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R You Ready ?




Introduction Chl + L
R Console

In the R Console everything is executed directly.

When trying functions or commands out, this is the fastest o
way to get the outcome. by

[1] 20

> 5 %% 2
[1] 1

Rscripts are a place to save multiple commands to execute
them all at once whenever you need to run them again.

=>» Clears the console
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Ctrl + Enter =>» Execute current line or selection

Introducti
n'ro uclllon Ctrl + shift + Enter =» Execute whole document
R Scripts

1 # pefine the value 5 to the variable x
. . . . o« o 2 <- 5
An R Script is a simple text file containing (almost) the same 3
. 4 # Print out the number of 5
commands that you would enter on the command line of R. 5 print(x)
5:9 (Top Level) =
In Rstudio, these scripts can be loaded, edited and run Conisole =
< . ~ > source('~/.active-rstudio-document’, echo=TRUE)
completely or partly. Everything will then be run sequentially
. > # Define the value 5 to the variable x
in the R Console. > x < 5
> # Print out the number of 5
> print(x)
Hashtags (#) are used to add comments to RScripts. Use this il

to ensure other people who need to read and evaluate your
code, understand what happens.
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® Ctrl + Enter =>» Execute current line or selection
II'I'II'OdUC'IOII Ctrl + shift + Enter =>» Execute whole document
® @
Arithmetic operators

In it most basic form, R can be used as a simple Calculator.

@7 Untitled1* »

=0
=] ) [[] Source on Save Q Z - 3 - ~“®#Run | %% | #Source v =
1 # calculate 1 + 5
2 1+5
3 # calculate 5 + 7
i |

We can use following arithmetic operators:
(@7 Untitled1* » =

s &1 [ Osourceonsave | Q / ~ il =~ ~#Run | % | #Source v =
Addition:

1 # calculate 1 + 5
S § 3;‘<+:a‘|5cu1ate 5+ 7
Subtraction: 3
Multiplication:
Division:

o o AN 1:1 (Top Level) = R Script =
Exponentiation: — —
MOdUIOZ %% :[ ? Ea15cu1ate 1% 5

1] 6
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Introduction
Variables

A variable allows you to store a value or an
object. You can use this variable again by
calling its name.

A Variable is assigned by using <-

Var <- 8

When printing out the variable it will return the
result

OooNOUVTDE WN =

# Assign a numeric value to numeric_variable
numeric_variable <- 5.2

# Assign an integer value to integer_variable
integer_variable <- 2 #numeric
integer_variable <- 2L #integer

# Assign a logical value to logical_variable
lTogical_variable <- TRUE

# Assign a string or text to character_variable
character_variable <- "Text"

LEARNING
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Introduction
Data types

Numerics Decimal values: 3.2, 1.3
Integers Natural numbers: 1, 2, 3
Logical Boolean Values: TRUE, FALSE
Characters Text or String

To get the type of a variable the “class® function can
be used

class(x)

OoO~NOWVHEWNE-

A R is Case Sensitive

# Assign a numeric value to numeric_variable
numeric_variable <- 5.2

# Assign a integer value to integer_variable
integer_variable <- 2

# Assign a logical value to logical_variable
Togical_variable <- TRUE

# Assign a string or text value to charcater_variable
character_variable <- "Text"
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Introduction

o
Comparison
1<z h
21> 2
3 1<=2
201 >= 2
Less than 5 12
Greater than
Less than or equal to
Greater than or equal to &7 flop levei
Equals to Gonete =
Not equal to 1] e
[1] FALSE
T1] Thue
This will return TRUE or FALSE depending on the 2100
values. 1] Fase
1] True

>
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Introduction
Functions

> ?mean

sum(vector/list/..) Calculate the sum of all items
mean(vector/list/..) Calculate the average of all items

¢mean or help(“mean”) opens the readme page of the function

mean {base}

Arithmetic Mean

Description

Generic function for the (trimmed) arithmetic mean
Usage

mean(x, «..)

## Default 53 method:

mean(x, trim = 0, na.rm = FALSE, ...)
Arguments
x An R object. Currently there are methods

trim the fraction (0 to 0.5) of observations to be
na.rm a logical value indicating whether N2 value

further arguments passed to or from other

Value
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Introduction
Workspace

The workspace is your current R working environment and includes
any user-defined objects (vectors, matrices, data frames, lists,
functions).

At the end of each R session the user can save an image of the
current workspace that is automatically reloaded the next time R is
started.

getwd() # print the current working directory - cwd

|s() # list the objects in the current workspace
setwd(“c:/...")  # change the working directory

options() # view and set options for this session

history() # display the last 25 commands

save.image() # save the workspace to the file .Rdata in de cwd
load(“file.RData”) # Load a workspace in the current session

q() # quit, which will prompt to save the workspace

Save data into R data file formats: RDS | RDATA
saveRDS(), save(), save.image()

R 3R
A 4

Restore R data
readRDS(), load()

R base functions

4



http://www.sr.bham.ac.uk/~ajrs/R/r-function_list.html

Introduction
Great functions to know

summary(x) # Returns a summary of x: mean, min, max etc.
c(x) # A generic function which combines its arguments
cat(x) # Prints the arguments

append() # Add elements to a vector

seq(1,10,0.4) # Generate a sequence (1 -> 10, spaced by 0.4)
sort(x) # Sort the vector x

order(x) # list sorted element numbers of x

tolower(), toupper() # Convert string to lower/upper case letters
unique(x) # Remove duplicate entries from vector

head(df) # Return the headers and the first entries

tail (df) # Returns the headers and the last entries
length(x) # Return no. of elements in vector x

range(x) # Returns the minimum and maximum of x
abs(x) # The absolute value of "x”

var() # Calculate variance

sample() # Random samples & permutations

mean(x), weighted.mean(x), median(x), min(x), max(x), quantile(x)

floor(x), ceiling(x), round(x), signif(x), trunc(x) # rounding functions




Introduction
Packages

One of the reasons R became so popularis the vast array of packages
available at the CRAN and Bioconductor repositories.

A package is a bundle of code, data, documentation and tests

Installing packages:
install.packages(“name_of package”)




Introduction
Packages — loading package

Load package = attaching to environment.

You can check it out with the
*search() function”®

We can load a package with the
*library() function®
Or the

‘require() function®

if the package is not installed, it will return false.







Vectors
Definition

Vectors are one-dimension arrays that can hold elements of the same
data type. (humeric data, character data or logical data)

In other words: a vector is a simple tool to store data.

Creating a vector is done with the *combine function® . You place
all elements between the parenthesis separated by a comma.
Example:

boolean vector <- ¢(TRUE, TRUE, FALSE)

character vector <- c¢(“a”, “b”, “c”)




Vectors
Naming a vector

It is important to have a clear view on the data that you are using. Therefor it is
important to know what every element refers to.

To achieve this we can name each element of the vector.

1 vector <- c("Jens vanhooydonck™, "Teacher")
2 names(vector) <- c("Name", "Profession")
3 vector|
37 (Top Level) <
Console -/
> vector <- c("Jens vanhooydonck"”, "Teacher™)
> names (vector) <- c("Name", "Profession")
> vector
Name Profession
"Jens vanhooydonck" "Teacher"

>
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Vectors
Naming a vector

When you become good at R, you become lazy..

Nobody wants to retype something he already used. Therefor we can use a variable to store the names of
the week.

name_vector <- c("A", "B", "c", "D", "E")
vector <- c¢(1, 2, 3, 4, 5)

names (vector )<- name_vector

vector

EE VYR N

4.7 (Top Level) <

Console -/

name_vector <- c("A", "B",
vector <- c(1, 2, 3, 4, 5)
names (vector)<- name_vector
vector

BCDE

2345

g g

VED>»VYVYVY
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Vectors
Calculating with vectors

We have some vectors, now we can release some

analytical magic.

Arithmetic calculations: Functions:

cll, 2.3} +ield 5, 6] Get the sum of all elements
=cfl +4, 2+ 5 3+ 6 in the vector:
=c(5, 7, 9) sum(vector)

OR
a=-cfl, 2 3} Get the average of all
b <-cl4 5 6) elements in the vector:
c<-a+b mean(vector)




Vectors
Recycling Rule

If two vectors are of unequal length, the shorter one will be recycled in order to match the longer vector.

