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e What is R and why use R ?
e Resources

o Get started

e Fundamentals of R

e Data objects
e Vectors

e Operators

e Functions

e Packages
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Introduction

 If you are an R guru:
= Please refrain to answer during this session...
= Help your neighbor

e Two special slide formatting
o [ Your turn...
o [ Warning
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History of computer |

anguages

Just like half of the world’s spoken tongues, most of the 2,300-plus computer

2001

Code-raker Grady Booch, Rational Software’s chief scientist, is working with the Computer Key
o e I are either ed or extinct. As powerhouses C/C++, History Musuem in Silicon Valley to record and, in some cases, maintain languages by writing 1954 YearIntroduced
Vlsual Basic, Cobol, Java and other modern source codes dominate our systems, new compilers so our ever-changing hardware can grok the code. Why bother? “They tell T TS CED
hundreds of older languages are runnlng out of Ilfe. us about the state of software practice, the minds of their inventors, and the technical, social, Protected: taught at universities; compilers
An ad hoc collection of pl , if you will-aim to and economic forces that shaped history at the time,” Booch explains. “They’ll provide the e
save, or at least document the lingo of classic software They’re combing the globe’s raw material for software archaeologists, historians, and developers to learn what worked, Endangered: usage dropping off
9 million developers in search of coders still fluent in these nearly forgotten lingua what was brilliant, and what was an utter failure.” Here’s a peek at the strongest branches Extinct: no known active users or up-to-date
frangas. Among the most endangered are Ada, APL, B (the predecessor of C), Lsp, of programming’s family tree. For a nearly exhaustlve rundown, check out the Language List compilers
Oberon, Smalltalk, and Simula. at HTTP://www.infc tik. g.de/. g_list.html. - Michael Mendeno Lineage continues
1954 1955 1956 1957 1958 1950 1960 1961 1962 1963 (1964 (1965 1966 1967 1968 1969 (1970 1971 1972 (1973 1974 (1975 (1976 1977 1978 (1979 1980 (1981 1962 (1983 (1984 (1985 1986  [1967  |1988  [1989 1990 [1991 1992 (1993 |1994 (1995 |1996 1997 [1998 [1999 |2000
Fortran 90 ISO/IEC
Created for the IBM 7090/94
oo Flow-Magic g Cobol Cobol 61 ANSI Cobol 85 00 Cobol
used languages ALus ik lnguage designed ALisp offshoot that's
in science and Tl The culprit behind : Scheme R5RS
engineering. gn% _adh«rlfi 8 many VoK bugs. e e rchorSoym sy f,:',!;.','f,f,g,';‘,,'."'[“g"’  Scheme 8¢  Scheme IEEE_ cheme
nglishli 150 known as
data-processing [Ty TETIe George R’ atempt ;f:::.’;’;':,.'g:.':ﬂ:.’:’;;’.:{,"““" classes at universitis. Haskell 1.0 Haskell
languages. Oriented Language. to combine the
st F iy
Cobol, and Algol 60. Object Logo Common Lisp
// Object System.
— r -
Possibly the firt Invented by John McCarthy at MIT,
gfﬂf; l:pkulg: ﬁ!ﬁlgg;:m;m ‘Algorithmic Language, designed as released to the public.

hD thesis.

a portable language for scientific
computations. Algol 68's complexity
was either ahead of ts time o rightfully

Programming Language/Microcomputers

Asimple object- \
oriented language. \

Smalltalk-80

Initially called Oak. Stil one of the fastest.growing
languages around, despite the standards fut
Sun ang Nicrosof, Somewhat ke G- Java allows for

doomed, depending on whom you ask.

The first llllng'dlgl o show off the. pwnr of

\

N\ /7 [\

write once, run anywhere” portability across the Net.

Restructured Extended Executor \ An object-oriented language.

Algol 68 object-orie Devel
Cmmw" Group, Yerox PAR% bzyllmkxy
-for Esperanto of ¢
the :omnng worl Designed Simula 67
by an intemational Zurich-

basedl commitoe 2 a universal
language, it was one of the first
attompts at making software
more portable. Intially called
International Algebraic Language.

