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U MAT 356 R Tutorial, Spring 2004 fiome |

0. R Basics

0.1. What isR?

R is a software package especially suitable foa datlysis and graphical representation. Funcaods
results of analysis are all stored as objectswatig easy function modification and model buildify.
provides the language, tool, and environment inane/enient package.

It is very flexible and highly customizable. Ex&glt graphical tools make R an ideal environment for
EDA (Exploratory Data Analysis). Since most higldEfunctions are written in R language itself, you
can learn the language by studying the functiorecod

On the other hand, R has a few weaknesses. Fopdxaris not particularly efficient in handlingdge
data sets. Also, it is rather slow in executingrgé number of for loops, compared to compiler
languages such as C/C++. Learning curve is somestbep compared to "point and click” software.

0.2 Wheredo | get R?
There are versions for Unix, Windows, and Macintashof them are free, and Windows version is
downloadable at:

http://cran.us.r - project.org/bin/windows

and follow the download instructior
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E : Copyright Z003, The R Development Core Teanm
Version 1.7.0 (2002-04-164)

R iz free software and comes with ABSOLUTELY NO WARRANTY .
You are welcome to redistribute it under certain conditions.
Type “license() ' or "licence()' for distribution details.

R iz a collaborative project with many contributors.
Type “contributors{)' for more information.

Tyvpe “demc{) " for some demos, “helpi() " for on-line help, or
‘help.start(} " for a HTML browser interface to help.
Tvpe “gi} " to gquit R.

[Freviously saved workspace restored]

|

il iIJ
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|R 1.7.0-A Language and Emvironment

0.3 Invoking R

If properly installed, usually R has a shortcutni@m the desktop screen and/or you can find it unde
Start|Programs|R menu. If not, search and runxbeutable file rgui.exe by double clicking from the
search result window.

To quit R, typeg() at the R prompt) and press Enter key. A dialog box will ask whetivesave the

objects you have created during the session sdhegtwill become available next time you invoke R.
Click Cancel this time.

@ Save workspace image?

{5 le] Cancel

Commands you entered can be easily recalled andietbdust by hitting the arrow keys in the
keyboard, you can navigate through the recentlgredtcommands.

> objects() # list the names of all objects

>rm(datal) #remove the object named datal from the current environment
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1. Graphics. a few examples

In addition to standard plots such as histogramg¢barts, pie charts and so forth, R provides an
impressive array of graphical tools. The followswyies of plots shows a few of the extensive gigbhi
capabilities of R.

Simple Use of Color In a Plot
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Motor Trend Cars : stars(*, full = F)
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z=Sinc(yx*+y?)

Interactive graphics can serve as a great leatowlg Students can quickly grasp the role of otslienc
influential points in a simple linear regressiontbg following example.
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> library(tcltk)
> demo(tkcanvas)

Flot Demonstration !Elm
This window displays a canvas widget containing a
simple 2-dimensional plot. You can doctor the data by
dragging any of the points with mouse button 1.

A Simple Plot
250.0r o
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Effect of kernel choice, sample size and bandwidti be conveniently illustrated by the following
demonstration:

> library(tcltk)
> demo(tkdensity)
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2. Basic Operations

2.1 Computation
First of all, R can be used as an ordinary calouldthere are a few examples:

>2+3*5 # Not e the order of operations.

> log (10) # Natural logarithmw th base e=2.718282
> 402 # 4 raised to the second power

> 3/2 # Division

>sqrt (16) # Squar e root

>abs (3-7) # Absol ute val ue of 3-7

> pi # The nysterious nunber

> exp(2) # exponential function

> 15 %/% 4 # This is the integer divide operation

> # This is a comment |ine
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Assignment operatok{) stores the value (object) on the right side of é&xpression in the left side.
Once assigned, the object can be used just aslaranr component of the computation. To find out
what the object looks like, simply type its namet&ithat R is case sensitive, e.g., object naes
ABC, Abc are all different.

> x<-109(2.843432) *pi

> X

[1] 3.283001

> sqrt(x)

[1] 1.811905

> floor(x) # largest integer less than or eq ual to x (Gauss number)
[1]3

> ceiling(x)  # smallest integer greater than o r equal to x

(1] 4

R can handle complex numbers, too.
> X<-3+2i

> Re(x) # Real part of the complex number X
[1]3

> Im(x) # Imaginary part of x

[1]2

> y<- -1+1i

> X+y

[1] 2+3i

> x*y

[1] -5+1i

Important note: since there are many built-in functions in R, makre that the new object names you
assign are not already used by the system. A simg@jeof checking this is to type in the name you
want to use. If the system returns an error mestiggg you that such object is not found, it efesto
use the name. For exampdgfor concatenate) is a built-in function used tonbine elements so
NEVER assign an object to

2.2 Vector

R handles vector objects quite easily and intuijive

> x<-¢(1,3,2,10,5) #create a vector x with 5 com ponents

> X

[1]1 32105

>y<-1:5 #create a vector of consecuti ve integers
>y

1112345

> y+2 #scalar addition

[1134567

> 2%y #scalar multiplication

[1] 2 4 6 810

> yn2 #raise each component to the second power
[1] 1 4 91625

> 20y #raise 2 to the first through fifth power

http://www.math.ilstu.edu/dhkim/Rstuff/Rtutor.hi 5/9/200¢



Statistical Computing with R: A tutor

[1] 2 4 81632

>y #y itself has not been unchan
[1]112345

> y<-y*2

>y #it is now changed

[1] 2 4 6 810

More examples of vector arithmetic:

> x<-¢(1,3,2,10,5); y<-1.5 #two or more statements

> X+y

[1] 2 5 51410

> x*y

[1] 1 6 64025

> xly

[1] 1.0000000 1.5000000 0.6666667 2.5000000 1.00000
> XNy

[1] 1 9 810000 3125

> sum(Xx) #sum of elements in x
[1] 21

> cumsum(Xx) #cumulative sum vector
[1] 1 4 61621

> diff(x) # first difference

[1] 2-1 8-5

> diff(x,2) #second difference
[1]173

> max(x) #maximum

[1] 10

> min(x) #minimum

[1]1

Sorting can be done usisgrt() command:
> X

[11 1 3210 5

> sort(x) # increasing order

[11 1 2 3510

> sort(x, decreasing=T) # decreasing order

[1]10 53 21

ged

are separated by semicolons

00

Component extraction is a very important part aftgecalculation.