1 u <- ¢(10,20,30)
28V <- c(1,2,3,4,5,6,7,8,9)
3 u+V

3:6 (Top Level) =

Console C:/Users/AnnVantyken/Desktop/WIP/DS/R/

> source('~/.active-rstudio-docu
> u <- ¢(10,20,30)

V€= €l1;2:3:4:;5:0;7:8,9)

> U+ ¥
[1] 11 22 33 14 25 36 17 28 39
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Vectors

Selection
Selecting certain elements of a vector can be done as followed
Vector/1] By index (starting from 1)
Vector/"Monday”] By name
Vector/c(1,2)] By multiple indices
Vector[1:3] By a range of indices cl2 I.4.9l = 2:5
Vector/c("Monday”, “Friday”)] By multiple names
5)Cons'.icple C:/Users/jensv/Dropbox (themasteriabs)/themasterla
> vector [2]
Tuesday
20
> vector ["Tuesday"]
Tuesday

20
> vector[c(1,2)]
Monday Tuesday
10 20
> vector[1:2]
Monday Tuesday
10 20
> vector [c("Monday"”, "Tuesday")]
Monday Tuesday
10 20

>
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Vectors
Selecting by comparison

We can use the comparison operators to select certain elements of a vector.

We can use a vector of logical values to select certain elements of another vector.

> (8. 20, 7, 9, 1L, 15)'>'8
[1] FALSE TRUE FALSE TRUE TRUE TRUE

> |

selection <- vector %% 20 > 0
vector[selection]

> selection <- vector %% 20 > 0
> vector[selection]
Monday wednesday Friday Sunday
10 30 50 70

LEARNING
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Matrices
Definition

A matrix is a collection of elements of the same data type (numeric,
character, logical) arranged into a fixed number of rows and columns.

Therefor a matrix is called two-dimensional.

(.11 [,2] [,3]
j1,] 1 2 3
[2.4 4 5 6
[3,] 7 8 9




Matrices
Matrix creation

Creating a matrix is done with the * matrix function®

Example:

boolean matrix <- matrix(c(TRUE, TRUE, FALSE), byrow = TRUE,
nrow= 3)
numeric_vector <- matrix(1:9, byrow = TRUE, nrow = 3)

Arguments:
* data

" nrow

= ncol

= byrow

= dimnames

Default

(

(Default:
(Default:
(
(

Default
Default

: NA)
1)

1)

: FALSE)
: NULL)

an optional data vector

the desired number of rows

the desired number of columns

If FALSE, the matrix is filled by columns, otherwise by rows
NULL or list of length 2 giving the row and column names.

<$NCOI
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Matrices
Naming a matrix

Naming a matrix is almost the same as naming a vector. For a matrix we just
need to define if we are naming the rows or the columns.

Example:
rownames(matrix) <- row _names_vector
colnames(matrix) <- col names vector

jron_man <- c(15.365, 26.123, 16.654)

1l

2 spiderman <- c(26.458, 19.698, 17.425)

3 batman <- c(32.584, 33.768, 31.945)

4

5 movies <- c(iron_man, spiderman, batman)

6 movie_matrix <- matrix(movies, nrow = 3, byrow = TRUE)

7

8 rownames(movie_matrix) <- c("Iron man", "Spiderman"”, "Batman")
9 colnames(movie_matrix) <- c("Kinepolis", "uGc", "cartoons")
10
11 movie_matrix
12

12:1 (Top Level) <

Console C:/Users/jensv/Dropbox (themasteriabs)/themasteriabs Team Folder/Courses/R/Exercises/
> movie_matrix

Kinepolis UGC cartoons
Iron man 15.365 26.123 16.654

LEARNING

Spiderman 26.458 19.698 17.425
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Matrices
Calculations on a matrix

In this example, if we want to know how much revenue there was for each movie,

we need to add each row and calculate a total.
We can calculate the sum of a row with the ‘rowSums() function ' , this will return a

vector with the length of the number of rows.

If we want fo know the revenuve for each cinema, we need fo fake the sum of each
column. We can use the ‘colSums() function’ for this. This will return a vector with

the length of the number of columns.

Example:

antwerp_fotalrev vector <- rowSums(movie matrix)
cinema_revenue_vector <- colSums(movie matrix)




Matrices
Binding rows/columns to a matrix

When there is new data available (in our example a new Cinema, or a new movie)
we can add this data to the matrix with the “rbind() of the cbind() functi¢cbindon®

We can bind multiple matrixes together, or combine a matrix with a vector, ..

new_matrix <- cbind(matrix1, matrix2, vectorl, ...)
new_matrix <- rbind(matrix1, matrix2, vectorT, ...)

> rbind(movie_matrix, movie_matrix) > cbind(movie_matrix, colsums(movie_matrix))
Kinepolis UGC cartoons Kinepolis UGC cartoons

Iron man 15.365 26.123  16.654 Iron man 15.365 26.123 16.654 74.407

Spiderman  26.458 19.698 17.425 spiderman  26.458 19.698 17.425 79.589

Batman 32.584 33.768 31.945

e SE Jgk 5k 153 GE.er Batman 32.584 33.768 31.945 66.024

spiderman 26.458 19.698 17.425 >

Batman 32.584 33.768 31.945

>
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Matrices

cbhind

new_matrix <- cbind(matrix1, matrix2, vector1)

+




Matrices

rbind

new matrix

new matrix <- rbind(matrix1, matrix2, vector1) %I

NG



Matrices
Selection

Similar to vectors, you can use square brackets to select one ore multiple elements.
But where vectors have only one dimension, matrices have two. To select elements in
a matrix, you should give its row and column index.

This can be done by comma separating the indices. When the index is empty of the
row or the column, the full row or column is selected.

Example:

matrix[1,3] Selects the first row third column
matrix[2:4,1:3] Selects the rows 2, 3, 4 and columns 1, 2, 3

matrix[,4] Selects all rows, fourth column

matrix[1:3,] Selects row 1, 2, 3 and all columns
mMatrix[c(“Monday”, “Friday”)]  Select all rows, and columns Monday and Friday
matrix[,"Monday”] Select all rows and column Monday




Matrices
Calculations

Similar to vectors, we can also work with the standard arithmetic operators. We can
add/subtract or multiply/divide all items in an array by just adding/subtracting or
multiplying/dividing the matrix.

Example:
matrix <- matrix * 2
matrix <- matrix + 5

But we can also use these basic operators to add or multiply other matrices.

Example:
matrix <- matrix1 / matrix2
matrix <- matrixl + matrix2







Factors
Definition

A factor is a data type which contains categorical variables.

What's the difference between a categorical variable and a continuous variable?

A categorical variable can only contain a limited number of categories. Where a continuous variable
can have an infinite number of values.

Example:

A Variable Gender 2 will only have two values (e.g. Male and Female)
gender <- c(“Male”, “Male”, “Female”, “Male”,”Female”)
gender_factor <- factor(gender)

> gender_factor

[1] male Mmale Female Male Female

Levels: Female Male
. A



Factors
Nominal

Nominal categories do not have a certain order. Where ordinal categories do have an order.

Example:
Houses can be categorized by their style. We can see there can be multiple values
possible 2 Town house, Towered, Gabled Roof, Symmetrical, ...
These values can not be ordered.

If our data does not contain the right Values for the categories we can rename them with the levels
function:

house style categories <- factor(house_styles)
levels(house style categories) <- c(“Gabled Root”, “Symetrical”, “Tow..”)

A The order with which you assign the levels is important! First use the levels function to get the
order of the categories. If no order is provided, the levels will be ordered alphabetically.

4



Factors
Ordinal

Nominal categories do not have a certain order. Where ordinal categories do have an order.

Example:
Houses can be categorized by their size. We can see there can be multiple values
possible = very small, small, moderate, big, very big
These values can also be ordered (from very small to very big)

If we use factors, we can define the "levels® our self:
house size categories <- factor(house sizes, order = TRUE, levels = c(“very small”, ...))




