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� ; <� � � &� �� ) �&�  &�%� �&� +� ��� �� ��� � � �� 9+� � � � �� �

� 5 � ��  � ��  <� �� ( !&�+!� �� 9+� � � � �� � � �� � ��  � � �!�� � �� � + �  &� ' �� � �>
2+3; 4* 5; 6- 9

� 5 � �( � � �? 	 � � �@��� � ��  � �� ) � � � �) � � � � &�
b<- 5+9 or  b = 5+9
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hel p( command name)
?command name

> hel p( " l s" )
> ? l s

� 5 � ��  � � !� � �( � �
met hods( command name)

� � &� !	 �  � � ' �� � !+
hel p. st ar t ( )

� � � � �� � � �  � ' � �%�&� �� ( !&�+!� �� � &� � ' � ��  � � ' �� � �' ��� � � � � &�� � 8� � &�&� +� �

/ � &&�� ) �4 � !+
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/ � &&�� ) �� ( � � &�� � �� � �� � �  &�� �

� � � �<�� %��� �� � �  &�� � �� � �8( � &�&� � � � ) ( � � � &� �&� � ��( � � &�� � �( � � �&� � �� � � �  � ' � � ) �

> ar gs( pl ot . def aul t )
f unct i on ( x,  y = NULL,  t ype = " p" ,  x l i m = NULL,  y l i m = 

NULL,  
l og = " " ,  mai n = NULL,  sub = NULL,  x l ab = NULL,  

y l ab = NULL,  
ann = par ( " ann" ) ,  axes = TRUE,  f r ame. pl ot  = axes,  
panel . f i r st  = NULL,  

panel . l ast  = NULL,  col = par ( " col " ) ,  bg = NA,  pch = 
par ( " pch" ) ,  

cex = 1,  l t y = par ( " l t y" ) ,  l ab = par ( " l ab" ) ,  l wd = 
par ( " l wd" ) ,  

asp = NA,  . . . )  
NULL
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> cat <- 45

> dog=66

> cat
[ 1]  45

> dog
[ 1]  66

> 77 - > r at
> r at
[ 1]  77

� � � &� �@��� �( � � ' ��� � �� +� � ��� �� ) �< !( � � �
�� ��( � � &�� � ��  !!�
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 �<� � &� � �� 9 � +!�
> a<- c( 1, 2, 3, 4)

> l engt h( a)
[ 1]  4

> a
[ 1]  1 2 3 4

� 
 � �� 9 � +!� �%�&� �� �  �  � &� � �� &� �� ) �
> name<- c( " Jef f " , " Sol ka" )

> name
[ 1]  " Jef f "   " Sol ka“

> name[ 1]
[ 1]  " Jef f "
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> b<- mat r i x( nr ow=2, ncol =2)

> b
[ , 1]  [ , 2]  

[ 1, ]    NA   NA
[ 2, ]    NA   NA

> b[ , 1] <- c( 1, 3)
> b[ , 2] <- c( 2, 4)

> b
[ , 1]  [ , 2]  

[ 1, ]     1    2
[ 2, ]     3    4
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� ' �&� ��( � � &�� �

f i x( f t n name)  f or  new f unct i ons

edi t ( f t n name)  f or  exi st i ng ones

� � ��  <� ��  ' �+� � � !� � � �%�&� �&� � � � �( � ' � � �%�� ' � 3

� �&��� �+� � � �� !� �&� �( � � �� &� � � �� ' �&� � � *� � &� + ' 0�8� &0�<��###,

� 1� ' � � �%�� ' � 3 � � � ��  � �� ' �&�%�&� �� � &� + ' � � ' �&� � � ��  <�
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> xx<- seq( f r om=1, t o=5)

> xx

[ 1]  1 2 3 4 5

> xx[ xx>3]

[ 1]  4 5

� 5 � ��  � �� ' �&�� ( � �'  & �� � &��� �� ( � �� ' �&� � �� � � � ��&��� �� � �  &� '
edi t ( mydat a)

