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Introduction to Statistics and R

Module 0: Introduction to R
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Module Il: Statistical Inference
June 8th

Module lll: Statistical modeling &
Regression

June 9th

Bioinformatics room
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10:00-13:00
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Outline
day 1 — May 25th
R Studio
R basics

Data types
Data structures: Vectors
Input/Output



Outline
day 2 — May 26th

e Data structures:
— Matrix
— Data Frames

* More on Input and Output



Outline
day 3 — May 29th
e Lists

* Library / packages
— CRAN
— Bioconductor

e (Writing functions in R)



Outline
day 4 — May 30th

* Graphingin R:
— basic graphing
— introduction ggplot2 package



Getting started

What is R?

* Used for data manipulation, calculation and
graphical display.

* Open source!
https://www.r-project.org/

* Interactive, flexible

* Very active community of developers and users!



R Studio



R Studio
R studio?

* Free and open source Integrated
Development Environment for R

* Available for Windows, Mac OS and Linux

(?,Chnr‘”r\:

05/2017



R Studio

Install R Studio locally

* https://www.rstudio.com/products/rstudio/
download2/

05/2017 10



R Studio

Connect to R Studio on the CRG server via
a web browser

* http://rstudio.linux.crg.es/

Sign in to RStudio

Username:

Password:

Stay signed in

05/2017

11



R Studio

Connect to R Studio on the CRG server via
a web browser

* http://rstudio.linux.crg.es/

* Connect with your CRG mail credentials



Q

@7 Untitled1*

R Studio

ME=Sd~ W=

|_| R packages available

2R | Source on Save

# get working directory
getwd()

1

2

3

4 # load packages

5 library("ggplot2")$
6 library("limma")
7

8

9

# create matrix
a <- c(1:10, nrow=2, ncol=5)

# create list

5:20 (Top Level) =

Console

>

>

# get working directory
getwd()

[1] "/Users/sbonnin™

>
>
>
>
>
>
>
>
>
>
>

[13] "Prdjécts017

# load packages

<- list(Ca, c("first", "second"

Screen:

oo v Addins v

Q /-

2. R script

, "third"))

library("ggplot2")
library("limma")

1. Console

# create matrix
a <- c(1:10, nrow=2, ncol=5)

b <- list(a, c("first", "second", "third"))

list.filesQ
[1] "Applications”
[5] "Dropbox"
[9] "Library"

"Desktop™

"Movies"
"Public"”

"Dropbox (CRG)"

"Documents"” "Downloads™
"Dropbox (Personal)" "DropboxCRG"
"Music" "Pictures"”

4 windows

& Project: (None) ~

=[] Environment  History —

~% Run o Source ~ % [ | 2 Import Dataset~ | § List~
7} Global Environment~
Values
a Named num [1:12] 1234567 8 9 10 ...
©Ob List of 2
[ ]
3. Environment
and histor
tory
Files Plots Packages Help Viewer —
&) New Folder @ | Delete (& Rename | ik More~
4 Home
R Script + 4 Name Size Modified
— ™ &= .R
- =1 .Rhistory 815 B Apr 13, 2016, 6:14 PM
(1 Applications
[l Desktop
(1 Documents
= °
2| 4. Files, plots,
(|
=1 packages, help
=
[l Library
(1 Movies
(1 Music
(I Pictures
&1 Projects 13

(2]l Public



R Studio

Create a directory and subdirectories
for the course

StatsR_May2017/

-- Module0
-- Modulel
-- Module2
Files Plots Packages Help Viewer
- MOdUIe3 & INew Folder & Upload @ Delete [+]Rename 4 More ~

() 42 Home ~ StatsR_May2017

A Name

New Folder
t.
| Module0 Please enter the new folder name
) &1 Modulel Module3
) & Module2

OK Cancel

05/2017 14



R Basics



Getting started

Elementary arithmetic operators

addition +
subtraction -
division /
multiplication *

exponentiation N o **



Getting started

example:

05/2017

object

R base syntax

what is stored
in the object

a<-10

:

assignment
operator

17



Getting started

Objects in R Studio

The object can be found in the "Environment”
tab of R Studio.

