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Making it Go

1" 197 1: +

R (or the appropriate path on your machi ne)

1" 5 " %

Doubl e click on the R icon
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> | 0g2(32)
[1] 5
R P
> sqrt(2) '
[1] 1.414214 e
> seq(0, 5, |ength=6) 5 7
[1] 012345 £
> plot(sin(seq(0,
2%pi, |ength=100))) c I A
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< & )& &% &+ 9+
5 < (1&t! 9+ ! &'
2+3; 4*5; 6- 9 |
5 (7?7 @ ) ) &
| b<-5+9 or b = 5+9 |
[ &<
(1& 9+ 8 &
nmy- < (%
5 . 5171 ( & arrow up key orthe

hi st ory command under the menus

/I < & & %'

I+ &&

% &
& & I % '

%
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& < &% (

hel p(conmand nane)
?command name

> hel p("1s")
>?1s

5 L

met hods(command nane)

& ! ' +

hel p. start ()

%& (&t & ' ' ' & 8 &&+

] &) ( & &

< % &  g&& ) && ( & ( & ")

> args(plot.default)
function (x, y = NULL, type = "p", xlim= NULL, ylim=
NULL,
log ="", main = NULL, sub = NULL, xlab
ylab = NULL,

ann = par("ann"), axes = TRUE, frane. plot
panel . first = NULL,

panel .l ast = NULL, col = par("col"), bg = NA pch =
par ("pch"),
cex =1, Ity = par("lty"), lab = par("lab"), Iwd =
par ("1 wd"),
asp = NA ...)
NULL

NULL,

axes,




> cat<-45

> dog=66

> cat
[1] 45

> dog
[1] 66

> 77 -> rat

> rat
[1 77
&@ (° Y WP
( & [
< & 9 4+l
> a<-¢(1,2,3,4)
> | ength(a)
[1 4
> a
[1] 123 4
9 + %& & & )

> nanme<-c("Jeff", " Sol ka")

> nane

[1]

"Jeff" "Sol ka"

> nane[ 1]

[1]

"Jeff"




&

&9 9 +!

> p<-matrix(nrow=2, ncol =2)

> b

[.11 1.2
[1,] NA NA
[2,] NA  NA
> b[,1] <-c(1, 3)
> b[,2]<-c(2,4)

> b

[,1] [,2]
[1,] 12
(2] 3 4

( &

5 %l ( (& & )&!'& (& % + & (& %&
e (&

fix(ftn nane) for new functions

edit(ftn name) for existing ones

< '+ 1 %&& (' %'3
& + 1 &( & & * &+'08&<#H
1' %' 3 Ce%& &+ ' & <

A( (" < %& # 9




5 & ' & & & "
> xx<-seq(fron¥l, to=5)
> XX
[1] 12345
> xx[ xx>3]
[1] 4 5
5 (& & (& & &'
edi t (nydat a)
[/ +
wi n. gr aph() 1 x11()
dev.list() -! & ( & + ') +
"<
dev.cur() -! &' & & ( &) + "<
dev.off() - ! & ( &) + % ' %
H +H &) 9 +

> x<-rnorn(100)
> y<-rnorn(100)

> plot(x,y)




> search()
[1] ".d obal Env" "package: ctest" "Aut ol oads|
"package: base"

) 3) (+8&("' %' 3
& &10&& ‘& ( ! ) & ) & (
Y ) & &

) 3) (+8&(" 1
+ &#' & I (O )

) & ' 8 &

obj ects()

> obj ects(pattern="coal +")

[1] "coal .krige" "coal . mat" "coal . mp"

[4] "coal.nl1" "coal . predict" "coal.signal"
[7] "coal.var1l" "coal sig. mat"
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rm(x, y)

rn(list=ls(pat = “~x+"))

| "H# #$

%

%

%

%

& 1

o | ogi cal -
( 62

O nuneric-; -
] -

- 2

o conpl ex -$ .-
%

o character -$%

% -

12
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vector -

matrix - , 7
% 2

factor -

data franme-
7% -

list -
% F 2

%

0

0]

0]

2 & $ &

(

&

scan - - 2
[ scan(), scan(“nydata”)

c-$ - 2
[c(1,2,3) |

rep - - 2

[rep(1,5) |




2 & $ & ( &

o :, seq-8 - G 2

> seq(fronel, by=2, t0=10)
[1] 13579

> 1:4
[1] 12 3 4
o vector, logical, nuneric, conplex, character -0
2
vector(‘ nuneric’,4),
| ogi cal (3), nuneric(5)
o matrix-$ , - 2

matri x(1: 6, ncol =3, byr ow=T)
(1] [.2] [.3]

