird su7 b

�
-window in

t
�
h

�
e r. i

�
gh

�
t

�
 h

�
al

4
f

<
. F

X
i

�
n5 al

4
l

4
y6 , t

�
o cr. eat

�
e an5  i

�
n5 l

4
et

�
 i

�
n5  a gr. ap/ h

�
i

�
c:

> l ay� ouA t
�

( mat
�

r i x( c( 1, 1, 2, 1) ,  2,  2) ,  c( 3, 1) ,  c( 1, 3) )

t
�
h

�
e v? ect

�
or. s c(3,1) an5 d c(1,3) gi

�
v? i

�
n5 g t

�
h

�
e r. el

4
at

�
i

�
v? e di

�
m> en5 si

�
on5 s of

<
 t

�
h

�
e su7 b

�
-wi

�
n5 dows.

T
=

o v? i
�
su7 al

4
i

�
ze t

�
h

�
e p/ ar. t

�
i

�
t

�
i

�
on5 cr. eat

�
ed b

�
y6 l ay� ouA t

�
( ) b

�
ef

<
or. e dr. awi

�
n5 g t

�
h

�
e gr. ap/ h

�
s, we can5 u7 se t

�
h

�
e

fu7 nct
�
ion l ay� ouA t

�
. show( 2) , if, for examp/ le, t

�
wo su7 b

�
-windows hav? e b

�
een defined.

4
Ë

.z 2�  Gr¶ a} p| h
{

i
�
c f

¹
u¸ n� ct

~
io� n� s�

Here is a b
�
rief ov? erv? iew of t

�
he grap/ hics fu7 nct

�
ions in R.

pl ot ( x) p lo� t
�
 o� f t

�
he�  v$ a� lu( e� s�  o� f x (

h
o� n t

�
he�  yÞ -a� xis� )

m
 o� rd

�
e� re� d

�
 o� n t

�
he�  xß -a� xis�

pl ot ( x, y) b
�
iv$ a� ria� t

�
e�  p lo� t

�
 o� f x (

h
o� n t

�
he�  xß -a� xis� )

m
 a� nd

�
 y�  (

h
o� n t

�
he�  yÞ -a� xis� )

m
sunf l ower pl ot ( x, y) i

�
d
�
. t

�
h



a� n�  pl ot ( )  b

�
u( t

�
 t

�
h



e�  p o� i

�
n� t

�
s�  w0 i

�
t
�
h



 s� i

�
m! i

�
l

"
a� r�  c� o� o� r� d� i

�
n� a� t

�
e� s�  a� r� e�  d

�
r� a� w0 n�  a� s�  f

 
l

"
o� w0 e� r� s�  w0 h



i

�
c� h



p e� t

�
a� l

"
 n� u( m! b

�
e� r�  r� e� p r� e� s� e� n� t

�
s�  t

�
h



e�  n� u( m! b

�
e� r�  o� f

 
 p o� i

�
n� t

�
s�

pi echar t ( x) c� i
�
r� c� u( l

"
a� r�  p i

�
e� -c� h



a� r� t�

boxpl ot ( x) “b
�
o� x, -a� n� d

�
-w0 h



i
�
s� k

k
e� r� s� ”  p l

"
o� t

�
st r i ppl ot ( x) p l

"
o� t

�
 t

�
h


e�  v$ a� l

"
u( e� s�  o� f

 
 x,  o� n�  a�  l

"
i

�
n� e�  (

h
a� n�  a� l

"
t
�
e� r� n� a� t

�
i
�
v$ e�  t

�
o�  boxpl ot ( ) f o� r�  s� m! a� l

"
l

"
 s� a� m! p l

"
e�  s� i

�
zà e� s� )

m
copl ot ( x~y| z) b

�
i

�
v$ a� r� i

�
a� t

�
e�  p l

"
o� t

�
 o� f

 
 x,  a� n� d

�
 y�  f

 
o� r�  e� a� c� h



 v$ a� l

"
u( e�  o� f

 
 zà  (

h
i
�
f

 
 zà  i

�
s�  a�  f

 
a� c� t

�
o� r� )

m
i nt er act i on. pl ot
( f 1, f 2, x)

if f1 a� nd
�
 f2 a� re�  fa� c� t

�
o� rs� ,j  p lo� t

�
s�  t

�
he�  me� a� ns�  o� f y�  (

h
o� n t

�
he�  yÞ -a� xis� )

m
 w0 it

�
h re� s� p e� c� t

�
 t

�
o�  t

�
he�  v$ a� lu( e� s�

o� f
 
 f

 
1 (

h
o� n�  t

�
h


e�  xß -a� x, i

�
s� )

m
 a� n� d

�
 o� f

 
 f

 
2

�
 (

h
d

�
i
�
f

 
f
 
e� r� e� n� t

�
 c� u( r� v$ e� s� )

m
 ; t

�
h


e�  o� p t

�
i
�
o� n�  f un= a� l

"
l
"
o� w0 s�  t

�
o�  c� h



o� o� s� e�

t
�
h



e�  s� u( m! m! a� r� y�  s� t

�
a� t

�
i

�
s� t

�
i
�
c�  o� f

 
 y�  (

h
b
�
y�  d

�
e� f

 
a� u( l

"
t
�
 f un=mean)

m
mat pl ot ( x, y) b

�
iv$ a� ria� t

�
e�  p lo� t

�
 o� f t

�
he�  firs� t

�
 c� o� lu( mn o� f x vá sâ .ã  t� he�  firs� t

�
 o� ne�  o� f y� ,j  t� he�  s� e� c� o� nd

�
 o� ne�  o� f x vá sâ .ã  t� he�

s� e� c� o� n� d
�
 o� n� e�  o� f

 
 y� ,j  e� t

�
c� .

dot pl ot ( x) if x is�  a�  dat a. f r ame,j  p lo� t
�
s�  a�  C

o
le� v$ e� la� nd

�
 d

�
o� t

�
 p lo� t

�
 (

h
s� t

�
a� c� ke� d

�
 p lo� t

�
s�  line� -b

�
y� -line�  a� nd

�
c� o� lu( mn-b

�
y� -c� o� lu( mn)

m
pai r s( x) i

�
f

 
 x,  i

�
s�  a�  m! a� t

�
r� i� x,  o� r�  a�  dat a. f r ame,j  d� r� a� w0 s�  a� l

"
l
"
 p o� s� s� i

�
b
�
l

"
e�  b

�
i
�
v$ a� r� i� a� t

�
e�  p l

"
o� t

�
s�  b

�
e� t

�
w0 e� e� n�  t

�
h


e�

c� o� l
"
u( m! n� s�  o� f

 
 x,

pl ot . t s( x) if x is�  a� n o� b
�
j

�
e� c� t

�
 o� f c� la� s� s�  t s ,j  p lo� t

�
 o� f x w0 it

�
h re� s� p e� c� t

�
 t

�
o�  t

�
ime� ,j  x ma� y�  b

�
e�  mu( lt

�
iv$ a� ria� t

�
e�  b

�
u( t

�
t
�
he�  s� e� rie� s�  mu( s� t

�
 ha� v$ e�  t

�
he�  s� a� me�  fre� q) u( e� nc� y�  a� nd

�
 d

�
a� t

�
e� s�

t s. pl ot ( x) id
�
. b

�
u( t

�
 if x is�  mu( lt

�
iv$ a� ria� t

�
e�  t

�
he�  s� e� rie� s�  ma� y�  ha� v$ e�  d

�
iffe� re� nt

�
 d

�
a� t

�
e� s�  a� nd

�
 mu( s� t

�
 ha� v$ e�  t

�
he�  s� a� me�

f
 
r� e� q) u( e� n� c� y� 3

ä
hi st ( x) his� t

�
o� g� ra� m o� f t

�
he�  fre� q) u( e� nc� ie� s�  o� f x

bar pl ot ( x) his� t
�
o� g� ra� m o� f t

�
he�  v$ a� lu( e� s�  o� f x

qqnor m( x) q) u( a� nt
�
ile� s�  o� f x w0 it

�
h re� s� p e� c� t

�
 t

�
o�  t

�
he�  v$ a� lu( e� s�  e� xp e� c� t

�
e� d

�
 u( nd

�
e� r a�  no� rma� l la� w0

qqpl ot ( x, y) q) u( a� nt
�
ile� s�  o� f y�  w0 it

�
h re� s� p e� c� t

�
 t

�
o�  t

�
he�  q) u( a� nt

�
ile� s�  o� f x

cont our ( x, y, z) c� re� a� t
�
e� s�  a�  c� o� nt

�
o� u( r p lo� t

�
 (

h
d

�
a� t

�
a�  a� re�  int

�
e� rp o� la� t

�
e� d

�
 t

�
o�  d

�
ra� w0  t

�
he�  c� u( rv$ e� s� )

m
,j  x a� nd

�
 y�  mu( s� t

�
 b

�
e�

v$ e� c� t
�
o� rs�  a� nd

�
 z mu( s� t

�
 b

�
e�  a�  ma� t

�
rix s� o�  t

�
ha� t

�
 di m( z) =c( l engt h( x) , l engt h( y) )

i mage( x, y, z) id
�
. b

�
u( t

�
 w0 it

�
h c� o� lo� u( rs�  (

h
a� c� t

�
u( a� l d

�
a� t

�
a�  a� re�  p lo� t

�
t

�
e� d

�
)
m

per sp( x, y, z) id
�
. b

�
u( t

�
 in 3

�
-D (

h
a� c� t

�
u( a� l d

�
a� t

�
a�  a� re�  p lo� t

�
t

�
e� d

�
)

m

F
X

or. each
�

f
<
u7 n5 ct

�
i

�
on5 , t

�
h

�
e op/ t

�
i

�
on5 s m> ay6 b

�
e f

<
ou7 n5 d wi

�
t

�
h

�
t

�
h

�
e on5 -l

4
i

�
n5 e h

�
el

4
p/ i

�
n5 R. Som> e of

<
t

�
h

�
ese op/ t

�
i

�
on5 s

ar. e i
�
den5 t

�
i

�
cal

4
f

<
or. sev? er. al

4
gr. ap/ h

�
i

�
c f

<
u7 n5 ct

�
i

�
on5 s; h

�
er. e ar. e t

�
h

�
e m> ai

�
n5 on5 es (wi

�
t

�
h

�
t

�
h

�
ei

�
r. p/ ossi

�
b

�
l

4
e def

<
au7 l

4
t

�
v? al

4
u7 es):