Environment History

# Import Dataset ~ 4 List =

™ R
Global Environment
Values
myobject 2L



Getting started

example:

R functions

function()

getwd()

|

function




Getting started

R functions

function(argument)

example:

setwd
1 J

("StatsR_May2017")
L ]

|

function

05/2017

|

argument

20



Getting started

example:

05/2017

R functions

a <- function()

function

/

myobject <- f'getwdl()

assighment
operator

21



Getting started

Getting help on a function

* help(getwd)
e ?getwd

 Tab "help" in R Studio

Files Plots Packages Help Viewer
’ /.\ 2N getwd

R: Get or Set Working Directory ~

getwd {base} R Documentation

Get or Set Working Directory

Description

getwd returns an absolute filepath representing the current working directory of the R process; setwd(dir) is used
to set the working directory to dir.

05/2017
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Getting started

Example of functions

e example(mean)

mean> x <- ¢(0:10, 50)
mean> xm <- mean(x)

05/2017
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Getting started

R script

e Store commands in a ".R" script

e Execute commands or blocks of commands
from R studio



Getting started

R syntax

* Case sensitive
e Comment lines start with #

e Commands separated by ; or a new line



Data Types

Numeric
Character

Logical



Data types

Data Types

* Every object has a data type that tells what
sort of value it is:

— Numeric (Numbers)
— Character (Text)
— Logical (True / False)



Data types

Data Types

e a<-10
— str(a)
num 10

* b<-"word"
— str(b)
chr "word"

05/2017
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Data Structures

Vectors
Matrices
Data frames

List



Data Structures

Vectors



Data structures

Vectors

e Sequence of data elements of the same type

* Assignment of values to vector using the

¢ command (combining elements)

a<-€(1,9,4,8,0,11, 7)



Data structures

Numeric vectors

* Create a sequence of consecutive numbers

a<-c(1,23,4,5,6,7,8,9, 10)

a<-1:10



Data structures

Character vectors

* each element is between (double) quotes

b <_ C("tESt", llokll)



Data structures

Vector manipulation

 Fetch elements of a vector a:

values 1 9 4 8 0 11




Data structures

Vector manipulation

 Fetch elements of a vector a:

values 1 9 4 8 0 11

indices 1 2 3 4 5 6

05/2017



Data structures

Vector manipulation

* Fetch elements of a vector a:

values 1 9 4 8 0 11 7

indices 1

f

N/

all] al2:4] alc(5,7)]

—

05/2017



Data structures

Vector manipulation

* Get length of a vector

a<-1:5
[1] 5
length(a)



Data structures

Vector manipulation

* Replacing a vector’s value:

a<-1:5
(1112345

a[2] <-3
(1113345

05/2017
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Data structures

Numeric vector manipulation

e Add 2 to each element of a numeric vector

a<-1:5
a+?2
(1134567



Data structures

Numeric vector manipulation

* a<-1:5
* Is 2 presentina?
g ==
[1] FALSE TRUE FALSE FALSE FALSE
 Which element of a are superior to 2
a>?2
[1] FALSE FALSE TRUE TRUE TRUE

05/2017
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Data structures

Numeric vector manipulation

e a<-1:5
* Select elements superior or equal to 2
a>=2
1 2 3 4 5

[1] FALSE TRUE TRUE TRUE TRUE

ala >= 2]

2 3 4 5

05/2017



Data structures

Vectors comparison
the %in% operator

e a<-2:6
e b<-4:20

* What elements of aareinb?
a %in% b

[1] FALSE FALSE TRUE TRUE TRUE

* Get the actual values of athatareinb
ala %in% b]

[114 56

05/2017
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Useful commands

Logical operators

inferior <
inferior or equal <=
superior >
superior or equal >=
equality ==
inequality 1=
not x Ix

x OR'y x|y

x AND y X&y




Useful commands

Obtaining summary statistics

average/mean mean(x)
median median(x)
minimum min(x)
maximum max(x)
variance var(x)

correlation cor(x)




Exercise 1:
Numeric vector manipulation



Data structures

Character vector manipulation

PY b <_ C("Ok”, I|yeS , I,.]()Il’ Ilokll)
e Select all the "ok" elements

—_— llokll
ok yes no ok
[1] TRUE FALSE FALSE TRUE
b[b == "ok"]

ok ok

05/2017



Exercise 2:
Character vector manipulation



Exercise 1

Vector manipulation

e (Create vector x of 1000 random numbers.
rnorm()

Compute the mean, median, minimum and maximum of
this vector.

mean(), median(), min(), max().