Survival of the Fittest

Reasons a language endures, with examples of some classic tongues

Appeals to a wide audience C (bolstered by the popularity of Unix)

Gets a job done Cobol (designed for business-report writing)

Delivers new functionality Java (runs on any hardware platform)

Fills a niche Mathematica (speeds up complex computations)

Offers a modicum of elegance Icon (has friendly, line-oriented syntax)

Has a powerful user base or backer C# (developed by Microsoft for .Net)

Has a charismatic leader Perl (programmer-author Larry Wall)

and

Popular in Europe during the

Strngrrocessing language oraxt
rmula manipulation, common
intext processers. Invented by
David Farber, Ralph Griswold, and

Object Rexx

Interactive
e \
oriented
- language.

Javazivid) o

language named
fngm::m n;lmmml :W

Used primarily

T | e o anier

\

[\ 7

Net

-

The US Department of Defense's efort o cratastandard objectriented
Ianguage for s wark. Named aftor Aa Lovalace, arguabythe worlds it

was renamed by
computer programmer, and created by Jean Ichbiah’s team of Honeywell

ADA 95

Marco and text-processi Wicrosoft: to Java,
Folr e g e e 1012 ol L
now-standard concept of o o4 to manipulate large confi Anobject the Microsoft Net platform
object-oriented, ralhenhan g g files programmaticall New AWK, a pattern oriented for Web service:
procedura programming, Logique founenima Caled Cluster, s than eding them by hand. scanning and pro- " language.
esgined by Knsten Nygaard l;nsllrs? prxfessms an object-oriented cessing language. |
and Ole-Johan Dahl ‘opular for Al programs. academic language | A popular language amon Python 1 5
cleatadoieach igid Website builders, it includes ECMA Script
engineering skils. features missing from Perl
Possibly the most Wirosoftsverion
commen language Too Command Language ek 2
foday. Adds object- e duc tape of programning ey Cant :ﬂ(he e
oriented features to C. (a scripting language for patching o anything? )
togefrdfrtangages). ge.
One of the most widely deployed
languages tody. Wincous and 1 ' 7
Unix OSesar uriten mosty n
i DD - m
L . ANSI C (C89) m Updates C++ for the

with a Java-like

virtual machine, so
code can run on any

kind of computer.

Found in millions of Web pages. Originally dubbed LiveScript, it
Netscape marketers who licensed the name
toride Java’s biizz. Ithas litle in common with that language.

programming.

Modular

in reaction to the compl
of Algol 68. Language

\/

Modula 2 1SO

Object-ori Another reaton of Nikaus With.
Pascal, d-ssgmd Object Pascal Later modified by Robert Griesemer for
for simplicity. numerical apps on supercomputers.

Programmer’s easy street

Repor Language).use for pathing togeher et anguages.

The swiss Ay Krif o programming (a2 Pracial Extraction and
Spawned a quasterary cufure lhat%ﬁt&n Perl halku

- with this descendant of

Snubul there’s no need to

The kitchen sink of command-line
AR T C:Shell a scripting anguage and command-  Standard ML, a Tor Unix. ERTATERE
King of the onedinrs, also referred| 2" Polonsky at Bell Labs. know the underlying 05. IR sl E:':...d by Rllph shel lmvkmf Virien enk e SRR based on the original Bourne language,
toas A Pro!rnmm!ng Language. Griswold to be successor to Snol ik i e o sio el Kl inguage. shell (a k a Bourne Again Shell).
An algebra-like language with
e eraage Wt Snobol Snobold M
writing complex programs as short Icon Page-description language for printers and
mulas. Designed by Kenneth Word-based language Veta grfphlmls':’.m; 75 porcont o ol commerclal ive Caml ' O Caml 2
Iverson at Harvard. first used to guide the inguage locuments are produced on PostScript printers.
National Radio Astronomy’
Observatory telescope at m PostScript Level 2
Although mocked by “real” programmers for Kitt Peak in Arizone. Categorical Abstract Machine Language
its limited abilities, Basic has outiived many
more advanced languages, as well as the APL APL 96
RadioShack TRS-80compers that made Microsoft Basic
ita household

Sources: Paul Boutin; Brent Hailpern, associate director of computer science at IBM Research; The Retrocomputing Museum;
Todd Proebsting, senior researcher at Microsoft; Gio Wiederhold, computer scientist, Stanford University

The Rodney Dangerfield of programming
languages. Popuarfor buling eb
sites with Microsoft Visual Studio tools.