> X

[1] 132105

> length(x) # number of elements in x
[1]5

> X[3] # the third element of x

[1]2

> X[3:5] # the third to fifth element

[1] 210 5

> x[-2] # all except the second eleme
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[1]1 2105
> X[x>3] # list of elements in x great er than 3
[1]10 5

Logical vector can be handy:
> x>3
[1] FALSE FALSE FALSE TRUE TRUE

Pagell of 40

> as.numeric(x>3)  # as.numeric() function coerc es logical components to numeric
[1]00011

> sum(x>3) # number of elements in x gre ater than 3

[1]2

> (L:length(x))[x<=2] # indices of x whose componen ts are less than or equal to 2
[1]13

> z<-as.logical(c(1,0,0,1)) # numeric to logical ve ctor conversion

>z

[1] TRUE FALSE FALSE TRUE

Character vector:

> colors<-c("green”, "blue", "orange", "yellow", "r ed")
> colors
[1] "green" "blue" "orange" "yellow" "red"

Individual components can be named and referengeldir names.

> names(x) # check if any names are atta ched to x

NULL

> names(x)<-colors # assign the names using the character vector
> names(x)

[1] "green" "blue" "orange" "yellow" "red"

> X
green blue orange yellow red
1 3 2 10 5

> x["green"] # component reference by its name
green
1
> names(X)<-NULL  # names can be removed by ass igning NULL
> X
[1]1 32105

col ors

seq()and rep() provide convenient ways to a construct vectorf @&itertain pattern.

> seq(10)
[111234567 8910
> seq(0,1,length=10)

[1] 0.0000000 0.1111111 0.2222222 0.3333333 0.4444 444 0.5555556 0.6666667

[8] 0.7777778 0.8888889 1.0000000

> se(q(0,1,by=0.1)
[1]10.00.210.20.30.40.50.60.70.80.91.0
> rep(1,3)

[1]111

> c(rep(1,3),rep(2,2),rep(-1,4))
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M11122-1-1-1-1

> rep("Small”,3)

[1] "Small" "Small" "Small"

> c(rep("Small",3),rep("Medium",4))

[1] "Small" "Small" "Small" "Medium" "Medium" "M edium" "Medium"
> rep(c("Low","High"),3)

[1] "Low" "High" "Low" "High" "Low" "High"

2.3 Matrices
A matrix refers to a numeric array of rows and cohs. One of the easiest ways to create a mattix is
combine vectors of equal length using cbind(), nmeatcolumn bind":
> X
[1] 132105
>y
[1112345
> ml<-cbind(x,y);m1
Xy

1] 11
[2,] 32
3] 23
[4,]10 4
[5] 55
> t(ml) # transpose of m1

(.11 .21 [.3] [.4] [.5]
x 1 3 210 5
y 1 2 3 4 5

> ml<-t(cbind(x,y)) # Oryou can combine them an d assign in one step

> dim(m1) # 2 by 5 matrix

[1]125

> ml<-rbind(x,y) # rbind() is for row bind an d equivalent to t(cbind()).

Of course you can directly list the elements aretgp the matrix:
> m2<-matrix(c(1,3,2,5,-1,2,2,3,9),nrow=3);m2
[1][.21 [.3]
1] 1 5 2
2] 3 -1 3
B] 2 2 9

Note that the elements are used to fill the fildtimn, then the second column and so on. To fill-
wise, we specifypyrow=T option:
> m2<-matrix(c(1,3,2,5,-1,2,2,3,9),ncol=3,byrow=T); m2
(11 [.2] [,3]
1] 1 3 2
2] 5 -1 2
3] 2 3 9

Extracting the component of a matrix involves onéanm indices.
>m2
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[11[.2] [.3]

1] 1 3 2

2] 5 -1 2

B] 2 3 9

>m2[2,3] #element of m2 at the second r ow, third column

[1] 2

>m2[2,] #second row

[1] 5-1 2

>m2[,3] #third column

[1]1229

> m2[-1,] #submatrix of m2 without the f irst row
[11[.2] [.3]

1] 5 -1 2

2] 2 3 9

> m2[,-1] #ditto, sans the first column
[1][.2]

[1] 3 2

[2] -1 2

3] 3 9

> m2[-1,-1] #submatrix of m2 with the firs t row and column removed
[11[.2]

[1] -1 2

2] 3 9

Matrix computation is usually done component-wise.
> ml<-matrix(1:4, ncol=2); m2<-matrix(c(10,20,30,40 ),ncol=2)
> 2*ml # scalar multiplication
[1][.2]
[1] 2 6
2] 4 8
> ml+m2 # matrix addition
[1][.2]
[1] 11 33
[2,] 22 44
> ml*m2 # component-wise multiplicati on
[11[.2]
[1,] 10 90
[2,] 40 160

Note that m1*m2 is NOT the usual matrix multipliceit. To do the matrix multiplication, you shot
use%*%operator instead.