* Createy, vector containing the first 100 elements of x.

 Compute summary statistics of y
summary()

05/2017 48



Input / Output



I/0

File/directory path

* The path of a file/directory is its location in the file
system.

* Your home directory is the one that hosts your
personal folder:

/nfs/users/[yourgroup]/[yourlogin]

e Shortcut to your home directory: ~u



I/0

File/directory path

e Path of the current directory obtained with:
getwd()

[1] "/nfs/users/bi/sbonnin"

 Move one directory up with: setwd("..")
You are now in: "/nfs/users/bi/"

* Go to another directory:
setwd("/nfs/users/bi/sbonnin/test")



I/0

Read in a file into a vector

* scan('file.txt")
By default, scans "double"” elements.
—>can fail if the input contains characters

* scan('file.txt", what="character")
- specify the type of data to scan!

* scan("/users/bi/sbonnin/Dir/file.txt", )
—> If file is not in the current directory:



I/0

Write a vector into a file

* write(ourfile, file="ourfile.txt")

* write(ourfile, file="ourfile.txt", ncolumns=1)
—organizes the data in one column



Exercise 3:
R script



Exercise 2

R script

Create an empty file ex2.R

Within that file:

Create a directory "exercise2" — dir.create()
Go to directory "exercise2" — setwd()

Read file TO ADD into tt object — scan()

Add 10 to each element of the vector

Werite result into a file — write()

")

Goes back to home directory — setwd(

Execute script ex2.R — source in RStudio

05/2017
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Data structures

Factors

* Factors are categorical vectors

* Important for:
— plotting
— statistical modeling



Data structures

Factors

e Like vectors but with levels that represent
each category

e <- factor(c("high", "low", "medium", "low"))

e

[1] high low medium low
Levels: high low medium



Data structures

Factors

* Levels can be given ordered

e <- factor(e, levels=c("low", "medium", "high"),
ordered=TRUE)

S

[1] high low medium low
Levels: low < medium < high



Data structures

Factors

 Example of a character vector versus a factor

e <- factor(c("high", "low", "medium", "low"))
e2 <- c("high", "low", "medium", "low")

str(e)

Factor w/ 3 levels "high","low","medium": 12 3 2
str(e)

chr [1:4] "high" "low" "medium" "low"

05/2017 59



Outline
day 2 — May 26th

e Data structures:
— Matrix
— Data Frames

* More on Input and Output



Data Structures

Matrices

Data frames



Data structures

Matrices

A matrix is a vector of 2 dimensions

e All columns in a matrix must have :

— the same type (numeric, character, logical)
— the same length

b <- matrix(c(1, 0, 34, 44, 12, 4),
nrow=3,
ncol=2)



Data structures

Matrices

34 | 4




Data structures

Matrices
b
A i
1| 1 | 44
> | 0 | 12
3| 34 | 4

l J
row indices

05/2017



Data structures

Matrices

* Fetch rows, columns or single elements of a
matrix:

b,

row column
indices indices



Data structures

05/2017

Matrices

) :I column
1 indices

< - b[,Z]

row
indices

66



Data structures

Manipulate matrices

add 1 to all elements of a matrix
b<-b+1

multiply by 3 all elements of a matrix
b<-b*3

subtract 2 to each element of the first row of a matrix
b[1,] <-b[1,] -2

replace elements that comply a condition:

b[b>3] <-4



Data structures

Data frames

e Structures of 2 dimensions.
* More general than matrices.

e Different columns can have different types but
must have the same length.

d <- data.frame(c(1, 3, 34),

C("nO , Ok", llyeSlI)’
¢(TRUE, TRUE, FALSE))