0 Caml



History of R

e Mid 1970s - S Language for Statistical Computing
conceived by John Chambers, Rick Becker, Trevor
Hastie, Allan Wilks and others at Bell Labs

o Early 1990’s - R was first implemented in the early
1990’s by Robert Gentleman and Ross lhaka, both
faculty members at the University of Auckland.

e 1995 - Open Source Project

e 1997 - Managed by the R Core Group
e 2000 - First release of R

e 2011 - First release of R studio

o Historical notes - Paper from 1998

R - Introduction


https://www.stat.auckland.ac.nz/~ihaka/downloads/Interface98.pdf

Why use R ?

e Script vs. Menu driven software (e.g. Excel)
= Can be re-rerun with new data
» Reproducible workflow

e Open source
» Huge number of libraries
» Tidy “universe” : tidyverse and ggplot2

o Very easy to manipulate tables (select columns, create new variables)
o High quality graphics

e Work environment
= R studio

 Document your data processing
» R markdown
» Create HTML, pdf, presentations



What can you do with R ?

e Science o But also
= Statistics of course... = [each

Data processing

Do a presentation

= Graphics = Write your CV
= Time series analyses = Build a web site
= Maps = Write a book

Bioinformatics Much more...



What can you do with R ?

Example of web page
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Yahoo channel - A must

» Riffomonas by Pat Schloss

. Riffomonas Project
Riffomonas  Griffomonas
12,3 k abonnés

ACCUEIL VIDEOS PLAYLISTS COMMUNAUTE CHAINES A PROPOS Q
,"" CODE CLUB
10,000!!. Thank you! Riffomonas channel hits 10,000 subscribers (CC255)

= Riffomonas Project + 1,6 k vues - il y a 3 mois

o | can't think each of you for watching, subscribing, and telling a friend about this channel. | never thought we

V4 e could get to 10,000 subscribers, but here we are! Help spread the word and let's...

Vidéos P Tout lire

OENT s conr
e

Custom fonts ~—__ g o

with showlext

and google fonts

» ‘R

Q Abonné v

Using GitHub pages to host a

How to add maps to a : Incorporating logic into a ! Howto use acustomfontin @ Rewrite your commit history : How to use GitHub actions to
ggplot2 figure in R (CC264) visual made with R using a... R with showtext and google... using git rebase to squash... run a Snakemake pipeline...

3,1 kvues - ilya 2 mois 2 k vues - il ya 2 mois 1,1 kvues - il y a 2 mois 535 vies - il y a 2 mois 709 vues - il y a 2 mois

web page made with...

1,2k vues - il y a2 mois


https://www.youtube.com/c/RiffomonasProject

Help

Cheat sheets

e R basics
e ggplot2
o dplyr
Forum

e Stack overflow
» Stat Blog
e R bloggers

f Help

R Help
About RStudic
Check for Updates

R5tudic Docs
R5tudio Support

Cheatsheets

Markdown Quick Referenc
Roxygen Quick Reference

Diagnostics

s for aspects of data

! MNaks L " . - - "
= stackoverflow  Search . =
Home 3 J+ . -
=
Love remote wWOrk? = stackoverflow | ~
o Find it on a new kind of career site Get started | ,‘ ot
@ Stack Overflow N = .
o -
e How to sort a dataframe by multiple column(s)?
Users e
Jobs I want to sort a data.frame by muitiple columns. For example, with the data.frame below | would like q i
to sort by column z (descending) then by column b (ascending): o -
1176 | | 5 - R
Teams — dd <- data.frame(b = factor(c("Hi", “"Med™, "Hi", "Low"},
QHA for work j levels = c("Low", "Med", "Hi"}, ordered = TRUE),
- x = c("A", "D", A", "C"), v = c(8, 3, 9, 9), = Ex
z =¢(1, 1, 1, 2)) # ek
‘ Learn More ‘ dd .
bxyz . [R——
1 HiAS8B1 bl -
2 Med D 31 ™
3 HLA91 ;
4 low C 9 2

r zorfing dataframe onder rfag

share edit edited May 118 at 10:09

smci
14.7k #6 72

asked Aug 15'09 at 21:33

Christopher DuBois
18.2k #21 =50 = 90

18 Answers

active ol votes

o
o
w

You can use the order() function directly without resorting to add-on tools - see this simpler
answer which uses a trick right from the top of the example(order) code:

14?1 R> dd[with(dd, order{-z, b)), 1]
bxyz
4 Low C 9 2
2Med D 31
V 1 Hi AB1
3 HiA91

Edit some 2+ years Jater: It was just asked how to do this by column index. The answer is to simply
pass the desired sorting column(s) to the order() function:

R> dd[order(-dd[,4], dd[,11), ]
bxyz

R =Introduction .


http://github.com/rstudio/cheatsheets/raw/master/base-r.pdf
https://github.com/rstudio/cheatsheets/raw/master/data-visualization-2.1.pdf
https://www.rstudio.com/wp-content/uploads/2015/02/data-wrangling-cheatsheet.pdf
https://stackoverflow.com/
http://r-statistics.co/
https://www.r-bloggers.com/

Let’s get started




The R studio interface

o Bottom left
= Console

e Top left

= Xl

€ Rstudio r
File Edit Code View Plots Session Project Build Toolks Help
. . . Gl =25
= File editor for .R and .Rmd files .« v e o
es_pct - pct Ulvophyceae pct  AllC _pct_Euks  All_Chlorophyta_pct_Photo
. . . e.88421 .80862 .887553 2.055217
s Data frame visualization e —rT
.81352 8.88216 .882383 .841557
a.88427 2.80052 2.208330 2.055583
e.28219 2.22200 2.206753 2.225955
o.28057 2.20012 @.252280 @2.552328
- e.20053 e.2e018 o.e31488 .212627
° To ri ht 0.00039 00005 o.059575 0.375525
p ===
e.e0216 .80057 .288530 2.101291
.82156 2.90269 @.881702 2.935657
H H H e.88552 2.02020 .881507 2.025928
= Environment (i.e. R o Jects [
.20e32 2.22200 2.200838 2.296320
e.20132 2.22205 2.23425 2.382251
. e.20578 2.22200 2.215731 2.025287
.80226 @.80002 2.847549 2.272083
e.g1583 2.22000 .280564 2.021071
e.88052 .80008 2.813825 2.e77141
[« m
=
[ ) Bottom rl g ht Console RNA/Tags/Tara/B ara 08 2013
21 ReMOVed bb rows Containing missing values (position_stack).
3: Removed 70 rows containing missing values (position_stack).
4: Removed 110 rows containing missing values (position_stack).
. 5: Removed 75 rows containing missing values (position_stack).
6: Removed 120 rows containing missing values (position_stack).
[ | FI IeS 7: Removed 70 rows containing missing values (position_stack).

> station <- c(4,4,72,72)
> fraction<-c("Nano™,"Pica”,"Nano", "Pico™)
> diatoms<-c(17165,59786,6951,3815)
> bolidos<-(12,1293,3,494)
Error: unexpected '," in “"bolidos<-(12,"
O S > station <- c(4,4,72,72)

fraction<-c('Nano”, "Pico”, "Nano","Pica™)
diatoms<-c(17165,59786,6951,3815)
bolidos<-c(12,1293,3,494)
strameno<-diatoms+bolidos
diatom_pct<-diatoms/strameno
mean(diatom_pct)
[1] 0.9657642
> sd(diatom_pct)
[1] 0.0544783
> length(diatom_pct)

Help o

> summary(diatom_pct)
Min. 1st Qu. Median
0.8854 0.9555 0.9801

]
Vvvyvy

Packages

Max.
0.9996

Mean 3rd qu.
0.9658 0.999%4

>
> diatom_pct[1]

[1] 0.9993014

> diatom_pct[1:2]

[1] 0.9993014 0.9788307
>

>

.

sid
Tvs_187
Tve_115
™ve_13
Tv5_129
Tvs_168
Tve_332
Tvs_161
ve_s6
Tve_274
TV 228
TV 141
TV8_22¢
vs_212
v_a7
Tvs_120
Tve_173
Tvs_z68
Tvg_sa
™v_87
ve_177
TV 143

fme
ARGTESURLGEHMA2BCHL
ARG2SDCH2GEHMA2BTHL
ARG38DCH2GEMMA2BCHL
ARG23ISUR2GEHMA2BCHL
ARG34DCHLGEMH42BCWL
ARG1115URIGGMH42BCHT
ARGESDCMGEMME2BCHL