> ml %*% m2

[1]1[.2]
[1] 70 150
[2,] 100 220

> solve(ml) #inverse matrix of m1

[11[.2]
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[1] -2 1.5
[2,] 1-0.5
> solve(m1)%*%m1 #check if it is so
(1] [.2]
1] 1 O
[2] 0 1
> diag(3) #diag() is used to construct a k by k identity matrix
[1][.2] [.3]
1] 12 0 O
2] 0 1 0O
3] 0 0 1
> diag(c(2,3,3)) #as well as other diagonal m atrices
[11[.2] [.3]
1] 2 0 O
2] 0 3 O
3] 0 0 3

Eigenvalues and eigenvectors of a matrix is hanijedgen() function:
> eigen(m2)

$values

[1] 53.722813 -3.722813

$vectors

L1 [2]
[1,] -0.5657675 -0.9093767
[2,] -0.8245648 0.4159736

2.4 Finding roots. a ssimple example
A built-in R functionuniroot() can be called from a user defined functioot.fun() to compute the
root of a univariate function and plot the graphha function at the same time.

> y.fun<-function (x)
{y<-(log(x))"2-x*exp(-x"3)
}

> root.fun<- function ()

{ x<-se(q(0.2,2,0.01)
y<-y.fun(x)
win.graph()

abline(h=0)

rl <- uniroot(y.fun,lower=0.2,upper=1)$root

r2 <- uniroot(y.fun,lower=1,upper=2)$root

cat("Roots : ", round(r1,4), " ", round(r2 ,4),"\n")
}

> root. fun()

http://www.math.ilstu.edu/dhkim/Rstuff/Rtutor.hi 5/9/200¢



Statistical Computing with R: A tutor Pagels of 40

L
o
|
o |
L
o
Lo \_//
< | | | |
0.5 1.0 1.5 2.0
X

2.5 Data frame

Data frame is an array consisting of columns ofote mode (numeric, character, etc). Small to
moderate size data frame can be constructefdtbyrame() function. For example, we illustrate how
to construct a data frame from the car data*:

|M ake ||M odel ||Cy|inder ||Weight ||M ileage ||Type |
[Honda |[Civic V4 2170 133 [Sporty |
[Chevrolet |Beretta V4 2655 26 [Compact |
IFord |Escort V4 2345 133 [Small |
[Eagle [Summit V4 2560 133 [Small |
[Volkswagen |Jetta V4 2330 |26 l[Small |
[Buick |Le Sabre lve 13325 123 Large |
[Mitsubishi |Galant V4 2745 125 [Compact |
[Dodge |Grand Caravan lve 13735 18 Van |
[Chrysler INew Yorker Ve 13450 22 [Medium |
Acura |Legend Ve 13265 20 [Medium |

*Source: adapted from a built-in data set fuel.frame.

> Make<-c("Honda","Chevrolet","Ford","Eagle","Volks wagen","Buick","Mitsbusihi",
+ "Dodge","Chrysler","Acura”)
> Model<-c("Civic","Beretta","Escort","Summit”,"Jet ta","Le Sabre","Galant",

+ "Grand Caravan","New Yorker","Legend")
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Note that the plus sign (+) in the above commamesatomatically inserted when the carriage reisi
pressed without completing the list. Save somentypy usingep() command. For examplesp

("v4"5) instructs R to repeat V4 five times.

> Cylinder<-c(rep("Vv4",5),"V6","V4" rep("V6",3))
> Cylinder
[1] "V4" "V4" "V4" "V4" V4" "VE" V4" "'VE" "VEe" "

> Weight<-c(2170,2655,2345,2560,2330,3325,2745,3735

> Mileage<-c(33,26,33,33,26,23,25,18,22,20)
> Type<-c("Sporty","Compact”,rep("Small",3),"Large"
("Medium",2))

V6"
,3450,3265)

,"Compact","Van",rep

Now data.frame() function combines the six vectors into a singladeame.

> Car<-data.frame(Make,Model,Cylinder,Weight,Mileag
> Car

Make Model Cylinder Weight Mileage
1 Honda Civic V4 2170 33
2 Chevrolet Beretta V4 2655 26
3 Ford Escort V4 2345 33
4 Eagle Summit V4 2560 33
5 Volkswagen Jetta V4 2330 26
6 Buick  Le Sabre V6 3325 23
7 Mitsbusihi Galant V4 2745 25
8 Dodge Grand Caravan vVé 3735 18
9 Chrysler New Yorker V6 3450 22
10  Acura Legend V6 3265 20

> names(Car)
[1] "Make" "Model" "Cylinder" "Weight" "Mi

e, Type)

Type
Sporty
Compact
Small
Small
Small
Large
Compact
Van
Medium
Medium

leage" "Type"

Just as in matrix objects, partial information b&neasily extracted from the data frame:

> Car[1,]
Make Model Cylinder Weight Mileage Type
1 Honda Civic V4 2170 33 Sporty

In addition, individual columns can be referencgdheir labels:

> Car$Mileage

[1] 33 26 333326 2325182220

> Carl,5] #equivalent expression, less infor

> mean(Car$Mileage) #average mileage of the 10 v
[1] 25.9

> min(Car$Weight)

[1] 2170

table() command gives a frequency table:
> table(Car$Type)

Compact Large Medium Small Sporty Van
2 1 2 3 1 1
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If the proportion is desired, type the followingnemand instead:
> table(Car$Type)/10

Compact Large Medium Small Sporty Van
02 01 02 03 01 01

Note that the values were divided by 10 because e that many vehicles in total. If you don'na
to count them each time, the following does thektri
> table(Car$Type)/length(Car$Type)