; ' �&�� ) �.  & � � &�
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� wi n. gr aph( )  � � ��� �1� � : � � 
� � � x11( )

� dev. l i s t ( )  - !�� &�� ( � � � � &!� �� +� � � ' �) �  +� �� �
' � <�� � �

� dev. cur ( )  - !�� &��' � � &���� � ��� � �&� � �� ( � � � � &�) �  +� �� � � ' � <�� �
� dev. of f ( )  - � !� � � �&� � �� ( � � � � &�) �  +� �� � �%�� ' � %�
� 
 �� �� +!� �+!� &&�� ) �� 9 � +!�

> x<- r nor m( 100)

> y<- r nor m( 100)

> pl ot ( x, y)
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> sear ch( )

[ 1]  " . Gl obal Env"     " package: ct est "  " Aut ol oads"      
" package: base"

� � � )  � �3�� ) �� � ( � �+� � 8� � &� �( � ' � � �%�� ' � 3
� 
 !&� � �  &�<� !� 0�� & �&�� � � ' �&� � � �( � � ���!� �� � �  � ) � �' �� �&� �� �  � ) � �&� �� � ( � �

' �� � � &� � � �� ���� &� � � � &
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obj ect s( )

> obj ect s( pat t er n=" coal +" )

[ 1]  " coal . kr i ge"    " coal . mat "      " coal . mp"      
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o dump
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� $� � � �� �� � � �� � � � � � 
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i f  ( cond)  { body}

� � � 	 � � � � � 7%��� � �� � � � � � ��� 7 � � � @MM� - � � � � � � � � � � � �� � � � �� �
� � � � �� �� MMA

f or ( name i n v l aues)  { body}
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o wi n. gr aph( ) ,  x11( )  

• All Examples of Calls to Launch Graphics Window

� � �� �� � 	
 �
 � � � � 	


> x = r nor m( 100)

> wi n. gr aph( )

> hi st ( x)
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- � � appl y

appl y( mymat r i x , 2, means)

# Comput es col umn means or  mymat r i x

� ( � � � � 	 � � 	 
 � � %� � � - � � 	 � � 	 � � - 
 � � � � � � � � � 7 � � � � 
 � � 	 � � @� 	 �

 � � 	 �
 � � A
� : � � � - �� � � 	 � 
 � 
 � - � �� 1� � � � - � 
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sur f  <- f unct i on( x, y)  { cos( x)  + s i n( y) }

x<- seq( - 2* pi ,  2* pi , l en=40)

y<- x
z<- out er ( x, y, sur f )

per sp( x, y, z)
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o par coor d- 3�� � � � � � � � 	 � ��� �� 
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 � � � �� � � �� � � � � � @	 � C- �	 � � � l i br ar y( MASS) A

• pai r s � $	 � � � � � � � � � � �	 � � � 	 � � 
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i nst al l . packages( " scat t er pl ot 3d" )

l i br ar y( scat t er pl ot 3d)

> x = r nor m( 100)
> y = r nor m( 100)

> z = r nor m( 100)

> scat t er pl ot 3d( x, y, z)
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o par
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o To save the cur rent graphics settings

ol dset t i ngs<- par ( )

� * � 
 � � � 1� 	 �� � � � � � 1	 � � %�
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o par ( mf r ow=c( 2, 2) )

� ( %�� � � � � 
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o par ( mf r ow=c( 1, 1) )
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o pl ot ( x, y, pch=“ +” )

� B � � 	 	 �� � � � %� � � � � � - �� � � �� � � �� 1� � � 
 � � �

� ( !&�+!� �- !� &� �- � � �-  ) �



� � � � � � � �	 � 
 � � � � 	 
 � � � 
 � 	
� � � � � ��

� N� - � 
 � � � 
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 � �� � � � 	 f r ame( )