Factors
Comparing ordered factors

We can use the order of the categories to select certain rows/columns.

Example:

house size categories[1] > house_size categories[2]
house size categories >= “moderate”







Lists
Definition

A Listin R is a generic vector containing other objects.

All elements in the list do not have to be of the same length.

logical <- c(TRUE, FALSE, FALSE)
numeric <- c(1.5, 2.6, 3.8, 4.5)

char <- c("one”, "two")

¥ < 3

Tist <- list(logical, numeric, char, y)

<UNCOI
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Lists
Slicing

To return a list slice we can use the single square bracket [ ] operator. The following is a slice

containing the third member of list, which is a copy of char.

1ist <- list(logical, numeric, char, y)
list[3]]

We can also return multiple slices using a vector with indices.

Tist <- list(logical, numeric, char, y)
list[c(1, 3)]

<$NCOI

ING



Lists
Member reference

In order to reference a list member directly, we have to use the double square bracket [[ ]] operator.
This reference can then be used to alter elements of the object.

When replacing elements in the list, the original element is not changed.

When creating the list, each object is passed by value, and not by reference.

> 1ist <- Tist(logical, numeric, char)
s 1istl[31]1[1] < "two"

%> char

[1] |l0ne|l Iltwoll



Lists
Named list members

Sometimes it is hard to remember which data is held by each element of the list.

That is why we can name the elements of the list!

9 new_list <- list(namel = 1:9, name2 = 9)
10

10:1 (Top Level) <

Console -/

> new_list

$namel

11 1 234586789

$name?2
[1] 9

We can also name the list afterwards with the names() function.

names (new_1list) <- c("Numbers", "number|")



Lists
Named list members

When we want to access data in a named list, we can also use the double square brackets [[ ]]

operator or the dollar sign $§ operator.

> new_1list[["Numbers"]]
[1] 1 2 34567 809
> new_1ist$Numbers

j11 1 23456789
> new_1list[[1]]

j11 1 2 34567 8 9
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Data Frames




Data Frames
Definition

You remember that a matrix can only contain elements of the same data type. But for a lot of data sets, this
isn’t possible. We have a lot of datasets which contains characters (names, gender, ...), numeric values
(age, ...), logical values (yes/no questions) ...

Therefor in R we have a data type which contains variables as columns and observations as rows.

> mtcars

mpg cyl disp hp drat wt qgsec vs am gear carb
Mazda Rx4 21.0 6 160.0 110 3.90 2.620 16.46 O 1 < <
Mazda RX4 wag 21.0 6 160.0 110 3.90 2.875 17.02 0 1 4 B
Datsun 710 22.8 4 108.0 93 3.85 2.32018.61 1 1 = 1
Hornet 4 Drive 21.4 6 258.0 110 3.08 3.215 19.44 1 O 3 1
Hornet Sportabout 18.7 8 360.0 175 3.15 3.440 17.02 0 O 3 2
valiant 18.1 6 225.0 105 2.76 3.460 20.22 1 O 3 z &
Duster 360 14.3 8 360.0 245 3.21 3.570 15.84 O O 3 4
Merc 240D 24.4 4 146.7 62 3.69 3.190 20.00 1 O = 2
Merc 230 22.8 4 140.8 95 3.92 3.150 22.90 1 O 4 2
Merc 280 19.2 6 167.6 123 3.92 3.440 18.30 1 O < =
Merc 280C 17.8 6 167.6 123 3.92 3.440 18.90 1 O < <
Merc 450SE 16.4 8 275.8 180 3.07 4.070 17.40 0 O 3 3
Merc 450SL 17.3 8 :275.8 180 3.07 3.730 17.60 O 0O 3 3
Merc 450SLC 15.2 8 275.8 180 3.07 3.780 18.00 O O 3 3
cadillac Fleetwood 10.4 8 472.0 205 2.93 5.250 17.98 0 O 3 =

LEARNING
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Data Frames
Exploring the data

As seen before, we have a few functions which help us with

discovering our data. We can use
head(mtcars)

to display the first rows of the data set.
If we want to see the end of the dataset we can use
tail(mtcars)

> head(mtcars)

mpg cyl disp

Mazda Rx4 21.0
Mazda RX4 wag 21.0
Datsun 710 22.8
Hornet 4 Drive 21.4
Hornet Sportabout 18.7
valiant 18.1

> tail(mtcars)

Porsche 914-2 26.0
Lotus Europa 30.4
Ford Pantera L 15.8
Ferrari Dino 39. 7
Maserati Bora 15.0
vapvo 142€ 21.4
>

(o 0 e N S e )]

160 1
160 1
108

258 1
360 1
225 %

hp drat
10 3.90
10 3.90
93 3.85
10 3.08
7y 3.X5
05 2.76

drat
4.43
3.77
4,22
3.62
3.54
4.11

NWNWHEN

.6
.8
L
o2
.4
.4

WWWNNN

wt

.140
.513
.170
.770
. 570
.780

wt (Qqsec vs am gear carb

20
75
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15
40
60

qs

16.
16.
14.
15
14.
18.

16
17
18
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17
20

ecC

AWV O N

.46
.02
.61
.44
.02
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\Y

HOOOKFHFOW

HOMHMHOO

e =

COOK

wwwbhb b s

gear carb

Suvnununn

NoOOENN
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Data Frames
Exploring the data

To get an overview of your data, we can use the
str() function
which shows us the structure of the dataset.

It shows which variables are used (columns) and of which types these
variables are. It also tells us the number of observations in the data
set. And also the first observations of each variable.

> str(mtcars)
'data.frame’: 32 obs. of 11 variables:

mpg : num 21 21 22.8 21.4 18.7 18.1 14.3 24.4 22.8 19.2 ...
cyl :num 6 64 6 868446...

disp: num 160 160 108 258 360 ...

hp : num 110 110 93 110 175 105 245 62 95 123 ...

drat: num 3.9 3.9 3.85 3.08 3.15 2.76 3.21 3.69 3.92 3.92 .
wt : num 2.62 2.88 2.32 3.21 3.44 ...

qsec: num 16.5 17 18.6 1 7

VS : num
am : num
gear: num
carb: num

AARARAAANAN

9.4 1
i i e
000 ...
4 44
224

o =)
& B O
o
Hwo K
NWOO
Hwor
A WOO

>
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Data Frames
Creating a data frame

We can combine a data frame out of multiple vectors. We use the
data.frame()

function where we can provide each vector as an argument.

weekdays <- c("Monday"”, "Tuesday”, "wednesday"”, "Thursday”, "Friday"”, "saturday"”, "Sunday")

day_type <- c("workingday"”, "workingday"”, "workingday"”, "workingday"”, "workingday”, "weekend"”, "weekend")
online_sales <- c¢(100, 120, 126, 80, 150, 160, 145)

store_sales <- c(75, 68, 35, 46, 98, 0, 0)

store_open <- c(TRUE, TRUE, TRUE, TRUE, TRUE, FALSE, FALSE)

sales <- data.frame(weekdays, day_type, store_open, store_sales, online_sales)

> sales

weekdays day_type store_open store_sales online_sales
1 Monday workingday TRUE 75 100
2  Tuesday workingday TRUE 68 120
3 wednesday workingday TRUE 35 126
4 Thursday workingday TRUE 46 80
5 Friday workingday TRUE 98 150
6 Saturday weekend FALSE 0 160
7 | Sunday weekend FALSE 0 145
>
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Data Frames
Creating a data frame

> str(sales)

"data.frame’ 7 obs. of 5 variab]es
$ weekdays : Factor w/ 7 levels "Friday"”,"Monday”,..: 2 6 7 51 3 4
$ day_type : Factor w/ 2 levels "weekend"”,"workingday”: 2 2 2 2 211

$ store_open : 'Iog1' TRUE TRUE TRUE TRUE TRUE FALSE ...
$ store_sales : num 75 68 35 46 98 0 0

$ online_sales: num 100 120 126 80 150 160 145

<$NCOI



Data Frames
Selection

In a data frame we can access the elements the same way as a matrix.