Cross tabulation is very easy, too:
> table(Car$Make, Car$Type)

Compact Large Medium Small Sporty Van

Acura O 0 1. 0 0 O
Buick O 1 0 0 0 O
Chevrolet 1 0O 0 O O o
Chrysler 0 0O 1 0 0 O
Dodge O 0O 0 0 0 1
Eagle O 0 0 1 0 O
Ford 0 0O 0 1 0 O
Honda O 0 0 0 1 O
Mitsbusihi 1 0O 0 0 0 O
Volkswagen 0 O 0 1 0 O

What if you want to arrange the data set by vemaeght?order() gets the job done.
> j<-order(Car$Weight);i
[1] 15342710698

> Carli,]

Make Model Cylinder Weight Mileage Type
1 Honda Civic V4 2170 33 Sporty
5 Volkswagen Jetta V4 2330 26 Small
3 Ford Escort V4 2345 33 Small
4 Eagle Summit V4 2560 33 Small
2 Chevrolet Beretta V4 2655 26 Compact
7 Mitsbusihi Galant V4 2745 25 Compact
10  Acura Legend V6 3265 20 Medium
6 Buick  Le Sabre V6 3325 23 Large
9 Chrysler New Yorker V6 3450 22 Medium
8 Dodge Grand Caravan V6 3735 18 Van

2.6 Creating/editing data objects
>y
1112345

If you want to modify the data object, use editf)dtion and assign it to an object. For example, th
following command opens notepad for editing. Alditing is done, choose File | Save and Exit from
Notepad

> y<-edit(y)
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If you prefer entering the data.frame in a spreadshtyle data editor, the following command inv®ke
the built-in editor with an empty spreadsheet.

> datal<-edit(data.frame())

After entering a few data points, it looks likesthi

= Data Editor N o] x|
varl vars Vars vard vars =
I aa 0.234
2N 2 bb 0.432
= sl D:e32
4 |4 dd Bszh
<
- e
7
B. -
< | | v 4

You can also change the variable name by clickimgeaon the cell containing it. Doing so opens a
dialog box:

-}_f‘ Variable editor _>‘<__j

warable name |var3| |

type @ numeric ¢ character

When finished, clicl x| in the upper right cornettioé dialog box to return to the Data Editor window.
Close the Data Editor to return to the R commanatlaw (R Console). Check the result by typing:
> datal

3. Moreon R Graphics

Not only R has fancy graphical tools, but alscai$ lall sorts of useful commands that allow use
control almost every aspect of their graphical autp the finest details.

3.1 Histogram
We will use a data sétel.frame which is based on makes of cars taken from thel APAO issue of
Consumer Reports.

> fuel.frame<-read.table("c:/fuel-frame.txt", heade r=T, sep=",")
> names(fuel.frame)
[1] "row.names" "Weight" "Disp." "Mileage" "Fuel”  "Type"

> attach(fuel.frame)
attach()  allows to reference variables in fuel.frame withthe cumbersomigel.frame$  prefix.

In general, graphic functions are very flexible amuitive to use. For exampleist) produces a
histogrampoxplot()  does a boxplot, etc.

> hist(Mileage)

> hist(Mileage, freq=F) # if probability instead of frequency is desired
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Histogram of Mileage
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Let us look at the Old Faithful geyser data, whgh built-in R data set.

> data(faithful)

> attach(faithful)

> names(faithful)

[1] "eruptions” "waiting"

> hist(eruptions, seq(1.6, 5.2, 0.2), prob=T)
> lines(density(eruptions, bw=0.1))

> rug(eruptions, side=1)
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Histogram of eruptions
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3.2 Boxplot
> boxplot(Weight) # usual vertical b oxplot
> boxplot(Weight, horizontal=T) # horizontal boxpl ot

> rug(Weight, side=2)

3000

2000

If you want to get the statistics involved in thexplots, the following commands show them. In this
examplea$stats  gives the value of the lower end of the whiskeg, first quartile (25th percentile),
second quartile (median=50th percentile), thirdrilea(75th percentile), and the upper end of the
whisker.

> a<-boxplot(Weight, plot=F)
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> a$stats
(1]
[1,] 1845.0
[2,] 2567.5
[3,] 2885.0
[4,] 3242.5
[5,] 3855.0
>a #gives additional information
> fivenum(Weight) #directly obtain the five numb er summary
[1] 1845.0 2567.5 2885.0 3242.5 3855.0

Boxplot is more useful when comparing grouped data.example, side-by-side boxplots of weights
grouped by vehicle types are shown below:

> boxplot(Weight ~Type)

> title("Weight by Vehicle Types")

Weight by Vehicle Types
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On-line help is available for the commands:
> help(hist)
> help(boxplot)

3.3 plot()
plot() is a general graphic command with numerous options
> plot(Weight)

The following command produce a scatterplot withigideon the -axis and Mileage on the-axis.
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> plot(Weight, Mileage, main="Weight vs. Mileage")
A fitted straight line is shown in the plot by ex¢iag two more commands.