3
�

 T
	

h


e�  f

 
u( n� c� t

�
i
�
o� n�  t s. pl ot ( )  i

�
s�  i

�
n�  t

�
h


e�  p a� c� k

k
a� g� e�  t s  a� n� d

�
 n� o� t

�
 i

�
n�  base a� s�  f

 
o� r�  t� h
 e�  o� t

�
h



e� r�  g� r� a� p h



i

�
c�  f

 
u( n� c� t

�
i

�
o� n� s�  l

"
i
�
s� t

�
e� d

�
 i

�
n�  t

�
h


e�

t
�
a� b

�
l
"
e�  (

h
s� e� e�  § 5

�
 f

 
o� r�  d� e� t

�
a� i

�
l

"
s�  o� n�  p a� c� k

k
a� g� e� s�  i

�
n�  R

r
)
m
.
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%

add=F
½

A
¾

LSE
¿ i

�
f

<
 T

=
R

y
U

S
E

C
 su7 p/ er. p/ oses t

�
h

�
e p/ l

4
ot

�
 on5  t

�
h

�
e p/ r. ev? i

�
ou7 s on5 e (i

�
f

<
 i

�
t

�
 exO i

�
st

�
s)

ax� es=TR
Á

U
Â

E
¿ i

�
f

<
 F

X
A

P
L

R
SE

C
 does n5 ot

�
 dr. aw t

�
h

�
e axO es

t
�

y� p� e=" p� " sp/ ecifies t
�
he t

�
y6 p/ e of p/ lot

�
, " p� " : p/ oint

�
s, " l " : lines, " b

�
" : p/ oint

�
s connect

�
ed b

�
y6

lines, " o" : id. b
�
u7 t

�
t

�
he lines areov? er t

�
hep/ oint

�
s, " h" : v? ert

�
ical lines , " s" : st

�
ep/ s,

t
�
h

�
e dat

�
a ar. e r. ep/ r. esen5 t

�
ed b

�
y6 t

�
h

�
e t

�
op/ of

<
t

�
h

�
e v? er. t

�
i

�
cal

4
l

4
i

�
n5 es, " S" : i

�
d. b

�
u7 t

�
t

�
h

�
e dat

�
a

ar. e r. ep/ r. esen5 t
�
ed b

�
y6  t

�
h

�
e b

�
ot

�
t

�
om>  of

<
 t

�
h

�
e v? er. t

�
i

�
cal

4
 l

4
i

�
n5 es.

x� l ab
�

=,  y� l ab
�

= an5 n5 ot
�
at

�
es t

�
h

�
e axO es, m> u7 st

�
b

�
e v? ar. i

�
ab

�
l

4
es of

<
m> ode ch

 
ar act

�
er (ei

�
t

�
h

�
er. a ch

�
ar. act

�
er.

v? ariab
�
le, or a st

�
ring wit

�
hin " " )

mai n= main t
�
it

�
le, mu7 st

�
 b

�
e a v? ariab

�
le of mode char act

�
er

suA b
�

= su7 b
�
-t

�
i

�
t

�
l

4
e (wr. i

�
t

�
t

�
en5  i

�
n5  a sm> al

4
l

4
er.  f

<
on5 t

�
)

4.z 3�   Low-le� vÉ el p| l
�
ot

~
t

~
i
�
n� g�  com� m� a} n� d

�
s�

R h
�
as a set

�
of

<
gr. ap/ h

�
i

�
c f

<
u7 n5 ct

�
i

�
on5 s wh

�
i

�
ch

�
af

<
f

<
ect

�
an5 al

4
r. eady6 exO i

�
st

�
i

�
n5 g gr. ap/ h

�
: t

�
h

�
ey6 ar. e cal

4
l

4
ed l

4
ow-

l
4
ev? el

4
 p/ l

4
ot

�
t

�
i

�
n5 g com> m> an5 ds. H

;
er. e ar. e t

�
h

�
e m> ai

�
n5  on5 es:

poi nt s( x, y) a� d
�
d

�
s�  p o� i

�
n� t

�
s�  (

h
t
�
h



e�  o� p t

�
i

�
o� n�  t ype= c� a� n�  b

�
e�  u( s� e� d

�
)

m
l i nes( x, y) i

�
d
�
. b

�
u( t

�
 w0 i

�
t

�
h


 l

"
i
�
n� e� s�

t ext ( x, y, l abel s, . . . ) a� d
�
d

�
s� t

�
e� x, t

�
g� i

�
v$ e� n� b

�
y� l abel s a� t

�
c� o� o� r� d

�
i

�
n� a� t

�
e� s� (

h
x, ,j y� )

m
; a� t

�
y� p i

�
c� a� l

"
u( s� a� g� e� i

�
s� :

pl ot ( x, y, t ype=" n" ) ;  t ext ( x, y, names)

segment s( x0, y0, x1, y1) d
�
ra� w0 s�  a�  line�  fro� m p o� int

�
 (

h
xß

0
å ,j yÞ

0
å )m  t� o�  p o� int

�
 (

h
xß

1,j yÞ
1)

m
ar r ows( x0, y0, x1, y1,
angl e=30,  code=2)

id
�
. w0 it

�
h a� n a� rro� w0 a� t

�
p o� int

�
(

h
xß

0
å ,j yÞ

0
å )m if code=2,j a� t

�
p o� int

�
(
h
xß

1,j yÞ
1)

m
if code=1,j o� r a� t

�
b

�
o� t

�
h

p o� int
�
s� if code=3; angl e c� o� nt

�
ro� ls� t

�
he� a� ng� le� fro� m t

�
he� s� ha� ft

�
o� f t

�
he� a� rro� w0 t

�
o� t

�
he�

e� d
�
g� e�  o� f t

�
he�  a� rro� w0  he� a� d

�
abl i ne( a, b) d

�
ra� w0 s�  a�  line�  o� f s� lo� p e�  b a� nd

�
 int

�
e� rc� e� p t

�
 a

abl i ne( h=y) d
�
r� a� w0 s�  a�  h



o� r� i� zà o� n� t

�
a� l

"
 l

"
i
�
n� e�  a� t

�
 o� r� d� i

�
n� a� t

�
e�  y

abl i ne( v=x) d
�
r� a� w0 s�  a�  v$ e� r� t� i� c� a� l

"
 l

"
i
�
n� e�  a� t

�
 a� b

�
c� i

�
s� s� a�  x

abl i ne( lmæ .obj) d
�
ra� w0 s�  t

�
he�  re� g� re� s� s� io� n line�  g� iv$ e� n b

�
y�  lm.obj (

h
s� e� e�  § 5

�
)
m

r ect ( x1, y1, x2, y2) d
�
ra� w0 s� a� re� c� t

�
a� ng� le� w0 hic� h le� ft

�
,j rig� ht

�
,j b

�
o� t

�
t

�
o� m,j a� nd

�
t

�
o� p limit

�
s� a� re� x1,j x2,j y� 1,j a� nd

�
y� 2,j

r� e� s� p e� c� t
�
i

�
v$ e� l

"
y�

pol ygon( x, y) d
�
r� a� w0 s�  a�  p o� l

"
y� g� o� n�  l

"
i

�
n� k

k
i

�
n� g�  t

�
h



e�  p o� i

�
n� t

�
s�  w0 i

�
t
�
h



 c� o� o� r� d� i

�
n� a� t

�
e� s�  g� i

�
v$ e� n�  x,  a� n� d

�
 y�

l egend( x, y, l egend) a� d
�
d
�
s�  t

�
he�  le� g� e� nd

�
 a� t

�
 t

�
he�  p o� int

�
 (

h
x,j y� )

m
 w0 it

�
h s� y� mb

�
o� ls�  g� iv$ e� n b

�
y�  l egend

t i t l e( ) a� d
�
d
�
s�  a�  t

�
it

�
le�  a� nd

�
 o� p t

�
io� na� lly�  a�  s� u( b

�
-t

�
it

�
le�

axi s( s i de, vect) a� d
�
d
�
s�  a� n a� xis�  a� t

�
 t

�
he�  b

�
o� t

�
t

�
o� m (

h
si de=1)

m
,j  o� n t

�
he�  le� ft

�
 (

h
2)

m
,j  a� t

�
 t

�
he�  t

�
o� p  (

h
3)

m
,j  o� r o� n t

�
he�  rig� ht

�
(

h
4)

m
; vect (

h
o� p t

�
io� na� l)

m
 g� iv$ e� s�  t

�
he�  a� b

�
c� is� s� a�  (

h
o� r o� rd

�
ina� t

�
e� s� )