Example:
df[1,3] Selects the first row third column
di[2:4,1:3] Selects the rows 2, 3, 4 and columns 1, 2, 3

df[,4] Selects all rows, fourth column
df[1:3,] Selects row 1, 2, 3 and all columns

We can also use the variable name to select a column
df[1, “type”] Selects the first and the “type” column
df[2:4,c(“type”, “amount”)] Selects the rows 2, 3, 4 and columns “type” and “amount”




Data Frames
Column Vector

We can reference a data frame column with the double square bracket [[ ]] operator or the
dollar sign $ operator.

mtcars[[?]]
mtcars[[“am”]]
mtcars$am

Or we could use the single square brackets [ | operator and select all rows:

mtcars[ , “am”]




Data Frames
Column Slice

In a column slice we don’t get a vector but we get a part of the data frame.
We can retrieve a data frame column slice with the single square brackets [ ] operator.

mtcars|1]

mtcars[“mpg”]

mtcars[c(“mpg”, “am”)]

> mtcars[1]

Mazda RXx4

Mazda RX4 wag
patsun 710

Hornet 4 Drive
Hornet Sportabout
valiant

Duster 360

Merc 240D

SPWHESNNARODOO

} mtcars["mpg"]

Mazda RXx4

Mazda RX4 wag
patsun 710

Hornet 4 Drive
Hornet Sportabout
valiant

Duster 360

Merc 240D

SPWHENBAEOMOO

> mtcars[c("mpg"”, "am")]

mpg
Mazda Rx4 21.0
Mazda RX4 wag 21.0
patsun 710 22.8
Hornet 4 Drive 21.4
Hornet Sportabout  18.7
valiant 18.1
Duster 360 14.3
Merc 240D 24.4

COO0OOOHMHKHIZ
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Data Frames
Selection - Row Slice

When we want to select certain rows we can access them the same
way We access rows in a matrix.
mtcars[10, ]

mtcars[c(10,15), ]
mtcars[2:5, ]

> mtcars[10,]
mpg cyl disp hp drat wt gsec vs am gear carb
Merc 280 19.2 6 167.6 123 3.92 3.44 18.3 1 O 4 4

> mtcars[c(10,15),]

mpg cyl disp hp drat wt qsec vs am gear carb
Merc 280 19.2 6 167.6 123 3.92 3.44 18.30 1 O 4 4
cadillac Fleetwood 10.4 8 472.0 205 2.93 5.25 17.98 0 O 3 4

> mtcars[2:5,]

mpg cyl disp hp drat wt qgsec vs am gear carb
Mazda RX4 wag 21.0 6 160 110 3.90 2.875 17.02
Datsun 710 22.8 4 108 93 3.85 2.320 18.61
Hornet 4 Drive 21.4 6 258 110 3.08 3.215 19.44
Hornet Sportabout 18.7 8 360 175 3.15 3.440 17.02

oOrKO
COorE
ww s
INTR SIS
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Data Frames
Selection - Row Slice

Because data frames rows also have names, it is also possible to
retrieve a row by Name indexing.

mtcars[“Honda Civic”,]
mtcars[c(“Honda Civic”, “Fiat 128"),]

> mtcars["Honda Civic",]
mpg cyl disp hp drat wt qgsec vs am gear carb
Hopda Civic 30.4 & 73.7 22 293 1.615 18.52 1 1 - .

> mtcars[c("Honda Civic","Fiat 128"),]

mpg cyl disp hp drat wt qsec vs am gear carb
Honda Civic 30.4 4 75.7 52 4.93 1.615 18.52 1 1 4 2
F'i.at 128 32.4 4 78.7 66 4.08 2.200 19.47 1 1 4 1

LEARNING
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Data Frames
Selection - Row Slice

Or we can make use of a logical index vector:

vector <- mtcars$mpg >= 20
mtcars|[vector,]

> vector <- mtcars$mpg >= 20
> mtcars[vector,]

mpg cyl disp hp drat wt qsec vs am gear carb
Mazda Rx4 21.0 6 160.0 110 3.90 2.620 16.46 0 1 4 4
Mazda RxX4 wag 21.0 6 160.0 110 3.90 2.875 17.02 O 1 4 4
patsun 710 22.8 4 108.0 93 3.85 2.32018.61 1 1 - 1
Hornet 4 Drive 21.4 6 258.0 110 3.08 3.215 19.44 1 O 3 1
Merc 240D 24.4 4 146.7 62 3.69 3.190 20.00 1 O < 2
Merc 230 22.8 4 140.8 95 3.92 3.150 22.90 1 O 4 2
Fiat 128 32.4 4 78.7 66 4.08 2.200 19.47 1 1 4 1
Honda Civic 30.4 4 737 52 4.93 1,615 18.52 1 1 - 2
Trwvunta rarnlla 22 Q A 23 1 AS A 22 1 K28 140 an 1 1 A 1
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Data Frames
Selection - Subset

In the previous slide we have seen we can use a logical vector to
select a part of a data frame. This can be written shorter.

With the use of the "subset() function® we can define a subset

Cars_high_mpg <- subset(mtcars, subset= mpg > 20)

> cars_high_mpg <- subset(mtcars, subset= mpg > 20)
>
> cars_high_mpg

mpg cyl disp hp drat wt qsec vs am gear carb
Mazda Rx4 21.0 6 160.0 110 3.90 2.620 16.46 0 1 4 4
Mazda RX4 wag 21.0 6 160.0 110 3.90 2.875 17.02 0 1 4 4
patsun 710 22.8 4 108.0 93 3.85 2.32018.61 1 1 4 1
Hornet 4 Drive 21.4 6 258.0 110 3.08 3.215 19.44 1 O 3 1
Merc 240D 24.4 4 146.7 62 3.69 3.190 20.00 1 O < 2
Merc 230 22.8 4 140.8 95 3.92 3.150 22.90 1 O < 2
Fiat 128 32.4 4 78.7 66 4.08 2.200 19.47 1 1 4 1
Honda Civic 30.4 4 75.7 52 4.931.615 18.52 1 1 < 2
Toyota Corolla 33.9 4 71.1 65 4.22 1.83519.90 1 1 < 1
Toyota Corona 21.5 4 120.1 97 3.70 2.465 20.01 1 O 3 1
Fiat xX1-9 27.3 4 79.0 66 4.08 1.935 18.90 1 1 < 1
Porsche 914-2 26.0 4 120.3 91 4.43 2.140 16.70 0 1 5 2
Lotus Europa 30.4 4 95.1 113 3.77 2.513 16.90 1 1 5 2
volvo 142E 21.4 4 121.0 109 4.11 2.780 18.60 1 1 < 2

<UNCOI

’7 LEARNING



Data Frames
Sorting

To make the data better readable it is sometimes necessary to sort the
data for a certain variable.

This can be done with the *order() function®. This will return a vector
with the ordered position of each element.

x <-¢(1000, 1, 100)

order(x)

152 23 1

To get an ordered copy of the data frame we can use this vector to
selectthe rows in order.

x[order(x)]

[1]11,100,1000

Or we can use the shorter alternative
sort(x)




Data Frames
Import Data

We don’t want to enter all the data by our self. Therefor we want to import existing datasets.
In the Utils Package there are some default options to import a file:
Library: gdata

Library: foreign

Excel
Minitab
N )
Table

CSV
Working Directory

Library: foreign
Library: Ut/
Library: Ut/
getwd()

?read. csv

read.xls(“mydata.xls”)
read.mtp(“mydata.mtp”)
read.spss(“mydata.spss”)
read.table(“mydata.txt”)
read.csv(“mydata.csv”)
setwd(“Path to wd"”)
read table {utils)

Data Input

Description

R Documentation

Reads a file in table format and creates a data frame from it, with cases corresponding to lines and variables to fields in the file