[1,] 1 2 3

[2,] 4 5 6

o chind - 1 % - 2

c(1,2,3)
cbind(1:10,rep(c(1,2),c(5,5)))




&9% &

orbind - 1

( &

% 72

r bi nd(sanpl e(1: 10,

rep=T), rnorm10))

e data.matrix -$

o read.table -

o data.frame -




9% F

>x =5
>z I'ist(original =x, square=x"2)
> z%origina

[1] 5

> z$square

[1] 25

> attributes(z)

$nanes

[1] "original™ "square"
scan ( &
(% - - 1

mat <- matrix(scan(“nydata”), ncol =4, byr ow=T)




read.table ( &

2

0 7 2
0 % - %

- 7 % read.table 7

- 2
header =T

6 7% 2

(% read. csv read. csv2 7% %

H
( % 2

www. onegahat . or g

(% -




dunp, save, | oad

Dunp

: 6-

# & 7

- %
0 save | oad

: 6- B F
> x = 23
>y = 44
> save(x, y, file = "xy.Rdata")
> | oad("xy. Rdata")
> | s()

[1] "l ast.warning X

o * # -
o +

o - -
o/ 9




& & + &
o % # - -
o %% - Integer Divide
0 W% # , #-
;22 (% G
i $ + + &
o != ; +G
0 < (%
0 <= (% +G
0 == +G
o > 8 (%
0 >= 8 (% +G




o | B @ $ -
1 A
o |1 G
$ A
0 & @ $
1 A
0 && G
+ - 13 A

& & ! (

o abs - ? -

o acos, asin, atan-0 ( 12

o acosh, asinh, atanh-0 )
( 12

o ceiling-; , 1 0 1

o floor-; |, 0 2

o cos, sin, tan-( 126-

0 sqrt G




o0 exp |,

o log ;- 1 %
o logl0 1 =2

o mx # , -

o mn # -

8&& ! (

al | 1 3 -

any 1 -

I ength 1% B F
mx # , - ? -
nean % #
nedi an #




8&& ! (

o prod 3 - ? -
o quantile + J-
o sum -

o var ?

o cor $ 7

rev-3- ? - ?

sort ? - ?

order 3 - +

rank ? - ?
match 9 B -

cumsum $- - - ?

cunprod $- - 3 -




ite
7 %
9 K 1 t L -
7 %
7 A
o cat
% 7
0o wite.table
9 , 1- - % 7
o dunp
3 %

7

& & %S & !

$
if (cond) {body}

7% 7 @M -
MVA

for(name in vlaues) {body}
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» All Examplesof Callsto Launch Graphics Window

o win.graph(), x11()
> X = rnorm 100)

> wi n. graph()

> hi st (x)




O&) (& & (!
' . &
0 barplot $ 3
o boxplot $
o hist $ ) 1
o dotchart $ 9 $%
o pie $ 3 $%
(% 17 % % %
%1% 1 %
O&) (& & (!
ﬁ % . &
o plot-$
o qqnorm3 G G
o qqgplot-3 G G 7
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0 contour
0 persp

o image

++! (&

( - % 7 -
- __apply

appl y(nymatri x, 2, neans)
# Conputes colum means or nymatri X

( % - - 7
A
- -1 - 1

surf <- function(x,y) {cos(x) + sin(y)}
x<-seq(-2*pi, 2*pi,|en=40)

y<- X

z<-outer(x,y,surf)

persp(x,y, z)




(& & -1&) ( &
0 parcoord-3
@ G l'i brary( MASS) A

e« pairs $

(&< & -1&) ( &

stars & + &

synmbols -! & I & 1 & #
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&

i nstal |l . packages("scatterplot3d")

i brary(scatterpl ot 3d)

> x = rnorn(100)
>y = rnorm 100)
> z = rnorm 100)
> scatterplot3d(x,y, z)

par ( &

0 par

0 Tosavethecurrent graphics settings
ol dsetti ngs<-par()

* 1 1 %

%

1

%




/[ + : & $ &)
) 1% 1 %
$ 1
B 1- %1% 1 -
-1 %
$ % 1
B 7 % %
8 1 %
7 % % 1
& % 7 % % %
0 1 %
$ K G
(1&t! -1 &- - )
o par(nmfrow=c(2,2))
(% 7 7

o par(nfrow=c(1,1))