� & � � 
 � � � - � � � �� � � � �� � � �� � �� � � � - � 
 � �� � � � � � � � � � � � %�� 1� � � � � � �� � �
o l i nes

o Poi nt s

o Here is a useful tr ick
pl ot ( x, y, x l i m = 

c( mi nx, maxx) , y l i m=c( mi nx, maxx) , t ype=“ n” )
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• Fi l e- Pr i nt   Menu
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j peg( f i l e=“ j unk. j pg” )

pl ot ( x, y, pch=“ * ” )

dev. of f ( )

$ +&( � �� ) �/ �  +� �� � �&� � �8+� ) �� �!�
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#plot in an x11 or wingraph window and then write the 
output to a file

>  dev. pr i nt ( bmp,  f i l e=" mypl ot . bmp" ,  
wi dt h=1024,  hei ght =768)
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� R functions are defined using the reserved word function. Following 
that must come the argument list contained in round brackets, (). The 
argument list can be empty. These arguments are called the formal 
arguments to the function.

� Then comes the body. The body of the function can be any R 
expression (and is generally a compound expression). 

� When the function is called or evaluated the user supplies actual values 
for the formal arguments which are used to evaluate the body of the 
function.

� All R functions take arguments (the number could be zero, though) and 
return a value. The value can be returned either by an explicit call to 
the function return or it can be the value of the last statement in the 
function.
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function() 1

� This function has no arguments

� This function just returns the value 1

� This function is not so useful because we did not save it
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simplefun <- function() 1
� This defines our function

simplefun()
� This of course merely returns a 1

simplefun(1)
� This does not work because we are offering up an unused 

argument

simplefun
� This of course merely returns the function definition
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sf2 <- function(x) x^2

sf2(3)
� What do you think that this returns?

sf3 <- function(x) if(x<3) return(x^2) else 4
� What are the formal arguments to this function?

> sf3(2)
[1] 4
> sf3(4)
[1] 4
> sf3(-1)
[1] 1
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� Argument matching is done in a few different ways. 

� One is positional, the arguments are matched by their positions.
� The first supplied argument is matched to the first formal argument and so on. 

� A second method is by name. 
� A named argument is matched to the formal argument with the same name. 
� Name matching takes precedence over positional matching.

� The specific rules for argument matching are a bit complicated but 
generally name matching happens first, then positional matching is 
used for any unmatched arguments.

� For name matching a type of partial matching is used { this makes it 
easy to use long names for the formal arguments when writing a 
function but does not force the user to type them in}.
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� There is a special argument named .... 
� This argument matches all unmatched arguments and hence it is 

basically a list. 
� It provides a means of writing functions that take a variable number 

of arguments.

mypower <- f unct i on( x,  power )  x^power
mypower ( 1,  2)

mypower ( p=4,  5)  ##5^4 not  4^5
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� The formal arguments can have default values specified for 
them.

mypower <- f unct i on( x,  power =2)  x^power
mypower ( 4)

� Now, if only one argument is specified then it is x and power has 
the default value of 2.
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� Partial argument matching requires that you specify enough of 
the name to uniquely identify the argument.

f oo <- f unct i on( aa=1,  ab=2)  aa+ab
f oo( a=1,  2)
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� R is among a class of languages roughly referred to as having 
pass by value semantics. 

� That means that the arguments to a function are copied and the 
function works on copies rather than on the original values. 
Because R is a very flexible language this can (like just about 
everything else) be circumvented. 

� It is a very bad idea to do so.
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x<- 1: 10
f oo <- f unct i on( x)  x[ x<5] <- 1
f oo( x)
x

� Notice that x is unchanged. 
� Notice also that the expression foo(x) did not seem to return a value.

y <- foo(x)
Y

� Now, we see that it did, it returned the value 1. 
� This is probably not what we intended. What does a function return? 
� What is the value of the statement
x[ x<5] <- 1?
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� Here are two functions that compute the sum of a set of vectors

sum1 <- f unct i on( x)  {
l enx <- l engt h( x)
sumx <- 0
f or ( i  i n 1: l enx)
sumx <- sumx + x[ i ]
sumx

}

sum2 <- f unct i on( x)  {
i f ( l engt h( x)  == 1)  r et ur n( x)
x[ 1]  + sum2( x[ - 1] )

}
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� The basic object to work with is a package.