Usage

read.table(file, header = FALSE, sep = "", quote = "\"'",

dec = ".", numerals = c("allow.loss",

"warn.loss",

"no.loss"),

row.names, col.names, as.is = !stringsAsFactors,

na.sctrings = "NA",

colClasses = NA, nrows = -1,

skip = 0, check.names = TRUE, fill = !blank.lines.skip,

strip.white = FALSE, blank.lines.skip = TRUE,

comment.char = "§",

allowEscapes = FALSE, flush = FALSE,

stringsAsFactors = default.stringsAsFactors(),

fileEncoding = "", encoding = "unknown", text,

read.csv(file, header = TRUE, sep = ",", quote = "\"",
dec = ".", fill = TRUE, comment.char = "", ...)

skipNul = FALSE)

<UNCOI
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read.csv2(file, header = TRUE, sep = ";", quote = "\"",
dec = ",", £ill = TRUE, comment.char = "%, 6 ,,,)



Conditionals




Conditionals
Flashback

<- €(10, 15, 12, 69, 18, 25)
<- 20
> 20
> 20

Less than

Greater than

Less than or equal to
Greater than or equal to

W=
K XK X

4:7 (Top Level) <

Console -/
Equals to > x <- c(10, 15, 12, 69, 18, 25)
|= Not equal to i i
> X > 20
[1] FALSE FALSE FALSE TRUE FALSE TRUE
: : : 20
This will return TRUE or FALSE depending on the 1) Eaiee
values. Or will return a vector/matrix of logicals. > |

LEARNING
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Conditionals
Aggregates

Sometimes the question “Which elements are ...”
does not give us insight in our data. The question
“How many elements are ... ”however, gives us
much more insight in our data.

We can use the “sum()" function. Each TRUE you
pass counts as 1, each FALSE counts as 0. If you take
the sum of the vector.

- S S—

1 x <- c(10, 15, 12, 69, 18, 25)
2 sum(x > 20)
3

3:1 (Top Level) =

Console -/

> % <= €(10, 15, 12, 69, 18, 25)
> sum(x > 20)

[1] 2

>

LEARNING
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Conditionals
Aggregates

x <- ¢(10, 15, 12, 69, 18, 25)
X <15 X > 50

good <- x[x < 15 | x > 50]

bad <- x[!(x <15 | x > 50)]
Tength(good) == length(bad)

v S W -

Or we can combine the previous two questions. By
using the vector we get from the " Which elements’-

5:28 (Top Level) <

Console -/

question to select the elements and use the “length() P EETeLRECRE PR THEL NPT

. > X ¢ 15 | X > 50
funChon 10 COU"TI' fhe elements' [1] TRUE FALSE TRUE TRUE FALSE FALSE

> good <- x[x <15 | x > 50]

> bad <- x[!'(x <15 | x > 50)]
> length(good) == length(bad)
[1] TRUE

>

LEARNING
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Conditionals
Logical operators
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Conditionals
Logical operators the vector/matrix.

Using && or | | will only use the first element of

1 x <- c(10, 15, 12, 69, 18, 25) T % < ¢(10, 15 12. 69. 18 257
X <15 1 x> 3 2 X <15 |1 x > 50
3 3
4 4
5 5
6 6
5:1  (Top Level) * SR Op R S
: Console -/
Do > x <- c(10, 15, 12, 69, 18, 25)
> % <= ¢(10; 15, 12, 69; 18, 25) %1% il i 580
> X <15 1 ¥ >80 [1] TRUE
[1? TRUE FALSE TRUE TRUE FALSE FALSE >
>

LEARNING
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Flow Control
if, else

1 score <- 8

2~ if(score > 7) {

3 print(”"Great job!")
4~ telse{

5 print("Poor job!"™)
6 }

1

7 (Top Level) <

if(condition){
# statements to be executed if condition is true R

telse{

# statements to be executed if condition is false

}

score <- 8
if(score > 7) {
print("Great job!"™)
telse{
print("Poor job!"™)
}

1] "Great job!"

Ve+ + 4+ + VvV V



Flow Control

else if
1 score <- 8 Console ~/
2~ if(score > 9) { > score <- 8
3 print("Great job!"™) > if(score > 9) {

4~ }e]se 1'f(score . 7) { - print(“"Great job!"™)

; \ X / + }else if(score > 7) {
5 print(“Good job!"™) + print("Good job!™)
6~ ltelse{ + Yelse{ o
7 print("Poor job!™) A el L
8 1} [1] "Good job!"
9 >
10N



Conditionals
Embedded if-else

1 company_score <- 7

2 my_score <- 8

3~ if(company_score >= 7)1{

4~ if(my_score > company_score) {

5 print("The company did it great! You did better!"™)
6~ Jelse if(my_score == company_score) {
7 print("The company did it great! You too!")
8- ‘lelse{
9 print("The company did it great! You didn't do so well")
10 }
11~ }else{
12~ if(my_score > company_score) {
13 print("The company did it poorly! You did better!"™)
14~ }else if(my_score == company_score) {
15 print("The company did it poorly! You too!")
16~ lelse{
17 print("The company did it poorly! You didn't do so well")
18 }
19 }

Console -/ =]
> company_score <- 7

> my_score <- 8

> if(company_score >= 7){

print("The company did it poorly! You didn't do so well")

}

1] "The company did it great! You did better!"”

+ if(my_score > company_score) {

- print("The company did it great! You did better!")
- }else if(my_score == company_score) {

- print("The company did it great! You too!")

+ telse{

+ print("The company did it great! You didn't do so well™)
+

+ telse{

+ if(my_score > company_score) {

- print("The company did it poorly! You did better!")
- telse if(my_score == company_score) {

- print("The company did it poorly! You too!"™)

+ telse{

+

+

+

[

>

LEARNING
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Loops
While

while(condition){
#statements to be repeated

#as long as condition is true

P EB L_J SVMIIAL VI Jurvs \‘ ’ 2 =

T X <- ¢(10, 15, 12, 69, 18, 25)
2 i<-1

3~ while(i < Tength(x)){

4 print(x[i])

5 i<-1+1

6 }

6:2 (Top Level) <

Console -/

x <- ¢(10, 15, 12, 69, 18, 25)

i<-1

while(i < Tength(x)){
print(x[i])
i<- 1+ 1

+ }

[1] 10

i11 15

1] 12

[1] 69

[1] 18

>

+ 4+ VVY

LA AN TR
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Loops
While

Console -/

1 x <- c(0, 15, 12, 69, 18, 25) > x <- c(10, 15, 12, 69, 18, 25)

2 .i e 1 - ou S - |

3 found <- FALSE i B

4~ while(!found){ G >

5+ if(x[i] > 50){ - found <- TRUE;

6 found <- TRUE; I }eg;l?t(x[i])

g }e!');;?t (x[iD) - print(”stil looking for element > 50")

4 - i<- 1+ 1

9 print(”"stil looking for element > 50") + 3

10 i<- 1 +1 +

11 } ;- . .
[1] "stil looking for element > 50

12 [1] "stil looking for element > 50"

150N } [1] "stil looking for element > 50"
[1] 69
> |

<¥NCOI
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Loops
For

for(el in vec){
print(el)

OR

for(i in 1:length(vec)){
print(vec(i])

T x <- c(10, 15, 12, 69, 18; 25)
2~ for(el in x){
3~ if(el > 50){
4 print(el)
5 }
6 1}
7
8~ for(i in 1:1ength(x)){
9~ if(50 > x[i]){
10 print(x[i])
11 }
12 }

12:2 (Top Level) =
Console -/

> X <= c(10, 15, 12, 69, 18, 25)
for(el in x){

v

+ if(el > 50){

+ print(el)

+

+ }

[1] 69

>

> for(i in 1:length(x)){
+ if(50 > x[11){
- print(x[i])
+

+ }

[1] 10

(1] 35

[1] 12

[1] 18

[1] 25

\'%
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http://www.sr.bham.ac.uk/~ajrs/R/r-function_list.html

