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< Introduction to R

= Ris a programming language and free software environment for statistical
computing
= Supported by the R Foundation for Statistical Computing

= Created by Ross Ihaka and Robert Gentleman at Auckland University, New
/ealand

= R was derived by S (Bell Laboratories - AT&T)

= Ris alanguage broadly used by statisticians, data miners, and data
scientists

https://www.r-project.org/



https://www.r-project.org/

R Console

@ & R Console

@R GEQ® 2 0

R version 4.8.0 (2020-84-24) -- "Arbor Day"
Copyright (C) 2028 The R Foundation for Statistical Computing
Platform: xB6_64-apple-darwinl?.@ (b4-bit)

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

Notural language support but running in an English locale

R is a collaborative project with many contributors.
Type 'contributors()' for more information and
"citation(}" on how to cite R or R packages in publications.

Type "'demo()' for some demos, 'help()' for on-line help, or
"help.start()"' for an HTML browser interface to help.
Type "q()' to quit R.

During startup - Warning messages:

1: Setting LC_CTYPE failed, using "C"

2: Setting LC_COLLATE failed, using "C"

3: Setting LC_TIME failed, using "C"

4: Setting LC_MESSAGES failed, using "C"

B: Setting LC_MONETARY failed, using "C"

[R.app GUI 1.71 (7827 xB6_64-apple-darwinl?.@]

WARNING: You're using a non-UTF8 locale, therefore only ASCII characters will work.
Please read R for Mac 05 X FAQ (see Help) section 9 and adjust vour system preferencez accordingly.
= |

Available for Windows, Mac, Linux




R Studio

eo0e RStudio
0__‘- = - I3 Project: (None) -
Console = Environment = History -
= install.packages("ISwR") =" [ | | #*Import Dataset = _\}'CIear *—" List=
Error in install.packages : Updating loaded packages N Global Ervironment »
Restarting R session...
> install.packages("ISwR") Environment is er
tentando a URL "http://cran.rstudio.com/bin/macosx/maveri
cks/contrib/3.1/ISwR_2.0-6.tgz"
Content type "applicationsx-gzip' length 210427 bytes (20
5 Kb)
URL aberta
downloaded 285 Kb Files Plots Packages Help Viewer =]
& Export=

The downloaded binary packages are in

Avar/folders/jt/max1Iwd7 jotxfyZ 1kx@3dcncdd0@dgn/ T/ /RtmpRMg
Pnt/downloaded_packages

> library(ISwR)

Mensagens de aviso perdidas:

package “ISwR’ was built under R version 3.1.2

-

Great advantages: IDE with data visualization, debugging, profiling

http://www.rstudio.com



http://www.rstudio.com/

Exercise

= Take your time to install R and R Studio
= hitps://www.r-project.org

= hitp://www.rstudio.com



https://www.r-project.org/
http://www.rstudio.com/

Basic concepts

= Assignment
= Value display
= | ogical test
= \ector definition
= Computing Body Mass Index (BMI)

Printing values

X <- 2 # variable assignment

x # variable evaluation

is.numeric(x) # variable

weight = c(6@, 72, 57, 98, 95, 72} # vector with six obervations
height = ¢(1.75, 1.88, 1.65, 1.%8, 1.74, 1.91)

bmi = weight/height~2

print({bmi)

print{sprintf("%.2f +/- %.2f", mean(bmi), sd(bmi)))

2

TRUE

[1] 19.50184 22.22222 2@.093664 24.93875 31.37799 19.73630
[1] "23.13 +/- 4.48"



Exercise

= Knowing that standard deviation of a sample is

n - 2
. oK) = \/zm(xl 1)

n-—1

= ysing basic R commands:
= compute the standard deviation of BMI using loops

= compute the standard deviation of BMI using vector operations




Plotting graphics

plot(height, weight)

= Plotting a scatter graphics
= Canvas is active until the next plot

O
— lo]
—
o
5 © 7
g _ o o]
o _|
(.DO o

| I I [ | I
1.65 1.70 1.75 1.80 1.85 1.90

height

plot({height, weight)
hh <- ¢({1.65, 1.7@, 1.75, 1.88, 1.85, 1.9@)
lines(hh, 22.5 * hh"2)

O

— o
-

o
5 8-
g _ o

o _|

(.DO o

| I I [ | I
1.65 1.70 1.75 1.80 1.85 1.90



Default arguments and help for functions

= Functions have default values
= View parameters of the function
= Use online help

. | plot(height, weight, pch=2)

args(plot.default)
?graphics::plot

function (x, y = MNULL, type = "p", xlim = NULL, ylim = NULL,
log = "", main = NULL, sub = NULL, xlab = MULL, ylab = NULL,
ann = par{"ann™), axes = TRUE, frame.plot = axes, panel.first = NULL,

panel.last = NULL, asp = N&, ...)
NULL
AN
— Tl

e

o
S ®
2 | A A

o

1= &

| | I I | |
165 1.70 1.75 1.80 1.85 1.90

height



Statistical analysis

= Test theoretical value of BMI . test(oni, mu-22.5)
equals to 225 One Sample t-test

