


e Ris aprogramming language of a higher-level

* Constantly increasing amount of packages (new research)
* Free of charge

 Website: http://www.r-project.org/

* Code Editor: http://rstudio.org/
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Software: use RStudio

e |nstall R: http://www.r-project.org/
e |nstall RStudio: http://rstudio.org/

Program

Execution
console

File Edit Code View Project Workspace Plots Tools Help
o-a-mmallr
@7 diamondPricing.R* ¥ | @ ]formatPlotR » | diamonds % =0
] [ [Flsourceonsave | Q A - % | 5% | [ source - i)
1 T1ibrary(ggplot2) -
2 source("plots/formatPlot.R")
E
4 view(diamonds)
5 summary(diamonds)
6
7 summary(diamonds$price)
8 ize <- round(mean(diamondsicarat), 4)
clarity <- levels(diamondsSclarity)
10
11 p <- gplot(carat, price,
12 data-diamonds, color-clarity,
13 xlab="carat", ylab="price",
14 main="Diamond Pricing™)
15
15:1 (Top Level) = R Script =
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= avesize <- round(mean(diamonds$carat), 4)
= clarity <- levels(diamonds$clarity)
> p <- gplot(carat, price,
+ data=diamonds, color=clarity,
+ xlab="carat”, ylab="Price",
+ main="piamond Pricing")
>
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Basics in RStudio

Important to know:

Create a new file and save it (File menu)
Running one line or entire code (Edit menu)
Running one line in console

Workspace (Observe, Save, Clear)

Setting current directory (Tools)

Installing new package (Packages tabs)




Call help

e Specific function
— help(function)

e Help browser
— help.start(Q)

e Search for something in help
— help.search(*“expression’)

 Quick reminder of function arguments:
— args(function)

e Examples of how to use function:
— example(function)

* If some method is not installed on the computer:
— RSi1teSearch(expression')




Introduction

e Ris case-sensitive (A and a)

e Each command on a new line

e Comment:
#R 1s a very cool

Initialize/set the variable

Use->or<-or=
a<-3

a=3

3->b

language!




Vectors

e C(Create a vector

> x<-c(1,3)
Y
> print(x)
e See the result [1] 1 3
=
X

print(x)

e (Create an empty vector
Y=numeric(10)
Y

= Y=numeric(10)
=

[11 0000000O0O0O0




Sequence

e Either’: “orseq()

> £<-3:5

e

[1] 3 4 &

> gu-—seq(from=3, to=7, hy=0.5)

|

[1] 2.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0
> |




Operation with vectors

» ) = a=1:5
* indexing > b=c(1,4,-1,3,0)
) b
* Element-wise: +-*/A 1126275
= a*h
[1] 1 & -312 0
* length —number of elements > b+d
[1] 58 37 4
e sum - sum of all elements > Tength(a)
_ [1] 5
* max min sort order = sum(ah2)
. ) i 1] 55
e which.min which.max E_ ﬁ',,ax(h)
[1] 4
= which.max(b)

L [1] 2
L0g|cals. =~ order(b)

TRUE or FALSE: [11 35142
= sort(b)

A=TRUE; [1] -1 0 1 3 4
~ b[1]

[1] 1

= b[2:4]

[1] 4 -1 3

> b[-2]

[1] 1 -1 3 0

* log exp sin cos

> >= < <= I|= &(and) | (or)



Matrices

Use matrix()

a<-matrix(values,nrow=m,ncol=n) ~ R Lonsole
) ) F at-matrix(ciZ,1,1,-1) ,arow=:2, ncol=2)
Values should be listed columnvise > &
[,11 [,2]
nrow= and ncol= can be skipped [t z 1
[z,] 1 -1

> |

= Create empty matrix

> m=matrix(0,nrow=2,ncol=3)
= m

[,11 [,2]1 [,3]
[1,] 0 0 0
[2,] 0 0 0
=




Matrix operations

wo-c(1,2)
a<-matrixicl(=,1,1,-1),2,2]
b<-matrix(c(l,0,1,1),2,2]
v=az vix

K

WO

[,1]
[1.] 4
[&,] -1
= =A% *3h
i

[, 11 [.2]
[1,] & 3
[2,] 1 O
> |

Usual vector operations can
also be applied:

> mMd=matrix(c(1,2,0,1), nrow=2)
> my=matrix(c(2,2,5,1), nrow=2)
= md
[,11 [,2]
[1,] 1 0
[2,] 2 1
= md
[,11 [,2]
2 5

[2,] 2 1




Matrix operations

e Matrix operators/functions:

+ a
e transpose b=t(a) (.11 [,2]
[1,] z 1
b=a' [2,] 1 -1
> tla)
 |nverseb=at [1] [,2]
[1,] z 1
b=solve(a) [2,] 1 -1
= zoalveia)
e Solve d=alb [, 1] [, 2]
[1,] 0.3333333 0.3333333
dzsolve(a b) [2,] 0.3333333 -0.66666607

> |




Indexing for matrices

e Positive index
x[1,6] x[2:10, ]}

* Negative index
x[2,-(1:5)] row 2 and all columns except 1:5

e Entire column or row
y=x[2,] entire row 2

= b

e Extraction [1]d bl[b g]-l 3 0
= = =

X[ x>5] > d
[11 14 3



Replication

Replication for vectors
— rep(what, times)

Replication for matrices

— matrix()

> vl=rep(3,5)
= vl
(1] 3 3 3 3 3
> vi=rep(c(3,4),2)
= w2
(11 3 4 3 4
> ml=matrix(l,nrow=2,ncol=2)
= ml
[,11 [,2]
[1,] 1 1
[2,] 1 1
> m2=matrix(v2,nrow=4,ncol=2)
= ml
[,11 [,2]
[1,] 3 3
[2,] 4 4
[3,] 3 3
4,1 4 4
= m3=matrix(v2,nrow=2,ncol=4, byrow=T)
= m3
[,11 [,2]1 [,3] [,4]
[1,] 3 4 3 4
(2,1 3 4 3 4




Matrix operations

* Dimension -
— dim(mat) [,11 [,2]
e (1,1 3 3
e Row/column stististics [2,] 4 4
— colMeans, rowMeans, colSums,rowSums E{ﬂ f;’ ;:’
> md=matrix(c(1,3,5,2,4,6),nrow=3) > ns=dim(m2)
> md = ns[2]
[,11 [,2] [1] 2

[1,] 1 2
(2,1 3 4
[3,] 5] ]
= colMeans (md)
[1] 3 4

= rowsums (md)

1] 3 7 11

e Apply a function over vector/matrix

— Sapply()
— Normally used when function works only

element-wise ~ sapply(v2,log)
[1] 1.098612 1.386294 1.0968612 1.386294

> log(v2)
[1] 1.098612 1.386294 1.098612 1.386294



Vector/matrix operations

e Create confusion matrix (classification)

— table(X,Y)
] - X=c(1,3,1,1,2,3,1,2,2,2,1,1,3)
e Extract d|agona| » Xfit=c(2,3,2,1,2,3,1,2,2,2,1,1,1)
= tl=table(Xfit,X)
— Diag(X) > tlx
xfit 1 2 3
1401
2240
3002
= t1[1,1]
[1] 4
= diag(tl)
123
4 4 2
=




Factors

e Text values

= fl=c("Man", "woman")
= 1
[1] "Man" "wWoman"
> f2=c("mMan”, "woman", "Man")
= table(fZ)
f2

Man Woman

2 1

= f3=factor(c(1,0,1,1,0), levels=c(0,1), Tabels=c("Man", "woman"))
= 3

[1] wWwoman Man Woman Woman Man
Levels: Man Woman

™




e Listis a collection of objects

> d<-15;
> ac-matrixicil, 2, 3,31 ,2,2):
> a = hix
[,11 [.2] [1] "iary™
[1,] 1 3 = Bh[[3]]
[2,] z 4 [1] "mary"
> h<-list (first=d, second=a, x="mary"™)
> b
first
[1] 15
fzecond
[.1] [.z2]
[1,] 1 3
[2,] Z 4
g