m
 w0 he� re�  t

�
ic� k-ma� rks�  a� re�  d

�
ra� w0 n

r ug( x) d
�
ra� w0 s�  t

�
he�  d

�
a� t

�
a�  x o� n t

�
he�  xß -a� xis�  a� s�  s� ma� ll v$ e� rt

�
ic� a� l line� s�

l ocat or ( n,  t ype=" n" ,
. . . )

r� e� t
�
u( r� n� s�  t

�
h


e�  c� o� o� r� d� i

�
n� a� t

�
e� s�  (

h
xß ,j yÞ )

m
 a� f

 
t
�
e� r�  t� h
 e�  u( s� e� r�  h
 a� s�  c� l

"
i
�
c� k

k
e� d

�
 n t

�
i
�
m! e� s�  o� n�  t

�
h



e�  p l

"
o� t

�
 w0 i

�
t

�
h



 t

�
h



e�

m! o� u( s� e� ; a� l
"
s� o�  d

�
r� a� w0 s�  s� y� m! b

�
o� l

"
s�  (

h
t ype=" p" )

m
 o� r�  l" i� n� e� s�  (

h
t ype=" l " )

m
 w0 i

�
t
�
h



 r� e� s� p e� c� t

�
 t

�
o�

o� p t
�
i

�
o� n� a� l

"
 g� r� a� p h



i

�
c�  p a� r� a� m! e� t

�
e� r� s�  (

h
. . . )

m
; b

�
y�  d

�
e� f

 
a� u( l

"
t
�
 n� o� t

�
h


i
�
n� g�  i

�
s�  d

�
r� a� w0 n�  (

h
t ype=" n" )

m

N
W

ot
�
e t

�
he p/ ossib

�
ilit

�
y6 t

�
o add mat

�
hemat

�
ical exp/ ressions on a p/ lot

�
wit

�
h t

�
ext

�
( x, y� ,

ex� p� r essi on� ( . . . ) ) , wh
�
er. e t

�
h

�
e f

<
u7 n5 ct

�
i

�
on5 ex� p� r essi on� ( ) t

�
r. an5 sf

<
or. m> s i

�
t

�
s ar. gu7 m> en5 t

�
i

�
n5 a

m> at
�
h

�
em> at

�
i

�
cal

4
equ7 at

�
i

�
on5 accor. di

�
n5 g t

�
o a codi

�
n5 g u7 sed i

�
n5 t

�
h

�
e t

�
y6 p/ e-set

�
t

�
i

�
n5 g T

=
eX

ç
. F

X
or. exO am> p/ l

4
e,

t
�

ex� t
�

( x� , y� , ex� p� r essi on� ( U
Â

k[ 37] ==ov� er ( 1, 1+e^ { - ep� si l on� * ( T- t
�

h
 

et
�

a) } ) ) ) wi
�
l

4
l

4
di

�
sp/ l

4
ay6 ,

on5  t
�
h

�
e p/ l

4
ot

�
, t

�
h

�
e f

<
ol

4
l

4
owi

�
n5 g equ7 at

�
i

�
on5  at

�
 p/ oi

�
n5 t

�
 of

<
 coor. di

�
n5 at

�
es (xè ,yé ):

U
S

k37
ê ë 1

1 ì eí î ï T
ð ñ ò ó
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T
=

o i
�
n5 cl

4
u7 de i

�
n5 an5 exO p/ r. essi

�
on5 a v? ar. i

�
ab

�
l

4
e we can5 u7 se t

�
h

�
e f

<
u7 n5 ct

�
i

�
on5 suA b

�
st

�
i t

�
uA t

�
e( ) t

�
oget

�
h

�
er. wi

�
t

�
h

�
t

�
h

�
e f

<
u7 n5 ct

�
i

�
on5 as. ex� p� r essi on� ( ) ; f

<
or. exO am> p/ l

4
e t

�
o i

�
n5 cl

4
u7 de a v? al

4
u7 e of

<
R

ô 2 (p/ r. ev? i
�
ou7 sl

4
y6 com> p/ u7 t

�
ed

and st
�
ored in an ob

�
j

V
ect

�
 named RsquA ar ed):

> t
�

ex� t
�

( x� ,  y� ,  as. ex� p� r essi on� ( suA b
�

st
�

i t
�

uA t
�

e( R
Á

^2==r ,  l i s t
�

( r =R
Á

squA ar ed) ) ) )

wi
�
l

4
l

4
 di

�
sp/ l

4
ay6  on5  t

�
h

�
e p/ l

4
ot

�
 at

�
 t

�
h

�
e p/ oi

�
n5 t

�
 of

<
 coor. di

�
n5 at

�
es (xO ,y6 ):

R2
õ
 = 0.9856298

T
=

o di
�
sp/ l

4
ay6  on5 l

4
y6  t

�
h

�
r. ee deci

�
m> al

4
s, we can5  m> odi

�
f

<
y6  t

�
h

�
e code as f

<
ol

4
l

4
ows:

> t
�

ext
�

( x,  y� ,  as. exp� r essi on( suA b
�

st
�

i t
�

uA t
�

e( R̂ 2==r ,  l i s t
�

( r =r ouA nd( RsquA ar ed, 3) ) ) ) )

wh
�
i

�
ch

�
 wi

�
l

4
l

4
 r. esu7 l

4
t

�
 i

�
n5 :

R2
õ
 = 0.986

F
X

i
�
n5 al

4
l

4
y6 , t

�
o wr. i

�
t

�
e t

�
h

�
e R

y
 i

�
n5  i

�
t

�
al

4
i

�
cs (as ar. e t

�
h

�
e m> at

�
h

�
em> at

�
i

�
cal

4
 con5 v? en5 t

�
i

�
on5 s):

>t
�

ex� t
�

( x� ,  y� ,  as. ex� p� r essi on� ( suA b
�

st
�

i t
�

uA t
�

e( i t
�

al i c( R
Á

) ^2==r ,
l i s t

�
( r =r ouA nd( RsquA ar ed, 3) ) ) ) )

R
ô 2 = 0.986

4.z 4 Gra} p| h
{

ic p| a} ra} m� et
~
e� rs�

In addit
�
ion t

�
o low-lev? el p/ lot

�
t

�
ing commands, t

�
he p/ resent

�
at

�
ion of grap/ hics can b

�
e imp/ rov? ed

wit
�
h grap/ hic p/ aramet

�
ers. They6 can b

�
e u7 sed eit

�
her as op/ t

�
ions of grap/ hic fu7 nct

�
ions (b

�
u7 t

�
it

�
does

not
�

work for all), oe wit
�
h t

�
he fu7 nct

�
ion p� ar ( ) t

�
o change p/ ermanent

�
ly6 t

�
he grap/ hic p/ aramet

�
ers,

i
�
.e. t

�
h

�
e su7 b

�
sequ7 en5 t

�
p/ l

4
ot

�
s wi

�
t

�
h

�
r. esp/ ect

�
t

�
o t

�
h

�
e p/ ar. am> et

�
er. s sp/ eci

�
f

<
i

�
ed b

�
y6 t

�
h

�
e u7 ser. . F

X
or. i

�
n5 st

�
an5 ce,

l
4
’ i

�
n5 st

�
r. u7 ct

�
i

�
on5  su7 i

�
v? an5 t

�
e:

> p� ar ( b
�

g=" y� el l ow" )

wi
�
l

4
l

4
dr. aw al

4
l

4
su7 b

�
sequ7 en5 t

�
p/ l

4
ot

�
s wi

�
t

�
h

�
a y6 el

4
l

4
ow b

�
ack

v
gr. ou7 n5 d. T

=
h

�
er. e ar. e 68 gr. ap/ h

�
i

�
c p/ ar. am> et

�
er. s,

som> e of
<

t
�
h

�
em> h

�
av? e v? er. y6 cl

4
ose f

<
u7 n5 ct

�
i

�
on5 s. T

=
h

�
e exO h

�
au7 st

�
i

�
v? e l

4
i

�
st

�
of

<
gr. ap/ h

�
i

�
c p/ ar. am> et

�
er. s can5 b

�
e r. ead

wi
�
t

�
h

�
 ?p� ar ; I

@
 wi

�
l

4
l

4
 l

4
i

�
m> i

�
t

�
 t

�
h

�
e f

<
ol

4
l

4
owi

�
n5 g t

�
ab

�
l

4
e t

�
o t

�
h

�
e m> ost

�
 u7 su7 al

4
 on5 es.

adj c� o� nt
�
ro� ls�  t

�
e� xt

�
 j

�
u( s� t

�
ific� a� t

�
io� n (

h
0
%
 le� ft

�
-j

�
u( s� t

�
ifie� d

�
,j  0% .5

�
 c� e� nt

�
e� re� d

�
,j  1 rig� ht

�
-j

�
u( s� t

�
ifie� d

�
)
m

bg s� p e� c� i
�
f

 
i
�
e� s�  t

�
h


e�  c� o� l

"
o� u( r�  o� f

 
 t

�
h


e�  b

�
a� c� k

k
g� r� o� u( n� d

�
 (

h
e� .g� .: bg=" r ed" ,j  bg=" bl ue" ,j  ... t� h
 e�  l

"
i
�
s� t

�
 o� f

 
 t

�
h



e�  6

�
5

�
7
9
 a� v$ a� i

�
l
"
a� b

�
l

"
e�

c� o� l
"
o� u( r� s�  i

�
s�  d

�
i
�
s� p l

"
a� y� e� d

�
 w0 i

�
t

�
h


 col or s( ) )

m
bt y c� o� n� t

�
r� o� l

"
s�  t

�
h



e�  t

�
y� p e�  o� f

 
 b

�
o� x,  d

�
r� a� w0 n�  a� r� o� u( n� d

�
 t

�
h



e�  p l

"
o� t

�
,j  a� l

"
l

"
o� w0 e� d

�
 v$ a� l

"
u( e� s�  a� r� e� : " o" ,j  " l " ,j  " 7" ,j  " c" ,j  " u"  o� r�  " ] "