> fit<-Im(Mileage~Weight)
> abline(fit)

Weight vs. Mileage

Mileage

0
O
[ [ I [
2000 2500 3000 3500
Weight
3.4 matplot()
matplot()  is used to plot two or more vectors of equal langt
> y60<-c(316.27, 316.81, 317.42, 318.87, 319.87, 31 9.43, 318.01, 315.74, 314.00,
313.68, 314.84, 316.03)
> y70<-c(324.89, 325.82, 326.77, 327.97, 327.91, 32 7.50, 326.18, 324.53, 322.93,
322.90, 323.85, 324.96)
> y80<-c(337.84, 338.19, 339.91, 340.60, 341.29, 34 1.00, 339.39, 337.43, 335.72,
335.84, 336.93, 338.04)
> y90<-¢(353.50, 354.55, 355.23, 356.04, 357.00, 35 6.07, 354.67, 352.76, 350.82,
351.04, 352.69, 354.07)
> y97<-¢(363.23, 364.06, 364.61, 366.40, 366.84, 36 5.68, 364.52, 362.57, 360.24,

360.83, 362.49, 364.34)

> CO2<-data.frame(y60, y70, y80, y90, y97)
> row.names(C0O2)<-c("Jan", "Feb",

"Mar","Apr","May","Jun","Jul","Aug","Sep","Oct","No v","Dec")
> CO02
y60 y70 y80 y90 y97

Jan 316.27 324.89 337.84 353.50 363.23

Feb 316.81 325.82 338.19 354.55 364.06

Mar 317.42 326.77 339.91 355.23 364.61

Apr 318.87 327.97 340.60 356.04 366.40

May 319.87 327.91 341.29 357.00 366.84

Jun 319.43 327.50 341.00 356.07 365.68

http://www.math.ilstu.edu/dhkim/Rstuff/Rtutor.hi 5/9/200¢



Statistical Computing with R: A tutor

Jul 318.01 326.18 339.39 354.67 364.52
Aug 315.74 324.53 337.43 352.76 362.57
Sep 314.00 322.93 335.72 350.82 360.24
Oct 313.68 322.90 335.84 351.04 360.83
Nov 314.84 323.85 336.93 352.69 362.49
Dec 316.03 324.96 338.04 354.07 364.34
> matplot(CO2)

Page23 of 40

Note that the observations labeled 1 representtrghly CO2 levels for 1960, 2 represents thos:
1970, and so on. We can enhance the plot by chauiginline types and adding axis labels and titles:

> matplot(CO2,axes=F,frame=T,type='b',ylab=
> #axes=F: initially do not draw axis

> #frame=T: box around the plot is drawn;

> #type=b: both line and character represent a seri
> #ylab="": No label for y-axis is shown;

> #ylim=c(310,400): Specify the y-axis range

> axis(2) # put numerical annotations at the tickma
> axis(1, 1:12, row.names(CO2))

> # use the Monthly names for the tickmarks in x-ax
> title(xlab="Month")  #label for x-axis;

> title(ylab="CO2 (ppm)")#label for y-axis;

> title("Monthly CO2 Concentration \n for 1960, 197
> # two-line title for the matplot
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Monthly CO2 Concentration
for 1960, 1970, 1980, 1990 and 1997
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4. Plot Options

4.1 Multiple plotsin a single graphic window

You can have more than one plot in a graphic windeov examplepar(mfrow=c(1,2)) allows you to
have two plots side by sidgar(mfrow=c(2,3)) allows 6 plots to appear on a page (2 rows of 3 plots
each). Note that the arrangement remains in egigdtyou change it. If you want to go back to thee

plot per page setting, typgar(mfrow=c(1,1))

4.2 Adjusting graphical parameters
4.2.1 Labels and title; axis limits

Any plot benefits from clear and concise labelschitgreatly enhances the readability.
> plot(Fuel, Weight)

If the main title is too long, you can split it intwo and adding a subtitle below the horizontas debel

IS easy:
> title(main="Title is too long \n so split it into two",sub="subtitle goes here")
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subtitle goes here
By default, when you issue a plot command R insat&ble name(s) if it is available and figure$ ou
the range of x axis and y axis by itself. Sometiy@ms may want to change these:
> plot(Fuel, Weight, ylab="Weight in pounds", ylim= ¢(1000,6000))

Similarly, you can specify xlab and xlim to changexis. If you do not want the default labels to
appear, specifylab="", ylab="" . This give you a plot with no axis labels. Of cemiyou can add
the labels after using appropriate statements mvit() statement.

> plot(Mileage, Weight, xlab="Miles per gallon", yl ab="Weight in pounds", xlim=c
(20,30),ylim=c(2000,4000))
> title(main="Weight versus Mileage \n data=fuel.fr ame;", sub="Figure 4.1")

4.2.2 Types for plots and lines

In a series plot (especially time series plot) etyppovides useful options:
> par(mfrow=c(2,2))

> plot(Fuel, type="1"); title("lines")

> plot(Fuel, type="b"); title("both™)

> plot(Fuel, type="0"); title("overstruck")

> plot(Fuel, type="h"); title("high density")
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Also you can specify the line types using Ity argmtnwithin plot() command:

> plot(Fuel, type="1", Ity=1) #t he usual series plot

> plot(Fuel, type="1", Ity=2) #shows dotted line instead. Ity can go up to 8.
> plot(Fuel, type="1", lty=1); title(main="Fuel dat a", sub="Ity=1")

> plot(Fuel, type="1", Ity=2); title(main="Fuel dat a", sub="lty=2")

> plot(Fuel, type="1", Ity=3); title(main="Fuel dat a", sub="Ity=3")

> plot(Fuel, type="I", lty=4); title(main="Fuel dat a", sub="Ity=4")
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Note that we can control the thickness of the liog Iwd=1 (default) throughwd=5 (thickest).
4.3 Colorsand characters

You can change the color by specifying

> plot(Fuel, col=2)

which shows a plot with different color. The detaslcol=1 . The actual color assignment depends on
the system you are using. You may want to experiwgh different numbers. Of course you can
specify thecol option together with other options such as typkyompch option allows you to choose
alternative plotting characters when making a g-type plot. For example, the comme
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> plot(Fuel, pch="M") # plots with M.
4.4 Controlling axisline

bty ="n"; No box is drawn around the plot, althoupk x and y axes are still drawn.
bty="0"; The default box type; draws a four-sidexklaround the plot.

bty="c"; Draws a three-sided box around the plahi& shape of an uppercase "C."
bty="I"; Draws a two-sided box around the plot e tshape of an uppercase "L."
bty="7"; Draws a two-sided box around the plothe shape of a square numeral "7."
> par(mfrow = c¢(2,2))

> plot(Fuel)

> plot(Fuel, bty="1")

> plot(Fuel, bty="7")

4.5 Controlling tick marks

tck parameter is used to control the length of tickkwatck=1 draws grid lines. Any positive value
between 0 and 1 draws inward tick marks for eath #tso with some more work you can have tick
marks of different lengths, as the following exaenghows.