� Packages are simply a collection of folders that are organized 
according to some conventions.

� A package has a DESCRIPTION file that explains what is in the 
package.

� It will also have two folders.
� One named R that contains your R code

� One named man that contains the documentation for the functions.
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� R documentation is written in a LATEX like syntax called Rd. 

� You don't need to know very much about it since you can use 
the R function prompt to create the documentation and then 
simply edit it.
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� The R system has two main ways of reporting a problem in executing a 

function. 
� One is a warning while the other is a simple error. 

� The main difference between the  two is that warnings do not halt 
execution of the function. 

� The purpose of the warning is to tell the user that something unusual 
happened during the execution of this function, but the function was 
nevertheless able to execute to completion." 

� One example of getting a warning is when
you take the log of a negative number:
> l og( - 1)
[ 1]  NaN
War ni ng message:
NaNs pr oduced i n:  l og( x)

; � � � � �� � � �  ) � � ��� ��
message <- f unct i on( x)  {

i f ( x > 0)
pr i nt ( ÁÁHel l o©©)

el se
pr i nt ( ÁÁGoodbye©©)

}
> x <- l og( - 1)
War ni ng message:
NaNs pr oduced i n:  l og( x)
> message( x)
Er r or  i n i f  ( x > 0)  {  :  mi ssi ng val ue wher e l ogi cal  

needed

> x <- 4
> message( x)
[ 1]  " Hel l o"
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� The call stack is the sequence of function calls that leads to an error

> message( l og( - 1) )
Er r or  i n i f  ( x > 0)  {  :  mi ssi ng val ue wher e l ogi cal  

needed
I n addi t i on:  War ni ng message:
NaNs pr oduced i n:  l og( x)
> t r aceback( )
1:  message( l og( - 1) )

� Here, traceback shows in which function the error occurred. However, 
since only one function was in fact called, this information is not very 
useful. It's clear that the error occurred in the message function. Now, 
consider the following function definitions:
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f  <- f unct i on( x)  {
r  <- x - g( x)
r

}

g <- f unct i on( y)  {
r  <- y *  h( y)
r

}

h <- f unct i on( z)  {
r  <- l og( z)
i f  ( r  < 10)

r ^2
el se r ^3

}

> f ( - 1)
Er r or  i n i f  ( r  < 10)  r ^2 el se r ^3 :  mi ss i ng 
val ue wher e l ogi cal  needed
I n addi t i on:  War ni ng message:
NaNs pr oduced i n:  l og( x)

What  happened her e? Fi r st ,  t he f unct i on f  was 
hal t ed somewher e because of  a bug.  
Fur t her mor e,  we got  a war ni ng f r om t aki ng t he 
l og of  a negat i ve number .  However ,  i t ©s not  
i mmedi at el y  c l ear  wher e t he er r or  occur r ed 
dur i ng t he execut i on.  Di d f  f ai l  at  t he t op 
l evel  or  at  some l ower  l evel  f unc t i on? Upon 
r ecei v i ng t hi s er r or ,  we coul d i mmedi at el y r un 
t r aceback t o f i nd out :
> t r aceback( )
3:  h( y)
2:  g( x)
1:  f ( - 1)
t r aceback pr i nt s  t he sequence of  f unct i on 
cal l s i n r ever se or der  f r om t he t op.  
So her e,  t he f unct i on on t he bot t om,  f ,  was 
cal l ed f i r s t ,  t hen g,  t hen h.  
Fr om t he t r aceback out put ,  we
can see t hat  t he er r or  occur r ed i n h and not  
i n f  or  g.
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� debug takes a single argument | the name of a function.

� When you pass the name of a function to debug, that function is 
tagged for debugging. 

� In order to unflag a function, there is the corresponding undebug
function. When a function is flagged for debugging, it does not 
execute on the usual way. Rather, each statement in the 
function is executed one at a time and the user can control 
when each statement gets executed. After a statement is 
executed, the function suspends and the user is free to interact
with the environment. This kind of functionality is what most 
programmers refer to as “using the debugger" in other 
languages.