Data frame

Vectors and matrices of the row length can be collected into
a data frame

Used to store the data of different types into a single
table

Use data. frame(object 1, object 2, ... , object k)

x<-c(1,3)
y<-c("M", "F")
z<-data. frame(x,y)

VoW WY

Z
Xy
1 1M
2 3 F




Data frame

= Any column in the data frame can be retrieved by

dataframe$object

= Z%x

[1] 1 3

= z[[1]]
[1] 1 3

= Z3y

[1] M F
Levels: F M

= Any row in the data frame can be extracted by using
matrix notation, for ex: z[1,]




Read data from Excel file

1. Save as “comma-separated file”(csv)
2. Change current directory, Session—> Set Working Directory or setwd()
3. Use

Dataframe=read.csv2(file_name)

Exercise:

e Use Excel file Bilexempel.xls and import it to R




Conversion between types

Data frame to matrix
Matrix to data frame
Numeric to factor
Factor to numeric
List to vector

Vector to list

dfl=data.frame(X=c(1,2,3), y=c(1,0,1))
dfl

XN

11

20

31

mh=as.matrix(dfl)

m5

L P =
=R

2=as.data.frame(m5)
25X
123

]
]
]
.I:
.I:

= vb=c(1,4,2,2,1)
= fd=as.factor(ve)
= 4

[11] 14 2 2
Levels: 1 2
= Fh=c("1",
= 5

(13 "1™ "Q" "1™ "1™ "1"
= as. 1ist(f5)

[[1]1]

(11 1"

1
4

"0r, "7, 1T, U1

[[21]
[11 "0

[[31]
[1] 1"

[[41]
[1] "1

[[51]
[1] "1

= 11=Tist(a=1, b=3)
= 11

$a

[1] 1

$b
[171 3

= as.numeric(11)
[1] 1 3



Loops

for (name 1In exprl )

{

} > for (i in 1:5) {
+ y=zeq(i,d)

_ o + print(v) @

while (condition) (11 12 3 4 5 6 7 &

{ [1] 2 3 4 5 6 7 &
[1] 3 4 5 6 7 &

- [1] ¢4 5 6 7 &

} [1] 5 6 7 &

> |




Conditioning and loops

If (x==3) {

-}"else {

o > md=matrix(c(1,2,0,1), nrow=2)
} = md
[,11 [,2]
[1,] 1 0
[2,] 2 1
> n=dim(md) [1]

for (i in 2:99) { - T=numeric(n)
. = for (7 in 1l:n){
} +  if(max(md[4,]1=1)) 1[i]=1
+
o
[1]1 0 1
while(x!=29) {
}



Random number generation

¢ Random are not

random Distribution R name additional arguments
— Use set.seed(12345) beta beta shapel, shape2, ncp
to get identical hinomial binon size, prob
Canchy cauchy location, scale
results chi-squared chisq df, ncp
e A plenty of random exponential axp rate
F 1 dfi, df2, ncp
number generators gamima gamma shape, scale
— Rnorm geometric geom prob
. hypergeometric hyper m, n, k
— Runif log-normal lnorm meanlog, sdlog
- . logistic logis location, =scale
e Use d for density p for peeatiie binomial - wbinon e
CDF g for quantiles and gc-isdson pois lanbda
. < tudent’s t T df, ncp
r fOf SImUIatIOn. uniform unif min, max
(ex: rnorm pnorm dnorm -ier-Ethlll UElbUll shape, scale
Wileoxon wilecox m, n

gnorm)



Using a function

* Use ?name_of function to see function parameters
— Forex.?Im

* There are some obligatory parameters and optional parameters
* The optional parameters can be specified in different order

X=1:10

Y=1:10+rnorm(10)
W=c(rep(1,5), rep(2,5))
mydata=data.frame(X,Y)