(
h
t

�
h



e�  b

�
o� x,  l

"
o� o� k

k
s�  l

"
i
�
k

k
e�  t

�
h


e�  c� o� r� r� e� s� p o� n� d

�
i
�
n� g�  c� h



a� r� a� c� t

�
e� r� )

m
; i

�
f
 
 bt y=" n"  t

�
h



e�  b

�
o� x,  i

�
s�  n� o� t

�
 d

�
r� a� w0 n�

cex a�  v$ a� lu( e�  c� o� nt
�
ro� ling�  t

�
he�  s� ize�  o� f t

�
e� xt

�
s�  a� nd

�
 s� y� mb

�
o� ls�  w0 it

�
h re� s� p e� c� t

�
 t

�
o�  t

�
he�  d

�
e� fa� u( lt

�
; t

�
he�  fo� llo� w0 ing�  p a� ra� me� t

�
e� rs�

h


a� v$ e�  t

�
h


e�  s� a� m! e�  c� o� n� t

�
r� o� l

"
 f

 
o� r�  n� u( m! b

�
e� r� s�  o� n�  t

�
h


e�  a� x, e� s� ,j  cex. axi s ,j  a� n� n� o� t

�
a� t

�
i

�
o� n� s�  o� n�  t

�
h



e�  a� x, e� s� ,j  cex. l ab,j  t� h
 e�

t
�
i

�
t
�
l
"
e� ,j  cex. t i t l e,j  a� n� d

�
 t

�
h


e�  s� u( b

�
-t

�
i
�
t

�
l
"
e� ,j  cex. sub

col c� o� nt
�
ro� ls�  t

�
he�  c� o� lo� u( r o� f s� y� mb

�
o� ls� ; a� s�  fo� r cex  t

�
he� re�  a� re� : col . axi s ,j  col . l ab,j  col . t i t l e,j  col . sub

f ont a� n int
�
e� g� e� r w0 hic� h c� o� nt

�
ro� ls�  t

�
he�  s� t

�
y� le�  o� f t

�
e� xt

�
 (

h
0
%
: no� rma� l,j  1: it

�
a� lic� s� ,j  2: b

�
o� ld

�
,j  3� : b

�
o� ld

�
 it

�
a� lic� s� )

m
; a� s�  fo� r cex

t
�
he� re�  a� re� : f ont . axi s ,j  f ont . l ab,j  f ont . t i t l e,j  f ont . sub
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l as a� n int
�
e� g� e� r w0 hic� h c� o� nt

�
ro� ls�  t

�
he�  o� rie� nt

�
a� t

�
io� n o� f a� nno� t

�
a� t

�
io� ns�  o� n t

�
he�  a� xe� s�  (

h
0
%
: p a� ra� lle� l t

�
o�  t

�
he�  a� xe� s� ,j  1:

ho� rizo� nt
�
a� l,j  2: p e� rp e� nd

�
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�
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�
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m
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�
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�
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�
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�
a� s� he� d

�
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�
o� t

�
t

�
e� d
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�
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�
d
�
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�
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t
�
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h
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 w0 h
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i
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�
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�
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�
v$ e� l

"
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�
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"
e� n� g� t

�
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,j  i� n�  p o� i

�
n� t

�
s�  o� r�  p i

�
x, e� l

"
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 t

�
h



e�  d

�
r� a� w0 n�  e� l

"
e� m! e� n� t

�
s�  a� n� d

�
 t

�
h


e�  b

�
l

"
a� n� k

k
s� ,j  f o� r�  e� x, a� m! p l

"
e�  l t y=" 44"  w0 i

�
l

"
l
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a� v$ e�  t

�
h



e�

s� a� m! e�  e� f
 
f
 
e� t

�
 t

�
h


a� n�  l t y=2

l wd a�  nu( me� ric�  w0 hic� h c� o� nt
�
ro� ls�  t

�
he�  w0 id

�
t
�
h o� f line� s�

mar a�  v$ e� c� t
�
o� r o� f 4 nu( me� ric�  v$ a� lu( e� s�  w0 hic� h c� o� nt

�
ro� l t

�
he�  s� p a� c� e�  b

�
e� t

�
w0 e� e� n t

�
he�  a� xe� s�  a� nd

�
 t

�
he�  b

�
o� rd

�
e� r o� f t

�
he�  fig� u( re�  o� f

t
�
he�  fo� rm c( bot t om,  l ef t ,  t op,  r i ght ) ,j  t� he�  d

�
e� fa� u( lt

�
 v$ a� lu( e� s�  a� re�  c( 5. 1,  4. 1,  4. 1,  2. 1)

mf col a� v$ e� c� t
�
o� r o� f t

�
he� fo� rm c( nr , nc) w0 hic� h p a� rt

�
it

�
io� ns� t

�
he� g� ra� p hic� w0 ind

�
o� w0 a� s� a� ma� t

�
rix o� f nr line� s� a� nd

�
nc

c� o� lu( mns� ,j  t� he�  p lo� t
�
s�  a� re�  t

�
he� n d

�
ra� w0 n in c� o� lu( mns�  (

h
c� f. § 4.1.2)

m
mf r ow id

�
. b

�
u( t

�
 t

�
he�  p lo� t

�
s�  a� re�  d

�
ra� w0 n in ro� w0 s�  (

h
c� f. § 4.1.2)

m
pch c� o� nt

�
ro� ls�  t

�
he�  t

�
y� p e�  o� f s� y� mb

�
o� l,j  e� it

�
he� r a� n int

�
e� g� e� r b

�
e� t

�
w0 e� e� n 1 a� nd

�
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�
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�
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�
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�
e� g� e� r�  w0 h
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�
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�
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"
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"
u( e�  w0 h
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�
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�
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�
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�
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�
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�
c� k

k
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�
h
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r� a� c� t

�
i
�
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�
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e�  s� m! a� l

"
l

"
e� s� t

�
 o� f

 
 t

�
h



e�  w0 i

�
d

�
t
�
h



o� r�  h
 e� i

�
g� h



t

�
 o� f

 
 t

�
h


e�  p l

"
o� t

�
; i

�
f

 
 t ck=1 a�  g� r� i� d�  i

�
s�  d

�
r� a� w0 n�

t c l a�  v$ a� lu( e�  w0 hic� h s� p e� c� ifie� s�  t
�
he�  le� ng� t

�
h o� f t

�
ic� k-ma� rks�  o� n t

�
he�  a� xe� s�  a� s�  a�  fra� c� t

�
io� n o� f t

�
he�  he� ig� ht

�
 o� f a�  line�  o� f t

�
e� xt

�
(
h
b

�
y�  d

�
e� f

 
a� u( l

"
t

�
 t c l =- 0. 5)

m
xaxt if xaxt =" n"  t

�
he�  xß -a� xis�  is�  s� e� t

�
 b

�
u( t

�
 no� t

�
 d

�
ra� w0 n (

h
u( s� e� fu( l in c� o� nj

�
o� nc� t

�
io� n w0 it

�
h axi s( s i de=1,  . . . ) )

m
yaxt if yaxt =" n"  t

�
he�  yÞ -a� xis�  is�  s� e� t

�
 b

�
u( t

�
 no� t

�
 d

�
ra� w0 n (

h
u( s� e� fu( l in c� o� nj

�
o� nc� t

�
io� n w0 it

�
h axi s( s i de=2,  . . . ) )
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5
ö

 S
÷

t
G
atisH t

G
icaF l aF nalyø sH ew s with R

Ev? en more t
�
han for grap/ hics, it

�
is imp/ ossib

�
le here t

�
o go in t

�
he det

�
ails of t

�
he p/ ossib

�
ilit

�
ies

of
<
f

<
er. ed b

�
y6 R wi

�
t

�
h

�
r. esp/ ect

�
t

�
o st

�
at

�
i

�
st

�
i

�
cal

4
an5 al

4
y6 ses. A

P
wi

�
de r. an5 ge of

<
f

<
u7 n5 ct

�
i

�
on5 s i

�
s av? ai

�
l

4
ab

�
l

4
e i

�
n5 t

�
h

�
e

b
�

ase p/ ack
v
age an5 d i

�
n5  ot

�
h

�
er. s di

�
st

�
r. i

�
b

�
u7 t

�
ed wi

�
t

�
h

�
 b� ase.