Data structures

Data frames

* Fetch rows, columns or single elements of a
data frame:

d 1 2 3
d[1,] /17 1 no | TRUE
2 3 ok | TRUE

d[5,1]\3) 34 yes | FALSE

05/2017



Data structures

Dimensions

e Get dimension of data frame or matrix

e dim(b)
first element: number of rows
second element: number of columns

* nrow(b)
* ncol(b)



Data structures

Manipulate 2-dimensional objects

 Same principle as for vectors... but 2-dimensional.

e Select rows of b if elements in column 1 are superior
to O:

1144 b[b[,1] >0,] 1 | 44

34| 4

34 | 4




Data structures

Manipulate 2-dimensional objects

 Select columns of b if elements in row 3 are inferior
or equal to 4:

1|44 44
b[, b[3,]<=4]
0 |12 12

34 | 4 4




Data structures

Manipulate 2-dimensional objects

e Select rows of d if elements in column 3 are TRUE:

1 no | TRUE
3 ok | TRUE
34 |yes | FALSE

05/2017

d[ d[, 3] == TRUE, ]

no

TRUE

ok

TRUE

73




Data structures
Some useful commands for matrices and

data frames

e cbind: adds a column
cbind(d, 1:3)

* rbind: adds a row
rbind(d, 4:6)

* rowSums/colSums: processes the
sum of rows/columns of a matrix

rowSums(b); colSums(b)



Exercise 4:
matrix manipulation



Exercise 3

Matrix and data frame manipulation

 Readin file "" into object "z"
— What is the structure of z ? str(), data.class()
— What are the dimensions of z? nrow(), ncol(), dim(), str(

 Convert z into a matrix m. as.matrix()
— What is the structure of m ? str(), data.class()

 Create a new vector that subtracts the elements of
the first column of z from the elements of the
second column of z



Data structures

Dimension names

 Column and / or row names can be added to
matrices and data frames:

colnames(d) <- ¢("numb", "charac", "logic")

rownames(d) <- c("rowl", "row2", "row3")



Data structures

Dimension names

* Instead of indices, you can use dimension names to
subset a matrix or a data frame:

d coll col2 col3 ] column names

1 2 3 ] column indices

rowl 1 1 no TRUE

row2 2 3 ok TRUE

| ] | J
row row

names indices

05/2017 78



Data structures

Dimension names

* Instead of indices, you can use dimension names to
subset a matrix or a data frame:

d coll col2 col3 :l column names
1 2 3 column indices
rowl 1 1 no TRUE d[,"COl]."] is d[’ll
row2 2| 3 | ok |TRUE d["row2","col1"] == d[2,1]
_J
row row

names indices

05/2017

for data frames:
dScoll ==d[,1] == d[,"col1]
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Data structures

the apply function

 Powerful tool to apply a command to all rows
or all columns of a data frame or a matrix

col2

col3

d

no

TRUE

ok

TRUE

05/2017

apply(d, 2, table)

Scol2
no ok
11

Scol3
TRUE
2
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Data structures

Input / Output

* a<-read.table("file.txt",
sep="\t",  #inputcolumn field separator

header=TRUE # first row of file
) considered as header /

column names vector

* write.table(a, "file.txt",
sep="\t", # output column field separator
col.names=TRUE, # col names written in output file
row.names=TRUE, # row names written in output file

quote=FALSE) # quote around character elements
not written in output file

05/2017 81



Exercise 4:
Data frame manipulation



Exercise 4

R script with matrix and data frame

Create an empty file ex4.R

Within that file:
— Read in file TO ADD into object "z"
— What are the dimension names of z ? dimnames()

— Change column names of z to "plus3"” and "times4" —
colnames()

— add 3 to each element of column 1
— multiply by 4 each element of column 2

Write z into new file "" — write.table()



Outline
day 3 — May 29th
e Lists

* Library / packages
— CRAN
— Bioconductor

e (Writing functions in R)



Data structures

Lists

e Linear structures.

A component of a list can be any data
structure:

- matrix, vector, data frame, list...