> plot(Fuel, main="Default")

> plot(Fuel, tck=0.05, main="tck=0.05")

> plot(Fuel, tck=1, main="tck=1")

> plot(Fuel, axes=F, main="Different tick marks for each axis")

> #axes=F suppresses the drawing of axis

> axis(1)# draws x-axis.

> axis(2, tck=1, Ity=2) # draws y-axis with horizon tal grid of dotted line
> box()# draws box around the remaining sides.

4.6 Legend

legend() is useful when adding more information to the &xgsplot.

In the following example, the legend() command says

(1) put a box whose upper left corner coordinates<80 andy=3.5 ;

(2) write the two texts Fuel and Smoothed Fuel imithe box together with corresponding symbols
described in pch and Ity arguments.

>par(mfrow = c(1,1))

>plot(Fuel)

>lines(lowess(Fuel))

>legend(30,3.5, c("Fuel","Smoothed Fuel"), pch="*" , Ity=c(0,1))
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If you want to keep the legend box from appearadyl bty="n" to the legend command.
4.7 Putting text to the plot; controlling the text size

mtext() allows you to put texts to the four sides of th&.Starting from the bottorgide=1) , it goes
clockwise to side 4. The plot command in the exanspippresses axis labels and the plot itselfstt ju
gives the frame. Also shown is the use®f (character expansion) argument which controls the
relative size of the text characters. By defawdk is set to 1, so graphics text and symbols agpdhe
default font size. Witleex=2 , text appears at twice the default font size() statement allows
precise positioning of the text at any specifiethpd-irst text statement puts the text within the
guotation marks centered»atls, y=4.3 . By using optional argumeatj , you can align to the left
(adj=0 ) such that the specified coordinates are thestgpbint of the text.

> plot(Fuel, xlab="", ylab="", type="n")

> mtext("Text on side 1, cex=1", side=1,cex=1)

> mtext("Text on side 2, cex=1.2", side=2,cex=1.2)

> mtext("Text on side 3, cex=1.5", side=3,cex=1.5)

> mtext("Text on side 4, cex=2", side=4,cex=2)

> text(15, 4.3, "text(15, 4.3)")

> text(35, 3.5, adj=0, "text(35, 3.5), left aligned "
> text(40, 5, adj=1, "text(40, 5), right aligned")
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4.8 Adding symbolsto plots

abline()  can be used to draw a straight line to a plot.
abline(a,b) a=y-intercept, b=slope.

abline(h=30)  draws a horizontal line at y=30.
abline(v=12) draws a vertical line at x=12.

4.9 Adding arrow and line segment

> plot(Mileage, Fuel)

> arrows(23,3.5,24.5,3.9)

> segments(31.96713,3.115541, 29.97309,3.309592)
> title("arrow and segment")

> text(23,3.4,"Chrysler Le Baron V6", cex=0.7)
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4.10 I dentifying plotted points
While examining a plot, identifying a data pointbuas possible outliers can be achieved using
identify() function.

> plot(Fuel)

> identify(Fuel, n=3)

After pressing return, R waits for you to identffy=3) points with the mouse. Moving the mouse curso
over the graphics window and click on a data pdihen the observation number appears next to the
point, thus making the point identifiable.

4.11 Managing graphics windows

Normally high level graphic commanchist(), plot(), boxplot(), ...) produce a plot which
replaces the previous one. To avoid this,wisgraph()  to open a separate graphic window. Even if
more than one graphics windows are open, only dndaw is active, i.e., as long as you don't change
the active window, subsequent plotting commandkshibw the plot in that particular window.

dev.cur()  gives the current active windovgv.list() lists all available graphics windowsgv.set

(0 changes the active windodgv.off()  closes the current graphic window, ayabhics.off()

closes all the open graphics windows at once. folh@ving examples assume that currently no graphic
window is open.

> for (i in 1:3) win.graph() #open three graphic windows
> dev.list()
windows windows windows
2 3 4
> dev.cur()
windows
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4
> dev.set(3) #change the current window to w indow 3
windows
3
> dev.cur() #check it
windows
3
> dev.off() #close the current window and w indow 4 is active
windows
4
> dev.list()
windows windows
2 4
> graphics.off() # now close all three
> dev.list()
NULL

5. Statistical Analysis

5.1 Descriptive statistics

summary() returns five number summary plus mean for numesator and returns the frequencies for
categorical vector.

> fuel.frame<-read.table("c:/fuel_frame.txt", heade r=T, sep=",")
> names(fuel.frame)
[1] "row.names" "Weight" "Disp." "Mileage" "Fuel"  "Type"

> attach(fuel.frame)
> summary(Mileage)
Min. 1st Qu. Median Mean 3rd Qu. Max.
18.00 21.00 23.00 24.58 27.00 37.00
> summary(fuel.frame)

row.names  Weight Disp.