Sev? er. al
4

con5 t
�
r. i

�
b

�
u7 t

�
ed p/ ack

v
ages i

�
n5 cr. ease t

�
h

�
e p/ ot

�
en5 t

�
i

�
al

4
i

�
t

�
i

�
es of

<
R. T

=
h

�
ey6 ar. e di

�
st

�
r. i

�
b

�
u7 t

�
ed sep/ ar. at

�
el

4
y6

an5 d m> u7 st
�

b
�
e l

4
oaded i

�
n5 m> em> or. y6 t

�
o b

�
e u7 sed b

�
y6 R. A

P
n5 exO h

�
au7 st

�
i

�
v? e l

4
i

�
st

�
of

<
t

�
h

�
e con5 t

�
r. i

�
b

�
u7 t

�
ed

p/ ackages, t
�
oget

�
her wit

�
h t

�
heir descrip/ t

�
ions, is at

�
t

�
he following U

S
RL: ht

�
t

�
p/ :/

U
/

U
cran.r-

p/ roj
V
ect

�
.org/

U
src/

U
cont

�
rib

�
/

U
PACKAGES.ht

�
ml. Among t

�
he most

�
 remarkab

�
le ones, t

�
here are:

gee generalised est
�
imat

�
ing equ7 at

�
ions;

m� uA l t
�

i v� m> u7 l
4
t

�
i

�
v? ar. i

�
at

�
e an5 al

4
y6 ses, i

�
n5 cl

4
u7 des cor. r. esp/ on5 dan5 ce an5 al

4
y6 si

�
s 

(b
�
y6  con5 t

�
r. at

�
s t

�
o m� v� a wh

�
i

�
ch

�
 i

�
s di

�
st

�
r. i

�
b

�
u7 t

�
ed wi

�
t

�
h

�
 b� ase) ;

nl me linear and nonlinear models wit
�
h mixed-effect

�
s;

suA r v i val 5 su7 rv? iv? al analy6 ses;
t

�
r ee t

�
rees and classificat

�
ion;

t
�

ser i es t
�
i

�
m> e-ser. i

�
es an5 al

4
y6 ses

(h
�
as m> or. e m> et

�
h

�
ods t

�
h

�
an5  t� s  wh

�
i

�
ch

�
 i

�
s di

�
st

�
r. i

�
b

�
u7 t

�
ed wi

�
t

�
h

�
 b� ase).

J
B
im K. Lindsey6 dist

�
rib

�
u7 t

�
es on his sit

�
e (ht

�
t

�
p/ :/

U
/

U
alp/ ha.lu7 c.ac.b

�
e/

U
~j

V
lindsey6 /

U
rcode.ht

�
ml) sev? eral

int
�
erest

�
ing p/ ackages:

dn� a m> an5 i
�
p/ u7 l

4
at

�
i

�
on5  of

<
 m> ol

4
ecu7 l

4
ar.  sequ7 en5 ces (i

�
n5 cl

4
u7 des t

�
h

�
e p/ or. t

�
s of

<
 Cl

4
u7 st

�
al

4
W

�
 an5 d of

<
 f

<
l

4
i

�
p/ )

gn� l m� n5 on5 l
4
i

�
n5 ear.  gen5 er. al

4
i

�
zed m> odel

4
s;

st
�

ab
�

l e p/ rob
�
ab

�
ilit

�
y6  fu7 nct

�
ions and generalized regressions for st

�
ab

�
le dist

�
rib

�
u7 t

�
ions;

gr owt
�

h models for normal rep/ eat
�
ed measu7 res;

r ep� eat
�

ed models for non-normal rep/ eat
�
ed measu7 res;

event
� models and p/ rocedu7 res for hist

�
orical p/ rocesses (b

�
ranching, Poisson, ...)

r m� uA t
�

i l t
�
ool

4
s f

<
or.  n5 on5 l

4
i

�
n5 ear.  r. egr. essi

�
on5 s an5 d r. ep/ eat

�
ed m> easu7 r. es.

“An Int
�
rodu7 ct

�
ion t

�
o R” (p/ p/ 51-63) giv? es an excellent

�
int

�
rodu7 ct

�
ion t

�
o st

�
at

�
ist

�
ical models wit

�
h R.

Only6 some p/ oint
�
s are giv? en here in order t

�
hat

�
a new u7 ser can make his first

�
st

�
ep/ s. There are

fiv? e main st
�
at

�
ist

�
ical fu7 nct

�
ions in t

�
he b� ase p/ ackage:

l m� l
4
i

�
n5 ear.  m> odel

4
s;

gl m� gen5 er. al
4
i

�
sed l

4
i

�
n5 ear.  m> odel

4
s;

aov analy6 sis of v? ariance 
anova comp/ arison of models;
l ogl i n log-linear models;
nl m nonlinear minimisat

�
ion of fu7 nct

�
ions.

F
X

or. exO am> p/ l
4
e, i

�
f

<
we h

�
av? e t

�
wo v? ect

�
or. s xO an5 d y6 each

�
wi

�
t

�
h

�
f

<
i

�
v? e ob

�
ser. v? at

�
i

�
on5 s, an5 d we wi

�
sh

�
t

�
o

p/ erform a linear regression of y6  on x:

> x�  <-  1: 5
> y�  <-  r n� or m� ( 5)
> l m( y� ~x)

Cal l :
l m� ( f or m� uA l a = y�  ~ x� )

Coef f i c i ent
�

s:
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( I nt

�
er cep� t

�
)             x   

     0. 2252       0. 1809

A
P

s f
<
or.  an5 y6  f

<
u7 n5 ct

�
i

�
on5  i

�
n5  R, t

�
h

�
e r. esu7 l

4
t

�
 of

<
 l m� ( y� ~x� )  can5  b

�
e cop/ i

�
ed i

�
n5  an5  ob

�
j

V
ect

�
:

> m� y� m� odel  <-  l m� ( y� ~x� )

if we t
�
y6 p/ e my� model , t

�
he disp/ lay6 will b

�
e t

�
he same t

�
han p/ rev? iou7 sly6 . Sev? eral fu7 nct

�
ions allow t

�
he

u7 ser. t
�
o di

�
sp/ l

4
ay6 det

�
ai

�
l

4
s r. el

4
at

�
i

�
v? e t

�
o a st

�
at

�
i

�
st

�
i

�
cal

4
m> odel

4
, am> on5 g t

�
h

�
e u7 sef

<
u7 l

4
on5 es suA m� m� ar y� ( )

di
�
sp/ l

4
ay6 s det

�
ai

�
l

4
s on5 t

�
h

�
e r. esu7 l

4
t

�
s of

<
a m> odel

4
f

<
i

�
t

�
t

�
i

�
n5 g p/ r. ocedu7 r. e (st

�
at

�
i

�
st

�
i

�
cal

4
t

�
est

�
s, ...), r esi duA al s( )

disp/ lay6 s t
�
he regression residu7 als, p� r edi ct

�
( ) disp/ lay6 s t

�
he v? alu7 es p/ redict

�
ed b

�
y6 t

�
he model, and

coef ( )  disp/ lay6 s a v? ect
�
or wit

�
h t

�
he p/ aramet

�
er est

�
imat

�
es.

> suA m� m� ar y� ( m� y� m� odel )

Cal l :
l m( f or muA l a = y�  ~ x)

R
Á

esi duA al s:
      1       2       3       4       5 
 1. 0070 - 1. 0711 - 0. 2299 - 0. 3550  0. 6490 

Coef f i c i en� t
�

s:
            E

¿
st

�
i m� at

�
e St

�
d.  E

¿
r r or  t

�
 v� al uA e P

ù
r ( >| t

�
| )

( I nt
�

er cep� t
�

)    0. 2252     1. 0062   0. 224    0. 837
x�              0. 1809     0. 3034   0. 596    0. 593

R
Á

esi duA al  st
�

an� dar d er r or :  0. 9594 on�  3 degr ees of  f r eedom�
MuA l t

�
i p� l e R- SquA ar ed:  0. 1059,      Adj uA st

�
ed R- squA ar ed:  - 0. 1921 

F
½

- st
�

at
�

i s t
�

i c :  0. 3555 on�  1 an� d 3 degr ees of  f r eedom� ,       p� - v� al uA e:  0. 593

> r esi duA al s( my� model )
         1          2          3          4          5 
 1. 0070047 - 1. 0710587 - 0. 2299374 - 0. 3549681  0. 6489594 

> p� r edi ct
�

( my� model )
        1         2         3         4         5 
0. 4061329 0. 5870257 0. 7679186 0. 9488115 1. 1297044 

> coef ( m� y� m� odel )
( I nt

�
er cep� t

�
)            x  

  0. 2252400   0. 1808929

It
�

may6 b
�
e u7 sefu7 l t

�
o u7 se t

�
hese v? alu7 es in su7 b

�
sequ7 ent

�
comp/ u7 t

�
at

�
ions, for inst

�
ance, t

�
o comp/ u7 t

�
e

p/ redict
�
ed v? alu7 es wit

�
h b

�
y6  a model for new dat

�
a:

> a <-  coef ( m� y� m� odel ) [ 1]
> b

�
 <-  coef ( my� model ) [ 2]

> n� ewº dat
�

a <-  c( 11,  13,  18)
> a + b

�
* newdat

�
a

[ 1]  2. 215062 2. 576847 3. 481312

To list
�

t
�
he element

�
s in t

�
he resu7 lt

�
s of an analy6 sis, we can u7 se t

�
he fu7 nct

�
ion names( ) ; in fact

�
, t

�
his

fu7 nct
�
ion may6  b

�
e u7 sed wit

�
h any6  ob

�
j

V
ect

�
 in R.