%

o plot(x,y, pch="+")

B

%




ﬁ Y& -1 &

N - - - - %
%1% 1 - frame()

& - - % 1
o lines
o Points
0 Hereisauseful trick
plot(x,y,xlim=
c(m nx, maxx), yl i mec(m nx, maxx),type=“n")

ﬁ-&)/+

e File-Print Menu
13 18 % 9

0 Post scri pt 3

o Pdf

o Pi ct ex ,
o Wndows #
opng 3; 8
oJpeg "3+8

o Bnp #3

oXfig 9 0608 1 %




ﬁ$+&)/+ & 8 ) !

jpeg(file="junk.jpg”)
pl ot (x,y, pch="*")

dev. of f ()

ﬁ!& &< - &) ++

#plot in an x11 or wingraph window and then write the
output to a file

> dev.print(bnp, file="myplot.bnmp",
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.




+! ( &
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

+! ( & < &'

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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oy

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

B & &)

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}.




B + &

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.

nypower <- function(x, power) x“power
mypowver (1, 2)
nypower (p=4, 5) ##5"4 not 475

(& )( &

The formal arguments can have default values specified for
them.

nypower <- function(x, power=2) Xx"power
nypower (4)

Now, if only one argument is specified then it is x and power has
the default value of 2.




&Y & & )

Partial argument matching requires that you specify enough of
the name to uniquely identify the argument.

foo <- function(aa=1, ab=2) aa+ab
foo(a=1, 2)

o &)

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

foo <- function(x) Xx[x<5]<-1
foo(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?2

(

Here are two functions that compute the sum of a set of vectors

sunl <- function(x) {
I enx <- | ength(x)
sunx <- 0
for(i in 1:1enx)
sumx <- sumx + Xx[i]
sumnmx

}

sun? <- function(x) {
if(length(x) == 1) return(x)
x[1] + sumR(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.

( && ) ()

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:
> | og(-1)
[1] NaN
War ni ng nmessage:
NaNs produced in: |og(x)

; )

nmessage <- function(x) {
if(x >0
print (AAHel | 0©g)
el se
pri nt (AAGoodbye@g)
}
> x <- log(-1)
War ni ng nessage:
NaNs produced in: |og(x)
> nessage(x)

Error inif (x >0) { : mssing val ue where | ogical
needed

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

> nmessage(l og(-1))
Error inif (x >0) { : mssing val ue where | ogical
needed

In addition: Warni ng nessage:
NaNs produced in: |o0g(x)

> traceback()

1: nessage(log(-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:

$ +H 9% =(

> f(-1)

Error inif (r < 10) r”2 else r*3 : nissing
f <- function(x) [ value where Iogical needed
I'n addi tion: Warning nmessage:

r<- x - g(x) NaNs produced in: |og(x)
r
} What happened here? First, the function f was

hal t ed sonewhere because of a bug.

Furthernore, we got a warning fromtaking the

. | og of a negative nunber. However, it@s not
g < functi On( y) { imedi ately clear where the error occurred
r <-y* h(y) during the execution. Did f fail at the top
level or at sone |ower |evel function? Upon
receiving this error, we could inmmediately run

} traceback to find out:
> traceback()
: 3 h(y)
h <- function(z) { 2 g(x
: 1 f(-1)
r < | OQ(Z) traceback prints the sequence of function
if (r <10) calls in reverse order fromthe top.
) So here, the function on the bottom f, was
called first, then g, then h.
el se r™3 From the traceback output, we
} can see that the error occurred in h and not

inf 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 <- function(nmu, x) {
d <- x - nu

d2 <- d~2
ss <- sum(d2)
ss
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The function SS sinply conputes the sum of
squares. It is witten here in a rather drawn
out fashion for denonstration purposes only.
Now we generate a Normal random sanpl e:

> set.seed(100) ## set the RNG seed so that the
results are reproducible

> X <- rnorn(100)
Here, x contains 100 Normal random devi ates
with (population) nmean 0 and variance 1. W can
run SS to conpute the sum of squares for x and
a given value of mu. For exanpl e,

> SS(1, x)

[1] 208. 1661

1' & + "0

But suppose we wanted to interact with SS and see how it
operates line by line. W need to tag SS for debugging:
> debug( SS)

The fol l owi ng R session shows how SS runs in the
debugger :