ARG52SURLGEMIS

ARGA2DCHIGE

ARGISDCMLGEMH7 28CWL
ARG1825UR1GGMH42BCHT
ARGS2SURLGEMH42BCWL
ARGT2SURLGEMMS2BCHL
ARGEASURLGEMMS2BCHL
ARGIDCMIGGMMA2BCWL
ARGS2DCHLGEHMT28CHL
ARGEISURLGEHMA2BCTHL

depth_level
SUR
oM
oM
SUR
DeM
SUR
e
SR

station
76
25

102
52
72

6a

32
8

template 2]

=0

293 observations of 101 variables

&) Project: (Nong) +

Workspace | History =0
<% [@ | Pmport Dataset~ | & @&
Data

Bolido 293 obs. of 76 variables 3
KOG 22 obs. of 26 variables 3 |
bolido_fraction 76 obs. of 76 variables 2 (1
bolido_fraction_level 31 obs. of 76 variables ]
bolido_level 31 obs. of 75 variables 5
bolido_melt 1465 obs. of 9 variables =5
bolido_melt_fraction 380 obs. of 9 variables 3
bolido_melt_fraction_level 155 obs. of 9 variables i)
chloro 293 obs. of 101 variables 2]
Junk 211 obs. of 76 variables 1)
labels_chloro_classes 14 obs. of 5 variables =
labels_oceans 8 obs. of 3 variables 5
labels_photo_classes 24 obs. of 5 variables 3
labels_stations 47 obs. of 4 variables A 3
Files Plots Packages Help =0

1 Install Packages
aded
AnnotationDbi
pe

Biobase
BiocGenerics

Bioclnstaller

@ Check for Updates

Analysis of Ecological Data : Exploratory and Euclidean methods in Environmental sciences
Annotation Database Interface

Analyses of Phylogenetics and Evolution

Biobase: Base functions for Bioconductor

Generic functions for Bioconductor

Install/Update Bioconductor and CRAN Packages

An interface package (beta) for the BIOM file format.

String objects representing biclogical sequences, and matching algorithms.

Bootstrap Functions (originally by Angelo Canty for )

Cluster Analysis Extended Rousseeuw et al.

Create cryptographic hash digests of R objects
Functions for drawing ellipses and ellipse-like confidence regions

Data Analysis and Data Mining with R

biom
Biostrings
boot.
car Companion to Applied Regression
cless Functions for Classification
cluster
] codetoals Code Analysis Tools for R
[[]  colorspace Color Space Manipulation
[ compiler The R Compiler Package
datasets The R Datasets Package
[ per R Database Interface
] dichromat Color Schemes for Dichromats
O digest
ellipse.
FactoMineR Mul Expl
[0 feature
[ flowCore
[ foreach Foreach looping construct for R
[0 foreign
qgplot2.

Feature significance for multivariate kemel density estimation

flowCare: Basic structures for flow cytometry data

Read Data Stored by Minitab, 5, SAS, SPSS, Stata, Systat, Weka, dBase, ...

An implementation of the Grammar of Graphics

graph: A package to handle graph data structures



Create a new project

e Open R studio

o Create new project for the course in a new directory

= e.g. Microbes course

£ Rstudio - -

ey

[File | Edit Code View Plots

Debug Profile Toels Help

Mew File

Mew Project...

Open File...

Recent Files

Open Project..,

Open Project in Mew Session..,

Recent Projects
Import Dataset

Save
Save As...

Save All
Print...

Close
Cloze All

Close All Except Current
Close Project

Quit Seszion...

-
Session  Build
3
Ctrl+0Q
3
3
3
Ctrl+5
Ctrl+Alt+5S
Ctrl+W
Ctrl+Shift+W
Ctrl+Alt+ Shift+W

Ctrl+Q

= Addins -

gloo”
iti1stical Computing

Y NO WARRANTY.
2rtain conditions.
jution details.

ributors.
and
in publications.

on-Tine help, or
e to help.