Data structures

Lists

 Create a list:

e <- |iSt() # Empty list that can be filled later on

e <- list(c("fir", "sec", "th"), #1* element of the list

C(O,20,4,2), # 29 element of the list
TRUE, # 39 element of the list
matrix(c(2,5,4,6), nrow=2, # 4th element of the list

ncol=2))
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Data structures

Lists

* Accessing elements of a list e:

Ilﬁrll' llsecll’ "th" O’ 20’ 4’ 2 TRUE

list

indices 1 2 3



Data structures

Lists

* Accessing elements of a list e:

"fir", "sec", "th" 0, 20,4, 2 TRUE
A
list
indices =, ! i 2 ’
A
e[[2]](3]

e[[1]]

05/2017



Data structures

Lists

e Each element of a list has a name

* names(e)

* names(e) <- c¢("char", "numb", "bool", "mat")



Data structures

Lists

214
|Iﬁrll’ I|Secll’ llthll O’ 20’ 4’ 2 TRUE 5
list
indices 1 2 3 4
list
names [ chr numb bool mat

o e[["mat"]] == eSmat == e[[4]]

Smat

[,1] [,2]
[1,] 2 4
[2,] 5 6

05/2017

90




Exercise 6:
List manipulation



Exercise 5

List manipulation

* Create:
y <_ IiSt("a"’ llbll’ IICII)
e Assign new names toy: "A" "B" "C" — names|()

* Replace the third element of y with a numeric
matrix of 2x2 dimensions



Libraries / packages



Library / packages

Library/packages

* Packages are collections of R functions, data,
and compiled code in a well-defined format.

* The directory where packages are stored is
called the library.

Definitions from http://www.statmethods.net/interface/packages.html|



Library / packages
R-base: standard packages

e R-base:

about 25 standard packages supplied with R by
default (example: base, stats, graphics).



Library / packages

R-contrib: all other packages

* 2 main repositories:

— CRAN: Comprehensive R Archive Network
10669 packages available
https://cran.r-project.org

— Bioconductor:
1383 packages available
https://www.bioconductor.orqg/

05/2017
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Library / packages

Find packages

* R packages in CRAN:
https://cran.r-project.org/web/packages/

05/2017

Available CRAN Packages By Date of Publication

| Date | Package

| Title

[2017-05-21 [aSPU

IAdaptivc Sum of Powered Score Test

[2017-05-21 [d3r

[d3 js' Utilities for R

[2017-05-21 [dynr

[Dynamic Modeling in R

|2017-05-21 |cdecadcr

|Rcading EDF(+) and BDF(+) Files

|2017-05-21 |GlobalOgtions

|Gcncmtc Functions to Get or Set Global Options

[2017-05-21/[GWmodel

IGcographically-Wcightcd Models

[2017-05-21 [IgorR

IRcad Binary Files Saved by 'Igor Pro' (Including 'Neuromatic' Data)

|2017-05-21 |imputcTS

ITimc Series Missing Value Imputation

|2017-05-21 Ilaggcd

IClasscs and Methods for Lagged Objects

|2017-05-21 |mclust

|Gaussian Mixture Modelling for Model-Based Clustering, Classification, and Density Estimation

[2017-05-21[NPMOD

|Non Parametric Module

[2017-05-21 [numGen

|Numbcr Series Generator

[2017-05-21 [penRvine

IFlcxiblc R-Vines Estimation Using Bivariate Penalized Splines

|2017-05-21 |Phcnotvp_cSimu]at0r

Iﬂcxiblc Phenotype Simulation from Different Genetic and Noise Models

|2017-05-21 |glfMA

IA GUI to View, Design and Export Various Graphs of Data

[2017-05-21 [RANN

IFast Nearest Neighbour Search (Wraps ANN Library) Using L2 Metric

[2017-05-21][regnet

|thwork-Bascd Regularization for Generalized Linear Models

|2017-05-21 |timcrcg

Flexible Regression Models for Survival Data

[2017-05-20[|AIG

|Automatic Item Generator
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Library / packages

Find packages

* R packages in Bioconductor:
https://bioconductor.org/packages

05/2017

Home » BiocViews

All Packages

Bioconductor version 3.5 (Release)

Autocomplete biocViews search:

7 Software (1381)
= AssayDomain (525)
- BiologicalQuestion (507)
- Infrastructure (297)
ResearchField (373)
StatisticalMethod (441)
- Technology (872)
I~ WorkflowStep (735)
I~ AnnotationData (912)
I~ ExperimentData (316)