> SS(1, X)

debuggi ng in: SS(1, x)

debug: {

d<- x - nu

d2 <- dr2

ss <- sum(d2)

ss

}

Browse[ 1] > n

debug: d <- x - nmu

Browse[ 1] > n

debug: d2 <- d*2

Browse[ 1] > n

debug: ss <- sum(d2)

Browse[ 1] > n

debug: ss

Browse[ 1] > n

exiting from SS(1, x)

[1] 208.1661
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Browse[ 1] >
You are now in what is called the \browser". Here you
can enter one of four basic debug conmands. Typing n
executes the current line and prints the next one. At the
very beginning of a function there is nothing to execute so
typing n just prints the rst line of code. Typing
c executes the rest of the function w thout stopping and
causes the function to return. This is useful if you are
done debugging in the nmiddle of a function and don€t
want to step through the rest of the lines. Typing Qquits
debuggi ng and conpletely halts execution of
the function. Finally, you can type where to show where
you are in the function call stack. This is nuch like
running a traceback in the debugger (but not quite the
sane). Besides the four basic debuggi ng commands
nmenti oned above, you can also type other
rel evant commands. For exanple, typing Is() will show all
objects in the local environnent.
You can al so make assignnments and create new objects while in
the debugger. O course, any new objects created in the |ocal
environment will di sappear when the debugger finishes.
If you want to inspect the value of a particular object in the |ocal
environnment, you can print its value, either by using print or by
sinply typing the name of the object and hitting
return. |f you have objects in your environment with the nanes
n, ¢, or Q then you nust explicitly use the print function to print
their values (i.e. print(n) or print(c)).

& 0

> SS(2, Xx)

debuggi ng in: SS(2, x)
debug: {

d<- x - nmu

d2 <- dr2

ss <- sum(d2)

ss

}

Browse[ 1] > n

debug: d <- x - mu

Browse[ 1] > d[1] ## Print the value of first el ement of
[1] -0.4856523

Browse[ 1] > n

debug: d2 <- d*2

Browse[ 1] > hi st (d2) ## Make a hi stogram (not shown)
Browse[ 1] > n

debug: ss <- sum(d2)

Browse[ 1] > n

debug: ss
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Browse[ 1] > print(ss) ## Show val ue of ss; using print() is
optional here

[1] 503.814

Browse[ 1] > I s()

[1] "d" "d2" "nu" "ss" "x"

Browse[ 1] > where

where 1: SS(2, x)

Browse[ 1] > y <- x"2 ## Create new object

Browse[ 1] > I s()

[1] "d" "d2" "nu" "ss" "x" "y"

Browse[ 1] > y

[1] 2.293249e+00 1.043871e+00 5.158531e-01 3.677514e-01
1. 658905e+00

[... omitted ...]

Browse[ 1] > ¢ ## Execute rest of function wi thout stepping

exiting from SS(2, x)

[1] 503.814

> undebug(SS) ## Renove debugging flag for SS

< )' () & DIE

debug(SS)
> SS(2, Xx)
debugging in: SS(2, x)
debug: {
d < x - nu
d2 <- d~2
ss <- sum(d2)
ss
}
Browse[ 1] > n
debug: d <- x - nmu
Browse[ 1] > n
debug: d2 <- d*2
Browse[ 1] > n
debug: ss <- sun(d2)
Browse[ 1] > debug(sum) ## Flag sum for debuggi ng
Browse[ 1] > n
debugging in: sun(d2)




< )' () & DIE

debug: .Internal (sunm(..., na.rm= na.rm)

Browse[ 1] > where ## Print the call stack; there
are 2 |level s now

where 1: sum(d2)

where 2: SS(2, x)
Browse[ 1] > n

exiting from sunm(d2)
debug: ss

Browse[ 1] > n

exiting from SS(2, x)

[1] 503.814

> undebug(SS); undebug(sum

O+ &$ I & %

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 <- function(m, x) {
d < x - m

d2 <- dn2

br owser ()

ss <- sun(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, Xx)
Called from SS(2, x)
Browse[ 1] > | s()

[1] "d" "d2" "mu" "X"

Browse[ 1] > pri nt (nu)
[1] 2

Browse[ 1] > nean(x)
[1] 0.02176075
Browse[ 1] > n

debug: ss <- sun(d2)
Browse[ 1] > ¢

[1] 503.814

%

trace
1 )

recover
% ( &8 +(+&
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