� � � � � � � �	 � 
 � � � � 	 
 � � � 
 � 	
� � � � � ��

� ( � �� � � �- � � � !� �

SS <- f unct i on( mu,  x)  {

d <- x - mu

d2 <- d^2
ss <- sum( d2)

ss

}
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� The f unct i on SS si mpl y comput es t he sum of  
squar es.  I t  i s  wr i t t en her e i n a r at her  dr awn 
out  f ashi on f or  demonst r at i on pur poses onl y.  

� Now we gener at e a Nor mal  r andom sampl e:

> set . seed( 100)  ## set  t he RNG seed so t hat  t he 
r esul t s ar e r epr oduci bl e

> x <- r nor m( 100)

� Her e,  x cont ai ns 100 Nor mal  r andom devi at es 
wi t h ( popul at i on)  mean 0 and var i ance 1.  We can 
r un SS t o comput e t he sum of  squar es f or  x and 
a gi ven val ue of  mu.  For  exampl e,

> SS( 1,  x)

[ 1]  208. 1661
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But  suppose we want ed t o i nt er act  wi t h SS and see how i t
oper at es l i ne by  l i ne.  We need t o t ag SS f or  debuggi ng:
> debug( SS)
The f ol l owi ng R sessi on shows how SS r uns i n t he
debugger :
> SS( 1,  x)
debuggi ng i n:  SS( 1,  x )
debug:  {
d <- x - mu
d2 <- d^2
ss <- sum( d2)
ss
}
Br owse[ 1] > n
debug:  d <- x - mu
Br owse[ 1] > n
debug:  d2 <- d^2
Br owse[ 1] > n
debug:  ss <- sum( d2)
Br owse[ 1] > n
debug:  ss
Br owse[ 1] > n
exi t i ng f r om:  SS( 1,  x )
[ 1]  208. 1661
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Br owse[ 1] >
You ar e now i n what  i s cal l ed t he \ br owser " .  Her e you
can ent er  one of  f our  basi c debug commands.  Typi ng n
execut es t he cur r ent  l i ne and pr i nt s t he nex t  one.  At  t he
ver y begi nni ng of  a f unct i on t her e i s not hi ng t o execut e so
t ypi ng n j ust  pr i nt s t he r st l i ne of  code.  Typi ng
c execut es t he r est  of  t he f unc t i on wi t hout  st oppi ng and
causes t he f unct i on t o r et ur n.  Thi s i s usef ul  i f  you ar e 
done debuggi ng i n t he mi ddl e of  a f unct i on and don©t
want  t o st ep t hr ough t he r est  of  t he l i nes.  Typi ng Q qui t s
debuggi ng and compl et el y hal t s execut i on of
t he f unct i on.  Fi nal l y ,  you can t ype wher e t o show wher e
you ar e i n t he f unct i on cal l  st ack.  Thi s  i s much l i ke
r unni ng a t r aceback i n t he debugger  ( but  not  qui t e t he
same) .  Besi des t he f our  basi c debuggi ng commands
ment i oned above,  you can al so t ype ot her
r el evant  commands.  For  exampl e,  t ypi ng l s( ) wi l l  show al l
obj ect s  i n t he l ocal  envi r onment .
You can al so make ass i gnment s and cr eat e new obj ect s whi l e i n
t he debugger .  Of  cour se,  any new obj ect s  cr eat ed i n t he l ocal  
envi r onment  wi l l  di sappear  when t he debugger  f i ni shes.
I f  you want  t o i nspec t  t he val ue of  a par t i cul ar  obj ec t  i n t he l ocal
envi r onment ,  you can pr i nt  i t s  val ue,  ei t her  by usi ng pr i nt  or  by 
s i mpl y t ypi ng t he name of  t he obj ect  and hi t t i ng
r et ur n.  I f  you have obj ect s i n your  envi r onment  wi t h t he names
n,  c,  or  Q,  t hen you must  expl i c i t l y  use t he pr i nt  f unct i on t o pr i nt  
t hei r  val ues ( i . e.  pr i nt ( n)  or  pr i nt ( c) ) .
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> SS( 2,  x)
debuggi ng i n:  SS( 2,  x)
debug:  {
d <- x - mu
d2 <- d^2
ss <- sum( d2)
ss
}
Br owse[ 1] > n
debug:  d <- x - mu
Br owse[ 1] > d[ 1]  ## Pr i nt  t he val ue of  f i r s t  el ement  of  d
[ 1]  - 0. 4856523
Br owse[ 1] > n
debug:  d2 <- d^2
Br owse[ 1] > hi st ( d2)  ## Make a hi st ogr am ( not  shown)
Br owse[ 1] > n
debug:  ss <- sum( d2)
Br owse[ 1] > n
debug:  ss
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Br owse[ 1] > pr i nt ( ss)  ## Show val ue of  ss;  usi ng pr i nt ( )  i s 