> n� am� es( m� y� m� odel )
 [ 1]  " coef f i c i en� t

�
s"   " r esi duA al s"      " ef f ect

�
s"        " r an� k"

 [ 5]  " f i t
�

t
�

ed. val uA es"  " assi gn"         " qr "             " df . r esi duA al "
 [ 9]  " x� l ev� el s"        " cal l "           " t

�
er m� s"          " m� odel "
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�

> names( suA mmar y� ( my� model ) )
 [ 1]  " cal l "           " t

�
er m� s"          " r esi duA al s"      " coef f i c i en� t

�
s"

 [ 5]  " s i gm� a"          " df "             " r . squA ar ed"      " adj . r . squA ar ed"
 [ 9]  " f s t

�
at

�
i s t

�
i c"     " cov� . uA n� scal ed"

T
=

h
�
e el

4
em> en5 t

�
s m> ay6  b

�
e exO t

�
r. act

�
ed i

�
n5  t

�
h

�
e f

<
ol

4
l

4
owi

�
n5 g way6 :

> suA m� m� ar y� ( m� y� m� odel ) [ " r . squA ar ed" ]
$r . squA ar ed
[ 1]  0. 09504547

Formu7 lae are a key6 -ingrediant
�

in st
�
at

�
ist

�
ical analy6 ses wit

�
h R: t

�
he not

�
at

�
ion u7 sed is act

�
u7 ally6 t

�
he

same for (almost
�
) all fu7 nct

�
ions. A formu7 la is t

�
y6 p/ ically6 of t

�
he form y� ~ model where y� is t

�
he

analy6 sed resp/ onse and model is a set
�

of t
�
erms for which some p/ aramet

�
ers are t

�
o b

�
e est

�
imat

�
ed.

T
=

h
�
ese t

�
er. m> s ar. e sep/ ar. at

�
ed wi

�
t

�
h

�
 ar. i

�
t

�
h

�
m> et

�
i

�
c sy6 m> b

�
ol

4
s b

�
u7 t

�
 t

�
h

�
ey6  h

�
av? e h

�
er. e a p/ ar. t

�
i

�
cu7 l

4
ar.  m> ean5 i

�
n5 g.

a+b
� addit

�
iv? e effect

�
s of a and of b�

a: b
� int

�
eract

�
iv? e effect

�
 b

�
et

�
ween a and b�

a* b
� ident

�
ical t

�
o a+b

�
+a: b

�
p� ol y� ( a, n� ) p/ ol

4
y6 n5 om> i

�
al

4
s of

<
 a u7 p/  t

�
o degr. ee n�

^n� i
�
n5 cl

4
u7 des al

4
l

4
i

�
n5 t

�
er. act

�
i

�
on5 s u7 p/ t

�
o l

4
ev? el

4
n� , i

�
.e. ( a+b

�
+c) ^n� i

�
s i

�
den5 t

�
i

�
cal

4
t

�
o

a+b
�

+c+a: b
�

+a: c+b
�

: c

b
�

%i n%a The effet
�
cs of b�  are nest

�
ed in a (ident

�
ical t

�
o a+a: b

� )
a- b

� r. em> ov? es t
�
h

�
e ef

<
f

<
ect

�
of

<
b

� , f
<
or. exO am> p/ l

4
es: ( a+b

�
+c) ^n� - a: b

� i
�
s i

�
den5 t

�
i

�
cal

4
t

�
o

a+b
�

+c+a: c+b
�

: c , y� ~x� - 1 f
<
or. ces t

�
h

�
e r. egr. essi

�
on5 t

�
h

�
r. ou7 gh

�
t

�
h

�
e or. i

�
gi

�
n5 (i

�
d. f

<
or. y� ~x� +0, or.

0+y� ~x� )

W
�

e see t
�
hat

�
arit

�
hmet

�
ic op/ erat

�
ors of R hav? e in a formu7 la a different

�
meaning t

�
han t

�
he one t

�
hey6

hav? e in a classical exp/ ression. For examp/ le, t
�
he formu7 la y� ~x1+x2 defines t

�
he model yé = β1xè 1 +

β2
ú xè 2 + α, and not

�
(if t

�
he op/ erat

�
or + wou7 ld hav? e is u7 su7 al meaning) yé = β(xè 1 + xè 2) + α. To

i
�
n5 cl

4
u7 de ar. i

�
t

�
h

�
m> et

�
i

�
c op/ er. at

�
i

�
on5 s i

�
n5 a f

<
or. m> u7 l

4
a, we can5 u7 se t

�
h

�
e f

<
u7 n5 ct

�
i

�
on5 I ( ) : t

�
h

�
e f

<
or. m> u7 l

4
a

y� ~I ( x� 1+x� 2)  def
<
i

�
n5 es t

�
h

�
e m> odel

4
 yé  = β(xè 1 + xè 2

õ ) + α.

The following t
�
ab

�
le list

�
s st

�
andard p/ ackages which are dist

�
rib

�
u7 t

�
ed wit

�
h b� ase.

P
û

aü cý k
þ
aü gÿ e� D

�
e� s� cý r� i

�
p� t

�
i

�
o� n�

ct est c� la� s� s� ic� a� l t
�
e� s� t

�
s�  (

h
Fis� he� r,j  “S

#
t
�
u( d

�
e� nt

�
” ,j  W8 ilc� o� xo� n,j  Pe� a� rs� o� n,j  Ba� rt

�
le� t

�
t

�
,j  Ko� lmo� g� o� ro� v$ -S

#
mirno� v$ ,j  ...)m

eda me� t
�
ho� d

�
s�  d

�
e� s� c� rib

�
e� d

�
 in “Exp lo� ra� t

�
o� ry�  d

�
a� t

�
a�  a� na� ly� s� is� ”  b

�
y�  Tu( ke� y�

l qs ré
	
s� is� t

�
a� nt

�
 re� g� re� s� s� io� n a� nd

�
 e� s� t

�
ima� t

�
io� n o� f c� o� v$ a� ria� nc� e�

modr eg mo� d
�
e� rn re� g� re� s� s� io� n: s� mo� o� t

�
hing�  a� nd

�
 lo� c� a� l re� g� re� s� s� io� n

mva mu( lt
�
iv$ a� ria� t

�
e�  a� na� ly� s� e� s�

nl s n� o� n� l
"
i

�
n� e� a� r�  r� e� g� r� e� s� s� i

�
o� n�

spl i nes s� p l
"
i

�
n� e� s�

st epf un e� m! p i
�
r� i� c� a� l

"
 d

�
i
�
s� t

�
r� i

�
b
�
u( t

�
i
�
o� n�  f

 
u( n� c� t

�
i

�
o� n� s�

t s t
�
i

�
m! e� -s� e� r� i� e� s�  a� n� a� l

"
y� s� e� s�

A p/ ackage mu7 st
�
 b

�
e loaded in memory6  t

�
o b

�
e u7 sed:

> l i b
�

r ar y� ( eda)
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 The pro� gx raF mming laF nguagew  R

6.z 1 Loop| s�  a} n� d
�

 con� d
�

it
~
ion� a} l e� x� e� cut

~
io� n� s�

An adv? ant
�
age of R comp/ ared t

�
o soft

�
wares wit

�
h p/ u7 ll-down menu7 s is t

�
he p/ ossib

�
ilit

�
y6 t

�
o p/ rogram

simp/ ly6 a series of analy6 ses which will b
�
e execu7 t

�
ed su7 ccessiv? ely6 . Let

�
u7 s consider a few

examp/ les t
�
o get

�
 an idea.

Su7 p/ p/ ose we h
�
av? e a v? ect

�
or. xO , an5 d f

<
or. each

�
el

4
em> en5 t

�
of

<
xO wi

�
t

�
h

�
t

�
h

�
e v? al

4
u7 e b

�
, we wan5 t

�
t

�
o gi

�
v? e t

�
h

�
e

v? al
4
u7 e 0 t

�
o an5 ot

�
h

�
er.  v? ar. i

�
ab

�
l

4
e y6 , el

4
se 1. W

�
e f

<
i

�
r. st

�
 cr. eat

�
e a v? ect

�
or.  y6  of

<
 t

�
h

�
e sam> e l

4
en5 gt

�
h

�
 t

�
h

�
an5  xO :

> y�  <-  nuA mer i c( l engt
�

h( x) )
> f or  ( i  i n�  1: l en� gt

�
h

 
( x� ) )  i f  ( x� [ i ]  == b

�
)  y� [ i ]  <-  0 el se y� [ i ]  <-  1

Sev? eral inst
�
ru7 ct

�
ions can b

�
e execu7 t

�
ed if t

�
hey6  are p/ laced wit

�
hin b

�
races:

> f or  ( i  i n�  1: l en� gt
�

h
 

( x� ) )
> {
>  y� [ i ]  <-  0
. . .
> }

> i f  ( x [ i ]  == b
�

)
> {
>  y� [ i ]  <-  0
. . .
> }

Anot
�
her p/ ossib

�
le sit

�
u7 at

�
ion is t

�
o execu7 t

�
e an inst

�
ru7 ct

�
ion as long as a condit

�
ion is t

�
ru7 e:

> wº h
 

i l e ( m� y� f uA n�  > m� i n� i m� uA m� )
> {
. . .
> }

T
=

y6 p/ i
�
cal

4
l

4
y6 , an5 R p/ r. ogr. am> i

�
s wr. i

�
t

�
t

�
en5 i

�
n5 a f

<
i

�
l

4
e sav? ed i

�
n5 A

P
SCI

@
I

@
f

<
or. m> at

�
an5 d n5 am> ed wi

�
t

�
h

�
t

�
h

�
e

exO t
�
en5 si

�
on5 .R

y
. I

@
n5 t

�
h

�
e f

<
ol

4
l

4
owi

�
n5 g exO am> p/ l

4
e, we wan5 t

�
t

�
o do t

�
h

�
e sam> e p/ l

4
ot

�
f

<
or. t

�
h

�
r. ee di

�
f

<
f

<
er. en5 t

�
sp/ eci

�
es, t

�
h

�
e dat

�
a b

�
ei

�
n5 g i

�
n5 t

�
h

�
r. ee di

�
st

�
i

�
n5 ct

�
f

<
i

�
l

4
es, t

�
h

�
e f

<
i

�
l

4
e n5 am> es an5 d sp/ eci

�
es n5 am> es ar. e so u7 sed as

v? ariab
�
les. The first

�
 command p/ art

�
it

�
ions t

�
he grap/ hic window in t

�
hree arranged as rows.