Acura.Legend.V6 :1 Min. :1845 Min. : 0.73
Audi.80.4 :1 1stQu.:2571 1st Qu.:113.75
Buick.Century.4 :1 Median :2885 Median :144.50
Buick.Le.Sabre.V6 :1 Mean :2901 Mean :136.92
Buick.Skylark.4 :1 3rd Qu.:3231 3rd Qu.:180.00
Chevrolet.Beretta.4: 1 Max. :3855 Max. :305.00
(Other) :54

Mileage Fuel Type
Min. :18.00 Min. :2.703 Compact:15
1st Qu.:21.00 1st Qu.:3.704 Large :3
Median :23.00 Median :4.348 Medium :13
Mean :24.58 Mean :4.210 Small :13
3rd Qu.:27.00 3rd Qu.:4.762 Sporty : 9
Max. :37.00 Max. :5.556 Van :7

var() returns the sample variance, sd() the sample stdraviation, and cor() the sample correlation
coefficient between two vectors:
> var(Mileage)
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[1] 22.95904

> sd(Mileage)

[1] 4.791559

> cor(Mileage,Weight)
[1] -0.8478541

5.2 Empirical distribution function

> library(stepfun) # call a library of functions

> F20<-rnorm(20)  # generate a normal random sa mple of size 20
> plot.ecdf(F20,main="Empirical distribution functi on")

Empirical distribution function
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5.3 One sample and two samplet tests

Recall the CO2 data (CO2 concentration in the apinexe). The following command performs a one-
sample t-test whether the average CO2 level foyéae 1960 is 320 ppm. By default, it does a two-
sided test and extremely small p-value indicatasttie null hypothesis is rejected for any reastmab
choice of alpha.

> t.test(CO2$y60, mu=320)
One Sample t-test
data: CO2$y60
t =-5.5183, df = 11, p-value = 0.0001812

alternative hypothesis: true mean is not equal to 3 20
95 percent confidence interval:
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315.4502 318.0448
sample estimates:
mean of x
316.7475

Now we perform a tw-sample independent t-test of equal mean for th2 @@l of 1960 and 1970.
We assume that the variances for the two populsme equal. The average concentrations are
significantly different, just as the test shows.

> t.test(CO2$y60, CO2$y70,var.equal=T)
Two Sample t-test

data: CO2$y60 and CO2%y70

t=-11.1522, df = 22, p-value = 1.602e-10

alternative hypothesis: true difference in means is not equal to 0
95 percent confidence interval:

-10.40088 -7.13912

sample estimates:

mean of x mean of y

316.7475 325.5175

Paired t-test is also available. All you have tasito includepaired=T within t.test() argument

5.4 Checking nor mality
Quite a few statistical tests are based on the alitsnof the underlying population. Here we illusstie
normal plot and Kolmogorov-Smirnov test to cheok tilormality assumption.

> #generate 500 observations from uniform (0,1) dis tribution

> F500<-runif(500);a<-c(mean(F500),sd(F500))

> qqnorm(F500) #normal probability plot

> qqline(F500) #ideal sample will fall near the straight line
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Normal Q-Q Plot
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Obviously the curve is far from the straight lireevge strongly suspect the normality (if we didmibly
that the generated data came from uniform). We dtlyntest the normality by performing Kolmogorov-
Smirnov test, comparing the empirical distributafrF500 to a comparable normal distribution with th
mean and standard deviation same as that of F500.

> ks.test(F500, "pnorm", mean=a[1], sd=a[2])

One-sample Kolmogorov-Smirnov test

data: F500
D = 0.0655, p-value = 0.02742
alternative hypothesis: two.sided

5.5 Analysis of variance
ANOVA is an extension of a two-sample t test, tggthe equality of means of more than two groups.
In the example below, we usev() function to test the equality of average weightyahicle type.
> a<-aov(Weight~Type)
> summary(a)
Df Sum Sq Mean Sq F value Pr(>F)
Type 511161777 2232355 36.035 4.855e-16 ok
Residuals 54 3345331 61951
Signif. codes: 0 “*** 0.001 **' 0.01 **' 0.05 . '0.1°'1
> boxplot(Weight~Type) #side-by-side boxplot
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5.6 Linear regression model
Im() fits a linear regression modelimmary() returns rich information for the fit.

> attach(fuel.frame)
> names(fuel.frame)
[1] "row.names" "Weight" "Disp." "Mileage" "Fuel"  "Type"

> fitl<-Im(Mileage~Weight+Disp.)
>fitl  #gives model specification and regressi on coefficients

Call:
Im(formula = Mileage ~ Weight + Disp.)

Coefficients:
(Intercept) Weight Disp.
44.379702 -0.006044 -0.016540

> summary(fitl) #more information is available

Call:
Im(formula = Mileage ~ Weight + Disp.)

Residuals:
Min 1Q Median 3Q Max
-4,5726 -1.5814 -0.2569 1.8499 4.6783

Coefficients:

Estimate Std. Error t value Pr(>|t|)
(Intercept) 44.379702 2.654526 16.719 < 2e-16 * **
Weight  -0.006044 0.001188 -5.088 4.23e-06 * o
Disp. -0.016540 0.007641 -2.165 0.0346 *

Signif. codes: 0 "*** 0.001 **' 0.01 *' 0.05 ". 0171
Residual standard error: 2.485 on 57 degrees of fre edom
Multiple R-Squared: 0.7402, Adjusted R-squared: 0.7311
F-statistic: 81.21 on 2 and 57 DF, p-value: < 2.2e -16

> names(fitl)
[1] "coefficients

residuals" "effects" "rank"

[5] "fitted.values" "assign" "qr" "df.residual”
[9] "xlevels" “call" "terms" "model"
> plot(fitl$fitted.values,fitl$residuals) #residual plot

If no intercept term is desired, use the followommmand:
> fit2<-Im(Mileage~ -1+Weight+Disp.)