opt i onal  her e
[ 1]  503. 814
Br owse[ 1] > l s( )
[ 1]  " d"  " d2"  " mu"  " ss"  " x"
Br owse[ 1] > wher e
wher e 1:  SS( 2,  x)
Br owse[ 1] > y <- x^2 ## Cr eat e new obj ect
Br owse[ 1] > l s( )
[ 1]  " d"  " d2"  " mu"  " ss"  " x"  " y"
Br owse[ 1] > y
[ 1]  2. 293249e+00 1. 043871e+00 5. 158531e- 01 3. 677514e- 01 

1. 658905e+00
[ . . .  omi t t ed . . . ]
Br owse[ 1] > c ## Execut e r est  of  f unct i on wi t hout  s t eppi ng
exi t i ng f r om:  SS( 2,  x)
[ 1]  503. 814
> undebug( SS)  ## Remove debuggi ng f l ag f or  SS
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> debug( SS)
> SS( 2,  x)
debuggi ng i n:  SS( 2,  x)
debug:  {
d <- x - mu
d2 <- d^2
ss <- sum( d2)
ss
}
Br owse[ 1] > n
debug:  d <- x - mu
Br owse[ 1] > n
debug:  d2 <- d^2
Br owse[ 1] > n
debug:  ss <- sum( d2)
Br owse[ 1] > debug( sum)  ## Fl ag sum f or  debuggi ng
Br owse[ 1] > n
debuggi ng i n:  sum( d2)
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debug:  . I nt er nal ( sum( . . . ,  na. r m = na. r m) )

Br owse[ 1] > wher e ## Pr i nt  t he cal l  s t ack;  t her e 
ar e 2 l evel s now

wher e 1:  sum( d2)
wher e 2:  SS( 2,  x)

Br owse[ 1] > n

exi t i ng f r om:  sum( d2)

debug:  ss

Br owse[ 1] > n
exi t i ng f r om:  SS( 2,  x)

[ 1]  503. 814

> undebug( SS) ;  undebug( sum)
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� It is possible to do a kind of \manual debugging" if you don't feel like stepping 

through a function line by line. 
� The function browser can be used to suspend execution of a function so that the 

user can browse the local environment.
� Suppose we edited the SS function from above to look like:
SS <- f unct i on( mu,  x)  {
d <- x - mu
d2 <- d^2
br owser ( )
ss <- sum( d2)
ss
}
Now, when the function reaches the third statement
in the program, execution will suspend
and you will get a Browse[1]> prompt, much like in
the debugger.
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> SS( 2,  x)
Cal l ed f r om:  SS( 2,  x)
Br owse[ 1] > l s( )
[ 1]  " d"  " d2"  " mu"  " x"
Br owse[ 1] > pr i nt ( mu)
[ 1]  2
Br owse[ 1] > mean( x)
[ 1]  0. 02176075
Br owse[ 1] > n
debug:  ss <- sum( d2)
Br owse[ 1] > c
[ 1]  503. 814
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