Functions
Great functions to know

summary(x) # Returns a summary of x: mean, min, max etc.
c(x) # A generic function which combines its arguments
cat(x) # Prints the arguments

append() # Add elements to a vector

seq(1,10,0.4) # Generate a sequence (1 -> 10, spaced by 0.4)
sort(x) # Sort the vector x

order(x) # list sorted element numbers of x

tolower(), toupper() # Convert string to lower/upper case letters
unique(x) # Remove duplicate entries from vector

head(df) # Return the headers and the first entries

tail (df) # Returns the headers and the last entries
length(x) # Return no. of elements in vector x

range(x) # Returns the minimum and maximum of x
abs(x) # The absolute value of "x”

var() # Calculate variance

sample() # Random samples & permutations

mean(x), weighted.mean(x), median(x), min(x), max(x), quantile(x)

floor(x), ceiling(x), round(x), signif(x), trunc(x) # rounding functions




Functions
Create your own function

1~ my_sum <- function(x, y) {
2 return (x + y)
35 }
4
my fun <- function(argl, arg2 = TRUE){ o 51w, 2)
expressions
return (value) _—
Console -/
> my_sum(1,2)
[1] 3

> |







Regular Expressions
Pattern recognition

Sequence of (meta)characters
Pattern existence

Pattern replacement

Pattern extraction

10

11

12

Metacharacter

A

$
1

()

{}

Metacharacter
name
caret

Dollar sign
Square bracket
Parenthesis
Question mark
Plus sign

Multiply sign

Dot
Pipe symbol

Escaping
character

Exclamation
symbol
Curly Brackets

Meaning
denote the beginning of a regular expression

denote the end of a regular expression or
ending of a line

check for any single character in the character
set specified in []

Check for a string. Create and store variables.

check for zero or one occurrence of the
preceding character

check for one or more occurrence of the
preceding character

check for any number of occurrences
(including zero occurrences) of the preceding
character.

check for a single character which is not the
ending of a line

Logical OR

escape from the normal way a subsequent
character is interpreted.

Logical NOT

Repeat preceding character

LEARNING
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grepl & grep . 1 teacher? <T‘C("Jens", "Joh'an"', "M;fhias", "caroline")
Pattern matching

2 grepl(”"a”, teachers)
3 grep(”a”, teachers)

S —

3:20 (Top Level) =

Console -/

> grepl(”a"”, teachers)
[1] FALSE TRUE TRUE TRUE
> grep(”a", teachers)

[1] 2 3 4
>
grepl(pattern = <regex>, x = <string>)
5 ,1 teéZher;‘;t‘c("Jens", "Joﬁéﬁ", "Mézthias", "caroline")
grep(pattern = <regex>, x = <string>) 2 grepl("A.e", teachers)

3 grep(”e$”, teachers)

3:21 (Top Level) <

Console -/

> grepl("A.e", teachers)
[1] TRUE FALSE FALSE FALSE

> grep("es$"”, teachers)
1] 4

>

<UNCOI
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sub & gsub
Pattern replacing

1 teachers <- c("Jens", "Johan", "matthias", "caroline")
2 sub("a", "e", teachers)
3 gsub("a", "e", teachers)

3:25 (Top Level) =

Console -/
> sub("a", "e", teachers)
[1] "Jens" "3Johen" "Metthias" "Ceroline"
> gsub("a", "e", teachers)
[1] "Jens" "Johen" "Metthies" "Ceroline"
sub(pattern = <regex>, replacement = <str>, x = > |
<string>) | - o B
1 teachers <- c("Jens", "Johan", "matthias", "Caroline")

2 sub("aloli", "e", teachers)
3 gsub("alo|i", "e", teachers)

gsub(pattern = <regex>, replacement = <str>, x =
<string>)

3:29 (Top Level) <

Console -/

> sub("aloli", "e", teachers)

[1] "Jens" "Jehan" "Metthias" "Ceroline"
> gsub("aloli", "e", teachers)

[1] "3Jens" "Jehen" "Metthees" "Cerelene"

> |

LEARNING
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sub & gsub
Pattern replacing

1 teachers <- c("Jens@gmail.com”, "Johan@hotmail.com”, "Matthias@localhost.be"”, "Caroline@skynet.be")
2 gsub("A.+@([A-Za-20-9_J+)\\..+", "\\1", teachers)
3

3:1 ~ (Top Level) =

Console -/

> gsub("A.+@([A-Za-z0-9_]+)\\..+", "\\1", teachers)
[1] "gmail” "hotmail" "lTocalhost™ "skynet"

>

<¥NCOI
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as.Date
Format string to Date object

new data <- as.Date(“2017-09-16")

new data <- as.Date(“2017-16-09”, format="%Y-%d-%m")

new_time <- as.POSIXct(“2017-09-16 14:25:36")

Default format:
%Y-%m-%d

%Y
Yoy
%m

%d

%a
%A

%b
%B

4-digit year
2-digit year
month (00-12)
day as number

abbreviated weekday
unabbreviated weekday

abbreviated month
unabbreviated month

Mon
Monday

Jan
January




Date and time Calculations
Date & times

» my date + 1
[1] 2017-09-17

» new_time + 1
[1] “2017-09-16 14:25:37"

Also possible to calculate time differences between two
date objects




Data Cleaning




Tidy data
Principles

= Each table only consists of 1 observational unit per table
= Observations as rows

= Variables as columns

| Age-Gender !Hair Color
Jens 24-M Brown
Matthias 27-M Brown
Johan 24-M Brown

182
190
75




Tidy data
Principles

= Each table only consists of 1 observational unit per table
= Observations as rows
= Variables as columns

Jens FALSE TRUE FALSE 182
Matthias 27 FALSE TRUE FALSE 190
Johan 24 FALSE TRUE FALSE 175
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Tidy data
Principles

= Each table only consists of 1 observational unit per table
= Observations as rows
= Variables as columns

Jens Age 24
Jens Hair_color Brown
Jens Height 182
Matthias Age 27
Matthias Hair_color Brown
Matthias Height 190
Johan Age 24
Johan Hair_color Brown
Johan Height 175



Tidy data
Principles

= Each table only consists of 1 observational unit per table
= Observations as rows

= Variables as columns

Age ’ Gender ‘ Hair Color

Jens 24 M Brown
Matthias 27 M Brown
Johan 24 M Brown

182

190
175




Tidy data
Overview

Reshaping data to change the layout of a dataset.

Tidy data complements R’s vectorized operations. R will automatically preserve observations as you
manipulate variables. No other format works as intuitively with R

000000
000000
000000
000000

variables observations values



Tidy data
Overview

Reshaping data to change the layout of a dataset.

Tidy data complements R’s vectorized operations. R will automatically preserve observations as you
manipulate variables. No other format works as intuitively with R




Tidyr
gather, spread, separate, unite

tidyr is a R package build for creating tidy data in R.
tidyr can be used to manipulate your data.
Often tidyr is used in combination with dplyr.

install.packages(“tidyr”)

library(tidyr) Q/_\
YNCOI




Tidyr
gather

Gather columns into rows.

. A C
Il

gather(dataset, “key”, “val”, 2:4)




Tidyr
spread

Spreads rows into columns

O D
) .
- B

spread(dataset, Key, Value)

<$NCOI



Tidyr
separate

Separate one column into several

T D <
mes) RS
——

separate(dataset, col, c(“c1”, “c2”, “c3"), sep = “-")

<$NCOI
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Tidyr
unite

Unite several columns into one

a2 a3 ool
| —
| —

' Il)

unite(dataset, col, c(“c1”,"c2”, “c3"), sep = “-

<$NCOI
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Missing and special values

How to handle

is.na(scores

na.omit(scor

SNV A WN -

v
~nN
w

(Top Level) =

Console -/
> is.na(scores)

scores <- data.frame(testl = c(8, 6, NA, 9, 10, 4.5),

test2 = c(6, 5.5, 7, NA, 7.5, 8.5),

test3

)

es)

w7, 8, 0.5, & 3, NA))

complete.cases(scores)
scores[complete.cases(scores),]

Watch out for NA from other

- testl test2 test3 file formats:

,] FALSE FALSE FALSE

[2,] FALSE FALSE FALSE #N/A (Excel)

[3,] TRUE FALSE FALSE :

[4,] FALSE TRUE FALSE Smgle dot (SPSS, SAS)

[S,] FALSE FALSE FALSE

[6,] FALSE FALSE TRUE NGN

> complete.cases(scores) .