Bioconductor

OPEN SOURCE SOFTWARE FOR BIOINFORMATICS

Show | All  + |entries

Packages found under Software:

Search table: |

Package Maintainer Title
a4 Tobias Verbeke, Automated Affymetrix Array Analysis
- Willem Ligtenberg Umbrella Package
(e Tobias Verbeke, Automated Affymetrix Array Analysis
— Willem Ligtenberg Base Package
a4Classif Tobias Verbeke, Automated Affymetrix Array Analysis
adassl Willem Ligtenberg Classification Package
T Tobias Verbeke, Automated Affymetrix Array Analysis
B Willem Ligtenberg Core Package
Tobias Verbeke, Automated Affymetrix Array Analysis
adPreproc Willem Ligtenberg Preprocessing Package
- Tobias Verbeke, Automated Affymetrix Array Analysis
24Reporting Willem Ligtenberg Reporting Package
ABAEnrichment Steffi Grote Gene expression enrichment in human

Yonamina Andrew

brain regions

Microarray QA and statistical data
analysis for Applied Biosystems Genome



Library / packages
Bioconductor

* R packages specialized in bioinformatics
analysis

— Supports most types of genomics and NGS data
(e.g. limma, DESeq2, BayesPeak)

— Specific data classes (e.g. Granges from
GenomicRanges)

— Integrates command line tools (e.g Rsamtools)
— Annotation tools (e.g. biomaRt)



Library / packages

Types of Bioconductor packages

e Software: set of functions

e.g. limma (microarray data analysis)

 Annotation: annotation of specific arrays,
organisms, events, etc.

e.g. BSgenome.Hsapiens.UCSC.hg38

* Experiment: data that can be loaded and used
e.g. ALL (acute lymphoblastic leukemia dataset)



Library / packages

Install a package with R studio

N

Install "ggplot2" package

Files | <lots Packages Help Viewer

Install (@) Update
Nam

System Librar,
base64enc
BiocInstaller
bitops
boot
BSDA
car
caTools
class
cluster
codetools
colorspace
compiler
curl

05/2017

Description

—

Tools
Instal

Bitwis

Install Packages

Install from: ? Configuring Repositories

[ Repository (CRAN)

-
. 4

)

Packages (separate multibﬁwith space or comma):

|

Install to Library:

[ /Library/Frameworks/R.framework/Versions/3.2/Resources/| ¢J

v Install dependencies

L Install

Cancel

Version

0.1-3
1.20.1
1.0-6
1.3-18
1.01
2.1-2
1.17.1
7.3-14
2.0.3
0.2-14
1.2-6
3.2.4
0.9.7
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Library / packages

Load a package

* from console
library(ggplot2)

 with RStudio

Files Plots Packages Help Viewer

1 Install @ Update

e | tick the box:
'load"ggplot2" package |tically

A L0gging UTITy Tor K

formatR

futile.le
Futile options management
Various R Programming Tools for Data Manipulation

v ggplot2 An Implementation of the Grammar of Graphics
git2r Provides Access to Git Repositories
gplots Various R Programming Tools for Plotting Data

05/2017
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Library / packages

Listing functions from packages

* Is("package:ggplot2")

[1] "%+%" "%+replace%"

3] "Coord" "CoordCartesian"

5] "CoordFixed" "CoordFlip"

7] "CoordMap" "CoordPolar"

9] "CoordQuickmap" "CoordTrans"
11] "Geom" "GeomAbline"

[13] "GeomAnnotationMap" "GeomArea"
[15] "GeomBar" "GeomBlank"




Library / packages

R Studio server at CRG

* You need to specify a writeable directory to
install packages into!

* Follow these steps:

MNaull

setwd("~") # go to home directory

dir.create("R_packages") # create directory where to store
packages

libPaths("~/R_packages/") # add path to library path

05/2017 104



Exercise 7:
Packages



Exercise 6

Packages

Install and load packages ggplot2 and WriteXLS
ggplot2 contains a dataset called diamonds

what are diamonds’ dimensions?
Store the first 200 rows of diamonds in diams2

Write that data frame into "diamonds200.xls" —
WriteXLS()



Writing functions in R



Functions

User-written functions

* Functions are pieces of code written to carry out
specified tasks and be able to repeat them easily.