The charact
�
er # is u7 sed t

�
o add comment

�
s in a p/ rogram, R t

�
hen goes t

�
o t

�
he next

�
line. N

W
ot

�
e t

�
hat

�
t

�
h

�
er. e ar. e n5 o b

�
r. ack

v
et

�
s " " ar. ou7 n5 d f i l e i

�
n5 t

�
h

�
e f

<
u7 n5 ct

�
i

�
on5 r ead. t

�
ab

�
l e( ) si

�
n5 ce i

�
t

�
i

�
s a v? ar. i

�
ab

�
l

4
e of

<
m> ode ch

 
ar act

�
er . T

=
h

�
e com> m> an5 d t

�
i t

�
l e adds a t

�
i

�
t

�
l

4
e on5 a p/ l

4
ot

�
al

4
r. eady6 di

�
sp/ l

4
ay6 ed. A

P
v? ar. i

�
an5 t

�
of

<
t

�
h

�
i

�
s p/ r. ogr. am>  i

�
s gi

�
v? en5  b

�
y6 :

l ay� ouA t
�

( mat
�

r i x( c( 1, 2, 3) ,  3,  1, ) )                 # p� ar t
�

i t
�

i on t
�

he wi ndow
f or ( i  i n�  1: 3)  {
i f  ( i ==1)  {  f i l e <-  " Swal . dat

�
" ;  sp� eci es <-  " swal l ow"  }

i f  ( i ==2)  {  f i l e <-  " Wr en. dat
�

" ;  sp� eci es <-  " wr en"   }
i f  ( i ==3)  {  f i l e <-  " DuA nn. dat

�
" ;  sp� eci es <-  " duA nnock"  }

dat
�

a <-  r ead. t
�

ab
�

l e( f i l e)                        # r ead t
�

he dat
�

a
p� l ot

�
( dat

�
a$V

¼
1,  dat

�
a$V

¼
2,  t

�
y� p� e=" l " )

t
�

i t
�

l e( sp� eci es)                                  # adds t
�

he t
�

i t
�

l e
}
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These p/ rograms will work correct
�
ly6 if t

�
he dat

�
a files * .dat

�
are locat

�
ed in t

�
he working direct

�
ory6

of R; if t
�
hey6 are not

�
, t

�
he u7 ser mu7 st

�
eit

�
her change t

�
he working direct

�
ory6 , or sp/ ecifiy6 t

�
he p/ at

�
h in

t
�
he p/ rogram (for examp/ le: f i l e <- " C: / dat

�
a/ Swal . dat

�
" ). If t

�
he p/ rogram is writ

�
t

�
en in t

�
he

file My6 b
�
irds.R, it

�
 will b

�
e called b

�
y6  t

�
y6 p/ ing:

> souA r ce( " C: / dat
�

a/ M
�

y� b
�

i r ds. R
Á

" )

or. sel
4
ect

�
i

�
n5 g i

�
t

�
wi

�
t

�
h

�
t

�
h

�
e ap/ p/ r. op/ r. i

�
at

�
e p/ u7 l

4
l

4
-down5 m> en5 u7 u7 n5 der. W

�
i

�
n5 dows. N

W
ot

�
e y6 ou7 m u� st

�
u7 se t

�
h

�
e

sy6 mb
�
ol “slash”  (/

U
) and not

�
 “b

�
ackslash”  (\

�
), ev? en u7 nder W

�
indows.

6.z 2�  Wr¶ i
�
t

~
i
�
n� g�  y� our¶  own�  f

¹
u¸ n� c� t

~
io� n� s�

W
�

e hav? e seen t
�
hat

�
most

�
of t

�
he work of R is done wit

�
h fu7 nct

�
ions wit

�
h argu7 ment

�
s giv? en wit

�
hin

p/ arent
�
heses. The u7 ser can act

�
u7 ally6 writ

�
e his/

U
her own fu7 nct

�
ions, and t

�
hey6 will hav? e t

�
he same

p/ rop/ ert
�
ies t

�
han any6 fu7 nct

�
ions in R. W

�
rit

�
ing y6 ou7 r own fu7 nct

�
ions allows y6 ou7 a more efficient

�
,

flexib
�
le, and rat

�
ional u7 se of R. Let

�
u7 s come b

�
ack t

�
o t

�
he ab

�
ov? e examp/ le of reading dat

�
a in a

file, t
�
hen p/ lot

�
t

�
ing t

�
hem. If we want

�
t

�
o do a similar analy6 sis wit

�
h any6 sp/ ecies, it

�
may6 b

�
e a good

a  f
<
u7 n5 ct

�
i

�
on5  t

�
o do t

�
h

�
i

�
s j

V
ob

�
:

Then, we can, wit
�
h a single command, read t

�
he dat

�
a and p/ lot

�
t

�
hem, for examp/ le

my� f uA n( " swal l ow" ,  " Swal . dat
�

" ) . To do as in t
�
he t

�
wo p/ rev? iou7 s p/ rograms, we can t

�
y6 p/ e:

> l ay� ouA t
�

( m� at
�

r i x� ( c( 1, 2, 3) ,  3,  1, ) )
> my� f uA n( " swal l ow" ,  " Swal . dat

�
" )

> m� y� f uA n� ( " wº r en� " ,  " W
�

r en� n� . dat
�

" )
> m� y� f uA n� ( " duA n� n� ock" ,  " D

Ê
uA n� n� . dat

�
" )

A
P

s a secon5 d exO am> p/ l
4
e, h

�
er. e i

�
s a f

<
u7 n5 ct

�
i

�
on5 t

�
o get

�
a b

�
oot

�
st

�
r. ap/ sam> p/ l

4
e wi

�
t

�
h

�
a p/ seu7 do-r. an5 dom> r. e-

sam> p/ l
4
i

�
n5 g of

<
a v? ar. i

�
ab

�
l

4
e xO . T

=
h

�
e t

�
ech

�
n5 i

�
qu7 e u7 sed h

�
er. e i

�
s t

�
o sel

4
ect

�
r. an5 dom> l

4
y6 an5 ob

�
ser. v? at

�
i

�
on5 wi

�
t

�
h

�
t

�
he p/ seu7 do-random nu7 mb

�
er generat

�
or according t

�
o t

�
he u7 niform law ; t

�
he op/ erat

�
ion is rep/ eat

�
ed

as many6 t
�
imes as t

�
he nu7 mb

�
er of ob

�
serv? at

�
ions. The first

�
st

�
ep/ is t

�
o ext

�
ract

�
t

�
he samp/ le size of x

wit
�
h t

�
he fu7 nct

�
ion l engt

�
h and st

�
ore it

�
in n ; t

�
hen x is cop/ ied in a v? ect

�
or named samp� l e (t

�
his

op/ erat
�
ion insu7 res t

�
hat

�
samp� l e will hav? e t

�
he same charact

�
erist

�
ics (mode, ...) t

�
han x). A random

n5 u7 m> b
�
er. u7 n5 i

�
f

<
or. m> l

4
y6 di

�
st

�
r. i

�
b

�
u7 t

�
ed b

�
et

�
ween5 0 an5 d n� i

�
s dr. awn5 an5 d r. ou7 n5 ded t

�
o t

�
h

�
e n5 exO t

�
i

�
n5 t

�
eger. v? al

4
u7 e

u7 si
�
n5 g t

�
h

�
e f

<
u7 n5 ct

�
i

�
on5 cei l i n� g( ) wh

�
i

�
ch

�
i

�
s a v? ar. i

�
an5 t

�
of

<
r ouA n� d( ) (see ?r ouA n� d f

<
or. m> or. e det

�
ai

�
l

4
s an5 d

ot
�
her v? ariant

�
s) : t

�
his resu7 lt

�
s in drawing randomly6 an int

�
eger b

�
et

�
ween 1 and n. The

corresp/ onding v? alu7 e of x is ext
�
ract

�
ed and st

�
ored in samp� l e which is finally6 ret

�
u7 rned u7 sing t

�
he

f
<
u7 n5 ct

�
i

�
on5  r et

�
uA r n� ( ) .

m� y� f uA n�  <-  f uA n� ct
�

i on� ( S,  F
½

)  {
         dat

�
a <-  r ead. t

�
ab

�
l e( F)

         p� l ot
�

( dat
�

a$V
¼

1,  dat
�

a$V
¼

2)
         t

�
i t

�
l e( S)

}

l ay� ouA t
�

( mat
�

r i x( c( 1, 2, 3) ,  3,  1, ) )                 # p� ar t
�

i t
�

i on t
�

he wi ndow
sp� eci es <-  c( " swº al l owº " ,  " wº r en� " ,  " duA n� n� ock" )
f i l e <-  c( " Swº al . dat