[1] TRUE TRUE FALSE FALSE TRUE FALSE Wh”e space

> scores[complete.cases(scores),] :
testl test2 test3 Empty Strmg

1 8 6.0 7

2 6 i 8

5 10 £oD 5

na.omit(scores)

v

testl test2 test3

1 8 6.0
2 6 5.5
5 10 7.5
> |

7
8
5
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Visualization




Plot types
Different plot typesin R

Plot - Generic
Hist

Truehist
Density
Qqplot
Sunflowerplot
Boxplot
Mosaicplot
Bagplot
Corrplot
Rpart

1 2 3 4 5 8 7 8

50 100 150 200 250 300
1 1 1 1 1 1
o0
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Plot types
Characterizing a single variable
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Plot types

Characterizing a single variable

Scatter plot
°
° o
°
~ - o o
° %0
° ° ° ° o
°° ° ° ° o0
* o0 ° o0 © °
© - ° 3 ° ° © °
o © @ o © o ° ° 3
o © o oo ° % °
o ° o 4
= 9 o ° e o %o ¢
§ @ . ¢ u8 o 3 ® ¢ @ ° % ° °
O o
s v o ° ° °p o4 » o ° o °
2 0 40 ° o
af ° % °°°o S 4 ° o ©
o o °
°° o o: 00 Yo% °o o o RPN
° °
o ° ° °° Oigt @ . ° % ° .0
° ° %o ° °
o % ° o ©
° - @ ®o
°
o o s °
™ - ° L4
o o
° °
°
T T T T T
0 50 100 150 200
Index
(=]
(=)
g ]
o
8
%*o
<
-
a v
-
o
o
= 4
o
o
o
T T T T T T
2 3 5 6 7 8

N =200 Bandwidth =0.3171

normal

005 010 015 O. 025 030 035

0.00

Historgram

QQ-plot

norm quantiles



Plot types
Generic Plot

plot(normal, type="p", main="type: p")
. . - plot(normal, type=:1::, majn=::type: 1::)
Generic function for plotting of R e e
objects.
type: p type: |
<
] o o 3
~ o < 5 ~ —
- < @ <
Usage: L owme TG 88 R Cgeenn” s Bge %, OO
© %o o] & <@ o o° 0?0 © ©
| f £ ws o o0 0%, ® o0 2 308e° £
pOX y PR 5 w-H o . 2 o & 000 ° o o & o 5 0 -
AR 41 = ° o 3L % & °% % o %ooofe . £
= - 080%0 ° o o ° 00 :oo & °° °°°@ % =
A f o " © °° °<> 000 <& 2 00) 0& OO 2
rguments: o o g
g "n = I - I I I <>I I I I I I
’rype: p" points 0 50 100 150 200 0 50 100 150 200
”l” |ines Index Index
“b" both
“o" both *over plotted’ type: h
“h" histogram
“s" stair steps . .
“S" other Steps s ]
" n * % 0 - % 0 -
n” no plotting 2 2
. T — = —
An overall tittle for the plot
4 ™ — ™ —
a sub title for the plot
. - 0 50 100 150 200
a title for the x axis
Index Index

a title for the y axis
the y/x aspect ratio
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Plot types

Histogram
The generic function hist compufes a hist(normal, freq = TRUE, main="Histogram”, x1ab = "values”, ylab = "Freq.")
histogram of the given data values.
E]/isz}q(; ) Histogram

g —_
Arguments:
plot: logical. Plot graph/Only calculate 8 -
main: an overall title for the plot 5
freq: logical. Frequency/density &
col: a colour to be used to fill the bars =R
sub: a sub title for the plot — A — -
xlim, ylim:the range of x and y values - | T T T T l
axes: logical. Show axes 3 : 5 6 7 8
xlab: a title for the x axis Vakiss

ylab: a title for the y axis

<UNCOI
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Plot types

True Histogram

truehist(normal, nbins = 6, main="True Hist", prob = FALSE, xlab = "values", ylab = "Frequency")
= truehist(normal, nbins = 6, main="True Hist", prob = TRUE, xlab = "values", ylab = "Probability")
Creates a histogram on the current
graphics device. Tee Hist
i
5 —
Usage: 5 9
- c- N
truehist(x, ...) 2 K-
== ——
| | | | | | |
Arg.umem‘s, : 5 " i . & - 3
nbins:  The suggested number of bins
i . |
“Scott”, “Freedman-Diaconis”, Values
IIFDII
Positive number True Hist
h: bin width S ]
prob: logical. Probability/frequency B 2
xlim: the limits for the x-axis 8 w©
s ; S o
ymax: the upper limit for the y-axis . S
col: the colour for the bar fill. S - m— . : . : “l
xlab: the label fort the plot x-axis 2 3 4 5 6 i B
Values

LEARNING
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Plot types
Density plot

Densi-l-y estimates may be rega rded as I;:zzé?gzr::;!éy?ﬁlp;;?c;;sity plot & Histogram", freq = FALSE, xlab = "values”, ylab = "Probability")
SmOthed hiSfogerS plot(density(normal), main = "Density plot")
Density plot & Histogram
S —
z
: - #“_ﬂ\
= | T ] T ] |
Uscige? 3 4 5 6 7 8
. V
plot(density(data)) e
lines(density(datal)) By
2 °-
-
§ i I [ [ [ [ [ I
2 3 4 5 6 T 8

N =200 Bandwidth=0.3073
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Plot types
QQ-plot

qgPlot (normal, main = “QQ-plot\nNormal distribution")

qqPlot(p2, main = "QQ-plot\nRandom/categorical distribution™)
Quantile-Quantile Plots Q@-plot
Normal distribution
T © 7
£
5 w o
(e
n——
% =
T
-3
Usage: norm quantiles
BlofX.
q9 ( 4 QQ-plot
Random/categorical distribution
Arguments: S 5
main: an overall title for the plot 5
xlab,ylab: labels of x and y axis & |
2 < |
¥ _I = T
3 3

norm quantiles
<SNCOI
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Plot types
Visualizing relations between two variables

Scatter plot SunflowerPlot
o - < o -~ .
~ ~ -
o o
S 0 - o o © - .
b [d
2 2
& W 5 ©
o o
s - ° ° s - *
" g i
E o+ o E oA A
=z =z
o o o o bk <fi
- -0 ° b —}J( l
T T T T T T T T T T
4 5 6 7 8 4 5 6 7 8
Cylinders Cylinders
Mosaic plot Boxplot
1 2 B o Al 08 ® - °
s
w [
s § o —
@ @ ]
5 =« s :
£ F=3
® ® 27 :
o o H
- T e -
o ey o
£ £
S S ™ -
=z =
]
© N :
]
H
= o =" T T T
Cylinders 4 6

Cylinders 8 %‘
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pch 0 1 2 3 4 5 6 7 8 9 10 1" 12 13 14 15 16 17 18 19 20 21 2 23 24 25
PlO“'ypeS 00 A+ X OV R ¥ & o B B 2 W e A ¢ @ ¢ 0O O A VY
G - f = f I - f R b1of(mtcars$c§1: ﬁ\icarsScarb, main = "Scatter plot"”, xlab = "Cylinders", ylab = "Number of carburetors™)
eneric tunction tor plotting o
objects. Scatter plt
Usage: = ’
plot(x, vy, ... g
Arguments: :.f
pch: plotting character g < o o
col: color of character z
xlab: a title for the x axis £ .
ylab: a title for the y axis
asp: the y/x aspect ratio oo .
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Plot types
Sunflower plot

sunflowerplot (mtcars$cyl, mtcars$carb, main = "sunflowerpPlot”, xlab = "Cylinders"”, ylab = "Number of carburetors")

Multiple points are plotted as ‘sunflowers’
with multiple leaves (‘petals’) such that
overplotting is visualized instead of accidental
and invisible. . v

SunflowerPlot

Usage: e
sunflowerplot(x, vy, ...