* R allows you to create your own functions.



Functions

Functions’ structure

Function’s name Creating the myfunction’s list

\ fu/“CﬁO“ of arguments

myfunction <- function(argl, arg2, ... ){
commands } what myfunction does
return(something)

N

Value / object
myfunction returns
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Functions

Objects in functions

myfunction <- function(arg1){

a<-argl
return(a+1)
}
. >a<-12
> myfunction(10) > myfunction(10)
[1] 11 [1] 11
> a > a

Error: object 'a’ not found 1] 12



Exercise optional 1:
Functions



Exercise 5

Functions

Create an empty myfunctions.R file

Werite a function that outputs the minimum and a
maximum of a numerical vector.

Save myfunctions.R
Source myfunctions.R with the source function.

Test your function on a simple vector, for example:
ve <- ¢(0, 3, -2, 1.5, 8, 4.3, -2.1)



Outline
day 4 — May 30th

* Graphingin R:
— basic graphing
— ggplot2 package



Graphing in R:
basic graphing



basic graphing

Producing graphs

* R-base package graphics offers functions for
producing many plots:

— scatter plots — plot()

— density plots — density()
— histogram — hist()

— boxplots — boxplot()

— pie charts — pig()



basic graphing
Basic scatter plot

* x<-1:10 B .
° y<'XA2 QS O
* plot(x,y) 3 ©
e
o 0
< O
o _ 0
N O
o
o o ©
I l l T |
2 4 6 8 10
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basic graphing

Scatter plot

* plot(x, vy, col="red", pch=2, type="b", main="a
pretty scatter plot")

a pretty scatter plot

80 100

60
|

20
1
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basic graphing

Scatter plot

* plot(x, vy, col=1:10, pch=1:10, cex=1:10, type="b",
main="a pretty scatter plot")

a pretty scatter plot

20 40 60 80 100
| |
\

0
L
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basic graphing

Barplot

e x<-rep(c("geek", "nerd", "dork"), c(10,5,3))

e barplot(table(x))

10

dork geek nerd
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basic graphing

Boxplots

e X <- matrix(rnorm(1000), ncol=2)

2
|

.
+

3 -2 -1 0 1
|
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basic graphing
Pie plot
e x<-rep(c("geek", "nerd", "dork"), c(10,5,3))

e pie(table(x))

qeek dork

nerd
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basic graphing

Histogram
* X <-rnorm(200)
* hist(x)
Histogram of x
o 4 [ —
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basic graphing

Density plot

* X <-rnorm(200)
* plot(density(x))

density.default(x = x)

™M _
o
'Z?N
2 o 7
)]
o
- ]
o
o
© | I T I
4 -2 0 2

N =200 Bandwidth =0.3117
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basic graphing

Exporting graphs

* Graphs can be saved into many formats,
including: pdf, jpeg, bmp, tiff.
 QOpen the file to save your plot in:
pdf("my_graph.pdf")
 Produce a graph:
plot(1:10)
* And close it:
dev.off()



basic graphing
Exporting graphs

* From R Studio:

Files Plots Packages Help Viewer p—
2 ,‘*f Zoom &4 Export v O, ‘3/ &

¥ Save as Image...

T Save as PDF... r p|ot

;1 Copy to Clipboard...

—_— .

20 40 60 80 100
| |
\

0
[
[
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Exercise 8:
Basic plots



Graphing in R:

Introduction to ggplot2 package



graphing in R: ggplot2

ggplot2

* Graphing package inspired by the Grammar of
Graphics seminal work of Leland Wilkinson.

e A tool that enables to concisely describe the
components of a graphic.



graphing in R: ggplot2

ggplot2

* Flexible

e Customizable

* Pretty

 Well documented

Density

day.ofweek Miles Per Gallon

uuuuuu

AAAAAAA

|||||||||||

DDDDDD

oooooo



graphing in R: ggplot2

ggplot2

* Base layer to plot two variables:
ggplot(dataframe, aes(x, y))

* Add layer specifying what kind of plot you
want.