Your first script

Two ways to proceed

1. Type directly in command window

> print ("Hello world")

[1] "Hello world"

2. Create a new script

Type in script window
* Select and execute (CTRL-R)

* Source the script




R objects
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Variables

Variables are abstracting your data.

Variables are objects

e Create a variable

> greeting = "Hello world"

> print (greeting)

[1] "Hello world"

e Update variable

> greeting = "Bonjour"

> print (greeting)

[1] "Bonjour"



Assignement

e Assignement done with <-

> x <- 1
>y <= 2
> X +y

%
N
I
X
+
oS
I



Visualizing objects

You can view the values of the objects in R-studio environment window (top-right)

Environment  History Conneclions

£ “*Import Dataset = ¥

% Global Environment =

Values
o 1
Y 2




R is case sensitive

Error in eval (expr, envir, enclos):

object

VZV

not found



Rules for naming objects

» Use
= |letters
= numbers
= the dot
» the underscore (not the minus sign !)

o Start always with a letter
= Myvariable, Myvariablel, Myvariable.1,Myvariable 01 are OK
= 1Myvariable, My-variable, Myvariable@ are not OK



Rules for naming objects

» Use consistent naming: five conventions
= alllowercase: e.g. adjustcolor

period.separated: e.g. plot.new

underscore_separated: e.g. numeric_version

lowerCamelCase: e.g. addTaskCallback

UpperCamelCase: e.g. SignatureMethod

o Prefer third one, much more easy to read
» Use names for objects : last_name
= Use verbs for function : build_name

e Think about best order
= e.g. prefer maybe name _last because then you can have name_first, name_full...
= and you identify that all these objects are related to a name...



Data types

7 111 7 1

e character: “Daniel”, “This is a course in R”, ‘Joe Biden’

e numeric: 2, 15.5, 10e-3

 integer: 2L (the L tells R to store this is an integer)

o date: 2018-02-25

e logical: TRUE, FALSE

o complex: 1+4i (complex numbers with real and imaginary parts)

e No data “NA”
e Not a number “NaN” (e.g. division by zero)



Data structures

e Vector
List
Matrix

Data frames

Function



Vectors
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Vectors

e The basic R structure is a vector (think as a column in Excel):

10
20
30

e Avector can contain only a single element

| 10]

e Assign a value to a vector

x <- 10
X




Vectors

e Assign several elements

x <- c¢(10,20,30)

X

[1] 10 20 30

e Assign range

x <= 10:30 O
X

(1] 10 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

e Assign characters

PoTU <- c("Jo", "Biden") )
PoTU
[l] "JO" "Biden"

» Assign logical

flags <- c¢(TRUE, FALSE, TRUE) )
flags



Access specific elements of a vector

e First

x[1]
[1] 10
» Range

x[1:5]

[1] 10 11 12 13 14
e Remove one element
x[-1]

[1] 11 12 13 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 29 30

O



Determine object properties

Apply functions (we will come back to functions latter)

e typeof() - what is the object’s data type (low-level)?
e length() - how long is it? What about two dimensional objects?

typeof (x)
length (x)

[1] "integer"
[1] 21

[ What is the type and length of PoTU ?



Operators
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Arithmetic Operators

Operator Description

+ addition

- subtraction

* multiplication

/ division

Aor ** exponentiation

X %%y modulus (X mod y) 5%%?2 is 1
X %/%y integer division 5%/%?2 is 2

We are performing vector operations !

Think about it as adding 2 columns in Excel.

1 1 2
2 1

+ =
3 3 6




Arithmetic Operators

e Vector one element

[1] 3

o \ector several elements

# Two 1instructions on the same line
x <= 1:9; y <= 1:9

z <- X +y

Z

(1] 2 4 6 8 10 12 14 16 18

o Several instructions on same line separated by ;
e The hastag # indicate a comment -> Use heavily to document your code
e However, it is even better to use R markdown (we will see it later)

| Use the other operators



Arithmetic Operators

« What happens when the vectors have different number of elements ?

Equivalent to

o

y <- ¢(1,1,1,1,1,1,1,1,1)

The recycling rule...



Can we add logical ?