�
"  ,  " W

�
r en� . dat

�
" ,  " D

Ê
uA n� n� . dat

�
" )

f or ( i  i n 1: 3)  {
dat

�
a <-  r ead. t

�
ab

�
l e( f i l e[ i ] )                     # r ead t

�
h

 
e dat

�
a

p� l ot
�

( dat
�

a$V1,  dat
�

a$V2,  t
�

y� p� e=" l " )
t

�
i t

�
l e( sp� eci es[ i ] )                               # add t

�
h

 
e t

�
i t

�
l e

}
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Thu7 s, onecan, wit
�
h a few, relat

�
iv? ely6 simp/ le lines of code, p/ rogram a met

�
hod of b

�
oot

�
st

�
rap/ wit

�
h

R. T
=

h
�
i

�
s f

<
u7 n5 ct

�
i

�
on5 can5 t

�
h

�
en5 b

�
e cal

4
l

4
ed b

�
y6 a secon5 d f

<
u7 n5 ct

�
i

�
on5 t

�
o com> p/ u7 t

�
e t

�
h

�
e st

�
an5 dar. d-er. r. or. of

<
an5

est
�
i

�
m> at

�
ed p/ ar. am> et

�
er. , f

<
or.  i

�
n5 st

�
an5 ce t

�
h

�
e m> ean5 :

N
W

ot
�
e t

�
he v? alu7 e b

�
y6  defau7 lt

�
 of t

�
he argu7 ment

�
 r ep� , so t

�
hat

�
 it

�
 can b

�
e omit

�
t

�
ed if we are sat

�
isfied wit

�
h

500 rép/ licat
�
ions. The t

�
wo following commands will t

�
hu7 s hav? e t

�
he same effect

�
:

> m� ean� b
�

oot
�

( x� )
> meanb

�
oot

�
( x,  r ep� =500)

I
@
f

<
 we wan5 t

�
 t

�
o i

�
n5 cr. ease t

�
h

�
e n5 u7 m> b

�
er.  of

<
 r. ep/ l

4
i

�
cat

�
i

�
on5 s, we can5  do, f

<
or.  exO am> p/ l

4
e:

> meanb
�

oot
�

( x,  r ep� =5000)

T
=

h
�
e u7 se of

<
def

<
au7 l

4
t

�
v? al

4
u7 es i

�
n5 t

�
h

�
e def

<
i

�
n5 i

�
t

�
i

�
on5 of

<
a f

<
u7 n5 ct

�
i

�
on5 i

�
s, of

<
cou7 r. se, v? er. y6 u7 sef

<
u7 l

4
an5 d adds t

�
o

t
�
h

�
e f

<
l

4
exO i

�
b

�
i

�
l

4
i

�
t

�
y6  of

<
 t

�
h

�
e sy6 st

�
em> .

The last
�

examp/ le of fu7 nct
�
ion is not

�
p/ u7 rely6 st

�
at

�
ist

�
ical, b

�
u7 t

�
it

�
illu7 st

�
rat

�
es well t

�
he flexib

�
ilit

�
y6 of R.

Consider we wish t
�
o st

�
u7 dy6  t

�
he b

�
ehav? iou7 r of a nonlinear model: Ricker’s model defined b

�
y6 :

N
�

t � 1 � N
�

t exO p/ r 1 �
N

�
t

K

T
=

h
�
i

�
s m> odel

4
i

�
s wi

�
del

4
y6 u7 sed i

�
n5 p/ op/ u7 l

4
at

�
i

�
on5 dy6 n5 am> i

�
cs, p/ ar. t

�
i

�
cu7 l

4
ar. l

4
y6 of

<
f

<
i

�
sh

�
. W

�
e wan5 t

�
, u7 si

�
n5 g a

f
<
u7 n5 ct

�
i

�
on5 , si

�
m> u7 l

4
at

�
e t

�
h

�
i

�
s m> odel

4
wi

�
t

�
h

�
r. esp/ ect

�
t

�
o t

�
h

�
e gr. owt

�
h

�
r. at

�
e r an5 d t

�
h

�
e i

�
n5 i

�
t

�
i

�
al

4
n5 u7 m> b

�
er. i

�
n5 t

�
h

�
e

p/ op/ u7 lat
�
ion N

�
0

� (t
�
he carry6 ing cap/ acit

�
y6 K is oft

�
en t

�
aken equ7 al t

�
o 1 and t

�
his v? alu7 e will b

�
e t

�
aken as

defau7 lt
�
); t

�
he resu7 lt

�
s will b

�
e disp/ lay6 ed as a p/ lot

�
of nu7 mb

�
ers wit

�
h resp/ ect

�
t

�
o t

�
ime. W

�
e will add

an op/ t
�
ion t

�
o allow t

�
he u7 ser t

�
o disp/ lay6 only6 t

�
he nu7 mb

�
ers in t

�
he last

�
t

�
ime st

�
ep/ s (b

�
y6 defau7 lt

�
all

resu7 lt
�
s will b

�
e p/ lot

�
t

�
ed). The fu7 nct

�
ion b

�
elow can do t

�
his nu7 merical analy6 sis of Ricker’s model.

b
�

oot
�

samp�  <-  f uA nct
�

i on( x)  {
          n�  <-  l en� gt

�
h

 
( x� )

          sam� p� l e <-  x�
          f or  ( i  i n 1: n)  {
               uA  <-  cei l i n� g( r uA n� i f ( 1,  0,  n� ) )
               samp� l e[ i ]  <-  x[ uA ]
          }
          r et

�
uA r n� ( sam� p� l e)

}

m� ean� b
�

oot
�

 <-  f uA n� ct
�

i on� ( x� ,  r ep� =500)  {
            M <-  nuA mer i c( r ep� )
            f or  ( i  i n 1: r ep� )  M[ i ]  <-  mean( b

�
oot

�
samp� ( x) )

            p� r i n� t
�

( v� ar ( M
�

) )
}

r i cker  <-  f uA nct
�

i on( nzer o,  r ,  K=1,  t
�

i me=100,  f r om=0,  t
�

o=t
�

i me)  {
          N

À
 <-  n� uA m� er i c( t

�
i m� e+1)

          N[ 1]  <-  nzer o
          f or  ( i  i n�  1: t

�
i m� e)  N

À
[ i +1]  <-  N

À
[ i ] * ex� p� ( r * ( 1 -  N

À
[ i ] / K

�
) )

          Ti me <-  0: t
�

i me
          p� l ot

�
( Ti m� e,  N

À
,  t

�
y� p� e=" l " ,  x� l i m� =c( f r om� , t

�
o) )

}
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Try6  it
�
 y6 ou7 rself wit

�
h:

> l ay� ouA t
�

( m� at
�

r i x� ( 1: 3,  3,  1) )
> r i cker ( 0. 1,  1) ;  t

�
i t

�
l e( " r  = 1" )

> r i cker ( 0. 1,  2) ;  t
�

i t
�

l e( " r  = 2" )
> r i cker ( 0. 1,  3) ;  t

�
i t

�
l e( " r  = 3" )
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The b
�
asic reference on R is a collect

�
iv? e docu7 ment

�
 b

�
y6  it

�
s dev? elop/ ers (t

�
he “R Dev? elop/ ment

�
 Core

Team”):

R
y

 D
�

ev? el
4
op/ m> en5 t

�
 Cor. e T

=
eam> . 2000. A
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�
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�
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U
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U
doc/

U
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4
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U
 R

y
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�
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�
r. o.p/ df

<
.

If y6 ou7 inst
�
all t

�
he last

�
v? ersion of R (1.1.1), y6 ou7 will find in t

�
he direct

�
ory6 RHOME/

U
doc/

U
manu7 al/

U
(RHOME is t

�
he p/ at

�
h where R is inst

�
alled), t

�
hree files in PDF format

�
, inclu7 ding t

�
he “An

Int
�
rodu7 ct

�
ion t

�
o R”, and t

�
he reference manu7 al “The R Reference Index” (refman.p/ df) det

�
ailing

all fu7 nct
�
ions of R.

T
=

h
�
e R

y
-F

X
A

P
Q gi

�
v? es a v? er. y6  gen5 er. al

4
 i

�
n5 t
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�
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�
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P
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�
t

�
m> l
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For t
�
hose int

�
erest

�
ed in t

�
he hist

�
ory6  and dev? elop/ ment

�
 of R:

Ihaka R. 1998. R: Past
�
 and Fu7 t

�
u7 re Hist

�
ory6 .

ht
�
t

�
p/ :/

U
/

U
cran.r-p/ roj
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.org/
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U
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er. e ar. e t

�
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�
r. ee di

�
scu7 ssi

�
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4
i
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�
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�
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�
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Sev? eral st
�
at

�
ist

�
icians hav? e writ

�
t

�
en docu7 ment

�
s on R, for examp/ les:

Alt
�
ham P.M.E. 1998. Int

�
rodu7 ct

�
ion t

�
o generalized linear modelling in R. U

S
niv? ersit

�
y6 of

Camb
�
ridge, St

�
at

�
ist

�
ical Lab

�
orat

�
ory6 . ht

�
t

�
p/ :/

U
/

U
www.st

�
at

�
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�
.cam.ac.u7 k/

U
~p/ at

�
.

Maindonald J
B
.H. 2000. Dat

�
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S
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�
rodu7 ct

�
ion. St

�
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Finally6 , if y6 ou7  ment
�
ion R in a p/ u7 b

�
licat

�
ion, cit

�
e original art

�
icle:

Ihaka R. & Gent
�
leman R. 1996. R: a langu7 age for dat

�
a analy6 sis and grap/ hics. J

I
ourn� aL l of

�

ComJ pK utaL tion� aL l aL n� d
�

 GraL pK h
M

icaL l S
N

taL tis� tics�  5: 299-314
�
.
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