Example of a scatter plot:

ggplot(dataframe, aes(x, y)) + geom_point()



Exercise 3:
First ggplot2 plot



Exercise 3

ggplot2

* Create a data frame containing columns x and vy,
each a random generation of 100 normal distribution
values — rnorm().

* Produce a scatter plot using variable x and y from the
data frame.

* Save plotin a jpeg file.



graphing in R: ggplot2
Dataset

* diamonds data set in ggplot2 package

* dim(diamonds); colnames(diamonds);
head(diamonds)

e subset diamonds:

diams2 <- diamonds[sample(rownames(diamonds), 1000), ]



graphing in R: ggplot2

Scatter plots

e x <-data.frame(coll=rnorm(200), col2=rnorm(200))

e ggplot(x, aes(coll, col2)) + geom_point()

12
LY .
e
o. of =



graphing in R: ggplot2

Scatter plots

e Store the graph in an object:
p <- ggplot(x, aes(coll, col2)) + geom_point()

e add "layers" to p:
— title with ggtitle("my title")
— vertical line with geom_vline(xintercept=2)



graphing in R: ggplot2

Scatter plots

* Color according to a factor:

X <- data.frame(coll=rnorm(200), col2=rnorm(200),
col3=rep(c("yes", "no"), c(80, 120)))

p <- ggplot(x, aes(coll, col2, color=col3)) + geom_point()



graphing in R: ggplot2

Scatter plots

e p <-ggplot(x, aes(coll, col2, color=col3)) + geom_point()

col3

col2

yes

col—1



* END



graphing in R: ggplot2

Scatter plots

A scatter plot is a type of plot or mathematical diagram
using Cartesian coordinates to display values for

typically two variables for a set of data.
[Wikipedia]



graphing in R: ggplot2

Scatter plots

* p<-ggplot(diams, aes(carat, price, color=cut)) +
geom_point()

e add title with ggtitle
p2 <- p + ggtitle("carat versus price")

e draw a vertical line at the median carat value with
geom_vline

p3 <- p2 + geom_vline(xintercept=median(diams2Scarat))



graphing in R:

price
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graphing in R: ggplot2
Boxplots

In descriptive statistics, a boxplot is a convenient way of
graphically depicting groups of numerical data through
their quartiles.

[Wikipedia]



graphing in R: ggplot2

Boxplots

e ggplot(diams2, aes(x=1, y=carat)) + geom_boxplot()

carat
N

05/2017
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graphing in R: ggplot2
Boxplots

* p<-ggplot(diams2, aes(x=cut, y=carat)) +
geom_boxplot()

 add colors to the boxes lines with color in aes

— p <- ggplot(diams2, aes(x=cut, y=carat, color=cut)) +
geom_boxplot()



graphing in R: ggplot2

Boxplots

4 - a
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cut
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graphing in R: ggplot2

Barplots

A bar chart or bar graph is a chart that presents
grouped data with rectangular bars with lengths

proportional to the values that they represent.
[Wikipedia]



graphing in R: ggplot2

Barplots

e p<-ggplot(diams2, aes(x=cut)) + geom_bar()

* Change x axis label with scale_x_discrete:

p2 <- p + scale_x_discrete(name="Type of diamond cut")

e Swapping x and y axis with coord_flip():
p3 <- p2 + coord_flip()



graphing in R: ggplot2

Type of diamond cut
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graphing in R: ggplot2

Histograms

A histogram is a plot that lets you discover, and show,

the underlying frequency distribution of a set of
continuous data.

[Wikipedia]



graphing in R: ggplot2
Histograms

e ggplot(diams2, aes(x=price)) + geom_histogram()

* Increase resolution with bins option:

ggplot(diams2, aes(x=price)) + geom_histogram(bins=50)

* Add a density curve:
ggplot(diams2, aes(x=price))
+ geom_histogram(aes(y=..density..), bins=50)
+ geom_density(color="red")



graphing in R: ggplot2
Histograms

5e-04-
4e-04 -

3e-04 -

density

2e-04 -

1e-04 -

Oe+00~-

0 5000 10000 15000
price

05/2017 151