<- TRUE
y <- FALSE

<- X + vy

(1] 1
No error but...
The resulting variable is transformed to a numeric
[ How you would show that ?
typeof (x)
[1] "logical™
typeof (z)

[1] "integer"



Logical Operators

Operator Description

< less than

<= less than or equal to

> greater than

>= greater than or equal to
== exactly equal to

I= not equal to

Ix Not x

X|y X ORYy

X&'y XAND vy

iSTRUE(x)

test if X is TRUE



Logical Operators

x <- TRUE
y <- FALSE
zl <- x | vy

72 <- X ==y
z1l

[1] TRUE

[1] FALSE

l Do not mix

e == which is logical operator
e = which is assignement



Can we add characters ?

first <- "Jo"
last <- "Biden"

full <- first + last

Error in first + last: non-numeric argument to binary operator

Generates an error

What can we do ?



Functions
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Functions

paste {base} R Documentation

Functions perform specific task on objects Concatenate Strings

Description

® e.g to COncatanate Strlngs We use paste() Concatenate vectors after converting to character.

Usage

Examples

. ( #% When passing a single vector, pastel and paste work like as.character.
. [paste (. o n
paste(first, last) o ate (. PaSTR0(1:12) _

paste (1:12) $ =ame

as.character(l:12) # same

[1] "Jo Biden"
e Functions take arguments and return an object called result
e To know the arguments

= Use “?”

= Can also go directly to Help panel and type function name

pastel (. 4% For inputs of length 1, use the sep argument rather than collapse

~ paste("lst", "2nd", "3rd", collapse = ", ") # probably not what you wanted
[favalue it paste (miscw, m2nd", "3rdv, sep = ", ")
elements £

? paste() # Do not forget the parenthesis

Argume|
#% If you pass several wectors to pastel, they are concatenated in a
$#% vectorized way.
ep (nth <- paste0(1:12, c("st", "nd", "rd", rep("th", 9))))
collapst#* paste works the same, but separates each input with a space.
i paste (month.abkk, "is the", nth, "month of the year.")
Details paste(month.abb, letters)

paste cor #% You can change the separator by passing a sep argument
the string ¢ #%# which can be multiple characters.
result. Vec paste (month.akk, "is the", nth, "month of the year.", sep = "_*_")

Note thatr ## To collapse the cutput into a single string, pass a collapse argument.
eg., when pastel(nth, collapse = ", ")

## You can combine the sep and collapse arguments together.
paste (month.abbk, nth, sep = ": ", collapse = "; ")

##% Using paste() in combination with strwrap() can be useful

#%# for dealing with long =trings.

(title <- paste(strwrap|
"Stopping distance of ecars (ft) wv=. speed (mph) from Ezekiel (1530)",
width = 30), collapse = "\n"))

plot (dist ~ speed, cars, main = title)

## Notice that the recycling rules make every input as long as the longest input.



Getting what you want

Let’s apply paste :

I

paste (first, last)
[1] "Jo Biden"

» We would like to get “Jo_Biden”

Can you read the help and suggest a change in the way we call the function ?

paste (first, last, sep="_")

[1] "Jo Biden"



Write your own function

l If you write 3 times the same piece of code, then write a function...

my sum <- function(a, b) {

c <- a + b
return (c)

}

e my_sum : function name

e a, b : arguments

e instructions are enclosed by braces ({})
e return() : the value(s) returned

 More compact way

my sum <- function(a, b) {a + b} ]



Call your function

my sum (10, 20)
[1] 30
e better

my sum(a = 10, b = 20)
[1] 30

[ Write a function to compute a product

i



Examples of functions

Most of the time you do not have to write functions because someone has already written one for what you want to
do...

e Sum

i

x <- 1:100
sum (xX)

[1] 5050

e Sampling a normal distribution

y <- rnorm (10, mean =

y

[1] -1.2082061 -0.1915338 -1.4461329 -1.5664386 -2.5408725 -1.4697788
[7] 0.5294263 0.1391368 1.7930026 -0.8428267



Statistics

mean (y)

sd (y)

[1] -0.6804224
[1] 1.258433

Sample more points... 10,000 instead of 100

y <- rnorm (10000, mean

mean (y)
sd (y)

[1] -0.003926506
[1] 0.9976069



Plot

e Histogram

library (graphics)

hist (y) Histogram of y
_ _
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What is this “library()”



Packages
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Packages

» Packages are set of functions that have a common goal.
e They are really the strength of R

Number of R packages ever published on CRAN

11000 4

10000 +

90007

80007

7000+

6000 4

5000+

40007

30007

2000+

1000

1998 2000 2002 2004 2006 2008 2010 2012 2014 2016 201¢

”»n

« And these are only the “official™ packages. You can find more on GitHub



Installing a package

Download on your computer the package you need

[ Install package stringr (to manipulate strings of characters)

File Edit Code View Plots Session Build Debug
o - O = .