Arguments:
log: “y" converty to log scale

" n

x" convertx to log scale
“xy"” convertx andyto log scale

pch: plotting character

character size

An overall tittle for the plot

a sub title for the plot

a title for the x axis o 3K

a title for the y axis

the y/x aspect ratio = i
4

5 Cyli:ders 7 8 %‘
4

Number of carburetors
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Plot types

Mosaic plots
p mosaicplot(carb ~ cyl, data = mtcars, main = "Mosaic plot"”, xlab = "cylinders", ylab = "Number of carburetors")
Plots @ mosaic on the current graphics device. NGsalG pict
1 2 3 4 6 8

Usage:
mosaicplot(x, vy, ... o -
Arguments: 8
main: An overall tittle for the plot 3

. £
sub: a sub title for the plot 3 s e ot
xlab: a title for the x axis
ylab: a title for the y axis
sort: vector ordering of the variables
dir: vector of split directions “v” and -
IIhII

Cylinders

{NCOI
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Plot types

Boxplo's boxplot(carb ~ cyl, data = mtcars, main = "Boxplot”, xlab = "Cylinders"”, ylab = "Number of carburetors")

Produce box-and-whisker plot(s) of the given Boxplot

(grouped) values.

Usage: .

boxplot(x, y; .. ) |

Arguments: ;g S

formula: a formulay ~x, 5

data: a data.frame for var. from formula e

subset:  an optional vector i

main: An overall tittle for the plot gy

sub: a sub title for the plot

xlab: a title for the x axis by

ylab: a title for the y axis |

horizontal:logical. Horizontal or vertical plot = o —

‘ 0 !

Cylinders
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Plot types

if(!require(aplpack)){
B I ' install.packages("aplpack™)
agp o s Tibrary("aplpack™)
}

bagplot (mtcars$cyl, mtcarss$carb, main = "Bag plot"”, xlab = "cylinders", ylab = "Number of carburetors™)

bagplot() computes and plots a bagplot. Bag plot

Usage: 7

bagplot(x, v, ... s

Arguments: E

¢bagplot g < -
=

Cylinders
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if('require(corrplot)){ 1
PIO' types 'instgllj'l.packaggs("corrp1ot") reqUIre(corrPIOt)
Tibrary(“"corrplot™)

}
cormatrix <- cor(mtcars)

correlution mu'rix corrplot(cormatrix, method = "ellipse™)|

title("Correlation mMatrix")

cor computes the variance of x and the covarniance or Correlation Matrix
correlation of x and y if these are vectors. If x and y are
matrices then the covariances (or correlations) between the
columns of x and the columns of y are computed.

mpg

o
=

disp

Usage:
corMatrix <- cor({dataframe)

corrplot(corMatrix, ...)

- 04

pe- 8
o

INIII

r 02

Q
=
(]
=1

=4

Arguments:

Method: Method to use to display correlation gsec
“ellipse”
“circle”
“square”
“number”

r -02

- -04

Q
[0
O
=

NS

-0.8

carb

NOO/ININN" /-

1
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Plot types e el iy O require(rpart)

Tibrary("rpart")
}
treeMmodel <- rpart(mpg ~., data = mtcars)

e o
DeCISIon 'ree mOdeIs plot(treemodel, main = "Tree Model")

text (treemodel)

Recursive Partitioning and Regression Tree Model
Trees oS

Usage:
treeModel <- rpartly ~. , data =

dataset)
plot(treeModel)
text(treeModel)

hp>=192.5

Arguments: 26.66

¢rpart

ZTeXT 13.41 18.26
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Multiple plots
par

With par and the argument mfrow it is
possible to create a combination of
multiple plots.

Usage:

r <-1

€ <- 2

par(mfrow = c(r, c))

plot(x, y, main = “plot 1”)
plot(a, b, main = “plot 27

LEARNING
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Multiple plots
layout

With the layout function we can decide
where we want to place which plot.

Usage:

rowl <-¢(1, 1, 2)

row2 <-¢(1, 1, 0)

layoutMatrix <- matrix(c(row1, row2),
byrow = TRUE, nrow = 2)
layout(layoutMatrix)

plot(x, y, main = “plot 1”)

plot(a, b, main = “plot 2”)

Number of carburetors

SunflowerPlot

Scatter plot

Number of carburetors
1 2 3 4 5 B8 7 8
1 1 1 1 1 1 1 1

}

Cylinders
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® ch 0 1 2 3 4 5 6 7 8 9 10 1" 12 13 15 16 17 18 9 20 21
Plot Details P DOA+XOVE 60U EB B O m eAe+ oo
®
Points
With the points function it is possible to
add pointto an existing plot. _ _
line plot + red triangle
plot(x, y) ; [ #1 1
points(pointsx, pointsy, pch = 17) g o+ & Ll g
ArgUmenfS.’ < Al ! | ) fﬂl A vk A
pch: point character 1 i | ¥ L
col: color of character = L a
type: Same as type of plot 0 50 100 150 200
Index
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Plot Details
Lines

With the lines function it is possible to
add lines to an existing plot.

Usage:
plot(density(datal))
lines(density(datal))

Arguments:
pch: point character
col: color of character

type: Same as type of plot
lwd: Line width

Probability

04

02

00

Density plot & Histogram

o | e

I I
5 6

Values



Plot Details
Lines = lineair

With the abline function it is possible to
add a line to an existing plot with
intercept a and slope b.

Usage:

plotly ~ x, data = z)

lineair model <- Im(y ~ x, data = z)
abline(lineair_ model)

mpg

30

25

20

15

10

T T T
50 100 150 200 250 300

hp



Plot Details
Lines - trend

With the supsmu function it is possible
create a trendline which can be plotted
on an existing plot with the lines
function.

Usage:

plotly ~ x, data = z)
trend <- supsmu(z$x, z$y)
lines(trend)

mpg

30

25

20

15

10
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Plot Details
Text

Explanatory text can be added to
existing plots based on coordinates.

Usage:
text(x, y, labels, adj)

Arguments:

X, ¥ Coordinates

labels: label or vector of labels
adj: 0: center, -1: left, 1: right
col: color of text

srt: rotation in degrees

cex: text size

font: I noermal, 2: bold, 3: italic, ...

mpg

30

25

20

15

10

T
50

T
150

T
200

T
250

T
300
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°® plot(mpg ~ hp, data = mtcars, type = "n", main = "mpg vs hp")
ot etul s text(mtcars["Honda Civic",]Shp, mtcars["Honda Civic"”,]$mpg, labels = "<- Honda Civic"”, col = "red”, srt = 45, adj = -0.1 )

points(mpg ~ hp, data = mtcars, subset = cyl > 5, pch = 17, col = "red")
points(mpg ~ hp, data = mtcars, subset = cyl <= 5, pch = 16, col = "green")
legend Tegend("topright”, pch = c(17, 16), legend = c("cyl > 5", "cyl <= 5"), col = c("red", "green"))

mpg vs hp

A Legend can be added to a plotto
describe each point on the plot with the
legend function. o

4 cyl>5
* cyl<=5

30
|

Usage:
legend(x, y, pch = ¢(), legend = ¢())

25

Arguments:

X,Y: x and y coordinate of legend
or 2

position: position of legend ("topright")

pch: vector of characters used on plot ‘

legend: vector of legend values

col: color of the legends

mpg

>

15
|
>
»

10
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Plot Details
Axes

axis(side = 3, at = c(100, 200, 300), labels = c("100", "", "300"))

100 mpg vs hp 300
1 L 1

With the axis function it is possible to
add extra axis to an existing plot.

A oi>5
* cyl<=5

30
1

Usage:
axis(side, at = ¢(), labels = ¢())
Arguments:
side: 1 below
2 left
3 above
4 right
at: points where tick marks are made

mpg

labels: labels at drawn ticks
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Case - BigBazaar

prep_data.r:
pre processing and sampling data file
Investigate _promotions.r:
filtering a dataframe
transactions_and_oil.r:
application of linear regression to predict and plot the relation between oil prices and the
amount of transactions
data_all_APriori.r:
application of the APriori algorithm to detect associations between oil prices, sales, items and

stores