Usual diagnostic plots can be obtained by regugstiot(fitl):
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> par(mfrow=c(2,2))

> plot(fitl)
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6. Miscellanies

6.1 Data import/export

Small to moderate size data sets can be easilydthnding tools presented so far. However, quiten
we have a garden variety of data sources fromltatdling programs. By far the easiest way to import
and export the data in R is using text files. Séwgedata in plain text format which may be importec
different software. That way, you can easily viéw tlata using any of the capable text editor even
when the original software that produced the dataoilonger available.

write.table() outputs the specified data frame to a file. A klapace is used to separate columns
whensep="" " is specified within its argument. Other popularicks include commas¢p="" ), and
tab cep="t" ).

> CO2 # data frame
> write.table(CO2, file="c:/CO2.txt", sep="")

_Io/x]

Eile Edit Search Help

""gEB" "yrer "yse" "yaou” "yar" -]
“Jan™ 316.27 324.89 337.84 353.5 363.23

“"Feb" 316.81 325.82 338.19 354.55 364.06
“Mar® 317.42 326.77 339.91 355.23 364.61
"Apr” 318.87 327.97 340.6 356.04 366.4
“May” 319.87 327.91 341.29 357 366.84
"Jun” 319 .43 327.5 341 356.07 365.68

“Jul” 318.01 326.18 339.39 354.67 364.32
"Aug” 315.T7H 324.53 337.43 352.76 362.57
“Sep” 314 322.93 335.72 350.82 360.24
"Oct” 313.68 322.9 335.84 351.04 360.83
"Nou" 314.84 323.85 336.93 352.69 362.49 =

o o

On the other handegad.table() reads in an external text file and creates afdatae. For example, if
the first line of the text data file file.dat costs of variable names, the following command walltbe
job:

> datal<-read.table("c:/file.dat", header=TRUE)

getwd() returns the current working directory asedwd() changes it.

> getwd()

[1] "C:\\Program Files\\R\\rw1070"

> setwd("c:/") # set the root directory as the w orking directory

> getwd()

[1] "c:\\

> read.table(file="CO2.txt")

> # now pathname is not required to read data files in the root directory

6.2 Saving graphical output
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' R Graphics: Device 2 (ACTIVE) ] - 0] x|

Capyas metafile

Copy as bitmag
Save as metafile...
— T Save 88 postscript.

o | : Erint...

o :

S

o

o | &

o

Right clicking anywhere inside the active grapmasdow shows a context sensitive menu, allowing
either saving the plot as metafile (EMF) or pospddormat (PS). On the other hand, Copy as metafil
or Copy as bitmap (BMP) puts the information in ¢hipboard, a temporary memory area used by
Windows. In the latter, you need to immediatelytpaisin some applications which understand the
graphics format, e.g., MS Word. More graphical fatsnare available from the main menu. While the
graphic window is active, click File| Save As frone menu and it lists six file formats (metafile,
postscript, PDF, PNG, BMP, and JPG at three quigitgls) in total so you have plenty of choices.

Some comments on the choice of graphic formatgaveder. In general metafile format retains gra;
quality even when it is resized in the applicatiom. the other hand, JPG is a very popular choicéen
Internet and file size is usually much smaller thaetafile. Except for rare circumstances, | woubtl n
recommend BMP file format because it is usuallyyuvarge and shows very poor picture quality when
resized. Postscript file format is useful when uglthg the graphic file in another postscript filewehen
postscript printer is available. Picture qualityedaot deteriorate when resized, and it is theutlfite
format to be included in TeX documents.

6.3 Missing values
NA (Not Applicable) is used to denote missing valugince many functions returns NA if miss
values are present, we illustrate how to handimthe

> X #contains a missing valu e

[1] 1 2 3 4 5NA

> mean(x) #doesn't work

[1] NA

> is.na(x) #returns a logical vecto r

[1] FALSE FALSE FALSE FALSE FALSE TRUE

> sum(is.na(x)) #number of NA's in the v ector
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> x1<-x[lis.na(x)];x1  #retain only non-missing cases

[1112345

> a<-mean(x[lis.na(x)]);a #compute the average val ue of the non-missing cases
[1]3

> X2<-X

> x2[is.na(x)]<-a;x2 #impute the missing by t he average value
[11123453

The following example shows how to select thosgvlse nonmissing cases.
> data?
varl var2 var3

123 aa

4 3.2 <NA>

3 54 bc

NA 2.7 ed
5 341 dd
> al<-lis.na(data2$varl);al #TRUE if nonmissing for varl
[1] TRUE TRUE TRUE FALSE TRUE
> a2<-lis.na(data2$var2);a2
[1] TRUE TRUE TRUE TRUE TRUE
> a3<-lis.na(data2%var3);a3
[1] TRUE FALSE TRUE TRUE TRUE
> data3<-data2[al*a2*a3==1,]
> #select those rows if all of the elements are non missing.
> data3

varl var2 var3

1 123 aa
3 354 bc
5 341 dd

A WN P

6.4 Getting help

By default, R has a couple of excellent manuaRD# format. "An Introduction to R" is almost a
required reading to begin using R. To access theualaclick Help | Manuals and the list of avaitbl
documents will be shown. Also use help() to get k@nd-specific information.

> help(read.table)

Dong-Yun Kim, dhkim@ilstu.edu ﬁ
Page location: http://www.math.ilstu.edu/dhkim/Rstuff/Rtutor.html
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