@ | R_introduction_tutorial.Rmd

v Q| @ knit - -
541
842 ]
843
844 .student[
845 = What is this "Tibraryv()"
846 ]
547
B48 ~ ---
849 layout: true
850 ~ # Packages
Bl
B52 ~ ——-

853 Packages are set of functions that have a commo

554
8355 They are really the strength of R
Bi6

& | R-session-01-intro-xg.Rmd*

Profile [Tuols] Help

| Install Packages... |

Check for Package Updates...
Version Control

Shell...
Terminal

Addins

Keyboard Shortcuts Help
Modify Keyboard Shortcuts...

Project Options...

Global Options...

Alt+ Shift+ K

Arithmetic Operators
Can we add logical ?

Install Packages

Install from: 7 Configuring Repositories

[ Repository (CRAN]

d

m

Packages (separate multiple with space or comma):

| string

String2AdjMatrix

stringb
ring R/R-3.5.2/library [Default]

stringdist
stringformattr b
stringi
stringr

Install

Cancel




Using a package

To use functions from the package

e use the syntax package: :function

stringr::str c(first,last, sep= " ")

[1] "Jo Biden"
OR

 load the package with the library function

library (stringr)

str c(first,last, sep= " ")

[1] "Jo Biden"

l Sometimes functions from different libraries have similar names



List installed packages

Files Plots Packages
Install | (@ Update
MName

System Library

abind
addinslist
aded

AnnoctationDhi
anytime

ape

assertthat
backports
basebdenc
BH
bib2academic
bibtex

binb

bindr
bindrcpp
Biobhaze
BiocGenerics
BiocInstaller
Biochanager
BiocParallel
BiocWersion
biofiles

kiomaRt

Help  Viewer
N Packrat
Description

Combine Multidimensional Arrays
Dizcowver and Install Useful R5tudio Addins

Analysis of Ecological Data: Exploratory and Euclidean Methods in
Envircnmental Sciences

Annotation Database Interface

Anything to 'POSIKct or 'Date’ Converter

Analyses of Phylogenetics and Evolution

Easy Pre and Post Assertions

Reimplementations of Functions Introduced Since R-3.0.0
Tools for basebd encoding

Boost C++ Header Files

Convert BibTex to Markdown for the Huge Academic Theme
Bibtex Parser

'binbk' is not 'Beamer’

Parametrized Active Bindings

An 'Repp’ Interface to Active Bindings

Biobase: Base functions for Bicconductor

54 generic functions for Bioconductor

Install/Update Bioconductor, CRAN, and github Packages
Access the Bioconductor Project Package Repository
Bioconductor facilities for parallel evaluation

Set the appropriate version of Bioconductor packages

An Interface for GenBank/GenPept Flat Files

Interface to BioMart databases (e.g. Ensembl, COSMIC, Wormbase and
Gramene)

Version

14-5
0.2
1.7-13

1421
033
5.2
0.2.0
113
01-3
1.66.0-1
01199
0.4.2
003
011
0.2.2
240.0
0.26.0
1.30.0
1304
114.2
3.8.0
1.0.0
2361

=0



Recap

e Ris case sensitive: Z!=2z

e Objects: data types vs data structures
e Vectors: think in vector operations

e Operators: arithmetic vs. logical

e Functions: try to practice
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Next: 02 - Data wrangling

OREILLY"

e Data frames

o Concept of tidy data
e Reading data

e Manipulating data

e Selecting columns
e Selecting rows

| R"forData
Sclence

VISUALIZE, MODEL, TRANSFORM, TIDY, AND IMPORT DATA

Hadley Wickham &
Garrett Grolemund
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