12

10

result=1m(Y~X, weights=W,data=mydata)
?predict.1m
Fit=predict(result) < -

>

plot(X,Y)
points(X,Fit, type="1", col="blue")




Writing your own functions

* Function writing
must always end

b

myfun <-functioni=z=20, v, =]
{

+

with writing the + if(z]
. + result=x+vy
Value Wh'Ch + el=e
+ 1
should be + result=log(x) ¥y
+ ¥
returnedl + result
+
e You may also use > r<-myfun(l,Z, TRUE]
> r
“return(value)” to [1] 3
> r<-myfun(z=FAL3IE, w=0)
show what value > r
. [1] O
the function > |

should return




Graphical procedures

-l 4,7 5, 12):
Some common procedures. wo—o{d, 3,1, 6,9}

plot(x,..) plots time series plot{x,y, type="l", col="orange",
wain="Mv plot™, xlabh="X1", wlab="Z=27"}):

pointa{x, vfi+2, type="h", col="hlus"):

e plot(x,y) scatter plot

* plot(x,y) followed by points(x,y) plots
several scatterplots in one coordinate
system

My plot

e hist(x,..) plots a hitogram © -

K2

e persp(x,y,z,...) creates surface plots

* cloud(formula,data..) creates 3D > 4 6 8 0 12
scatter plot ”




Graphical parameters

e Adjust color of a graphical object by specifying
— col=
e Other typical parameters for graphical —
functions
— main="text” Title”"text”
— sub="text” Footnote "text” m
— xlab="text” X-axis label :

EEEET Ll

........

800

600

400

200

mydata<-read.csv2("Counties.csv");

barplot(mydata$Area, names.arg=mydata$County, main="”Area of the US regions”,
xlab="County”, ylab="Area”);




Graphical parametes

* Some parameters need to be specified
either in the plotting function or inside
par(...)

— Pch=number — symbol that is plotted

Area of the US regions

Warren
Union

E—
. e
— = —_ wssex [
Lty=number —linetype slfge:;el |
o . dem
— Las=01 eller 2 Direction of axis values D e
) ) ) Mo
— mai=c(bottom, left, top, right) - margins e =
. Mercer [T
(inch) Hunterdon [ —
Hudson [
. . Gloucester [
— adj=between 0 and 1, horizontal Cumver [y
Cee L ape My I
justification e )
Buringron
]
/s

Bergen
Atlantic

200 400 600 800 1000

o

barplot(mydata$Area,
names.arg=mydata$County, horiz=TRUE, las=1,
x1im=c(0,1000), col="orange", main="Area of
the US regions", xlab="Area");




Some more examples

e Dividing training/test

> train
data=data.frame(X=c(1,1,2,2,3), Y=c("M","F","M","M","F")) XY
n=dim(data)[1] 4 2 M
set.seed(12345) 5 3 F
id=sample(1l:n, floor(n*e.5)) > test
train=data[id, ] XY
test=data[-id, ] 1 1M

2 1F

3 2M

e Computing misclassification rate

missclass=function(X,X1){
n=length(X)
return(1-sum(diag(table(X,X1)))/n)
}

= X=c(1,3,1,1,2,3,1,2,2,2,1,1,3)

> Xfit=c(2,3,2,1,2,3,1,2,2,2,1,1,1)
= missclass (X, Xfit)

(11 0.2307692



	Introduction to R�
	R
	Software: use RStudio
	Basics in RStudio
	Call help
	Introduction
	Vectors
	Sequence
	Operation with vectors
	Slide Number 10
	Matrix operations
	Matrix operations
	Indexing for matrices
	Replication
	Matrix operations
	Vector/matrix operations
	Factors
	Lists
	Slide Number 19
	Slide Number 20
	Read data from Excel file
	Conversion between types
	Loops
	Conditioning and loops
	Random number generation
	Using a function
	Writing your own functions
	Graphical procedures
	Graphical parameters
	Graphical parametes
	Some more examples