= Null hypothesis: no difference data: bni

t = 9.34488, df = 5, p-value = B.7442
Obser\/ed (p—\/a|ue > 5%) alternative hyp‘ljthesisi true mean is not equal to 22.5

95 percent confidence interval:

= Alternative hypothesis: they are corpie estinacer:
mean of x

different 23.13262



https://www.healthknowledge.org.uk/public-health-textbook/research-methods/1b-statistical-methods/parametric-nonparametric-tests

More about vectors

= Operations with NA X <- c(A=1, B=NA, C=3)
= Name of observations mean (x)
= Scalar multiplication mean(x, na.rmTRUE)

names{x)
x["B"] <- 2
X["B"]*x
=MNA=

2

IAI IBI II:I




Strings in R

= A string is a sequence of characters

= |t is enclosed inside single quotes('This is a string') or inside the double
quotes("This is also a string")

= |t is internally represented in double-quotes




Strings

1
2 weight = c(60, 72, 57, 90, 95, 72) # vector with six obervations
3
4 height = c(1.75, 1.80, 1.65, 1.90, 1.74, 1.91)
3
6 subject = c("a", "™, "Cc", "D", "E", "F")
8
9 mensagem <- rep(”", length(subject))
10~ for (i in 1:length(subject)) {
11 mensagem[i] =- sprintf(
12 "The height of %s is %.2f. The weight of %s is %d.",
13 subject[i], height[i], subject[i], weight[i])
14 }
15
16 printimensagem)
17
18 rm(mensagem)
19
20 mensagem <- sprintf(
21 "The height of %s is %.2f. The weight of %= is %d.",
22 subject, height, subject, weight)
23 printimensagem)
24

Profiling: https://youtu.be/5b3ZYkkv3vl




Factors

= Factors are variables in R that refer to categorical data

= Factors in R are stored as a vector of integer values with a corresponding
set of character values to use when the factor is displayed

= Both numeric and character variables can be made into factors, but a
factor's levels are always character values




Factors

pain = c¢(8,3,2,2,1)

fpain = factor(pain,levels=8:3)

levels{fpain) = c({"none”,"mild", "medium”, " severe™)
fpain

as.numeric{fpain)

levels({fpain)

none severe medium medium  mild

> Levels:

1 4 3 3 2

'‘none’ 'mild’ 'medium’ 'severg'



Creation

Creation by rows

Names for rows and columns
Transpose

Determinant

m <- 1:9
dim{m) <- c(3,3)
m

mb <- matrix(1:9, nrow=3,byrow=TRUE)
rownames({mb)} = LETTERS[1:3]
mb

t(m)

4 10 16

9 18 27




Matrix

= Matrix is a two-dimensional data structure in R programming




Exercise

= Knowing that the determinant of a matrix is computed by function det,
compute the determinant for the following matrix

1 9 5
=3 7 8
10 4 2

= Multiplying a Vector by a Matrix

= Knowing that %*% computes matrix multiplication

1 2 3 2
= Find Ay, where A=4 5 6,andy=1
7 8 9 3




= Lists are the R objects which contain elements of
different types, such as numbers, strings, vectors,
matrix, data frame, and another list inside it

= A list can also contain a matrix or a function as its
elements

= A list is created using the list() function

= List manipulation
= Slicing a list []
= Accessing an element inside a list [[]]

19



s
Il

c(5260,5476,5648,6180,6398,
6515,6885,7515,7515,82368,8778)

y = ¢(3916,4228,3885,5168,5645,

4686,5265,5975,6790,6086,7335)

1st <- list(A=x, B=y)
lst
1st3A

SA
2260 5470 5640 6180 6390 6515 68050 7515 7515 8230 &770

$B
3910 4220 3885 5160 5645 4680 5265 2975 6790 6300 7335

2260 5470 5640 6180 6390 6515 6805 7515 7515 8230 &770



Exercise

= Create a list (main list) with two lists inside
= The first list contains all elements present in vector intake.pre of previous slide
= The second list contains all elements present in vector intake.pos of previous slide

= Filter the first list inside the main list such elements inside them are between 6000
and 7000




Data frames

= A data frame is a table where each column corresponds to attributes, and
each row corresponds to a tuple (object)




Data frames

d <- data.frame(A=1st$A,B=151%B)
d

df <- d[d$A > 7008 | d$A < 6oes, ]
df

A B
5260 3910
5470 4220
5640 3885
6180 5160
6390 5645
6515 4680
6805 5265
7515 5975
7515 6790
8230 6900
8770 7335

A B

1 5260 3910
5470 4220
5640 3885
7515 5975

L= - T T ]

7515 6790
10 8230 6900

11 8770 7335




Exercise

» Create a data frame from the weight and height
= Filter the data frame such that all tuples are between 1.70 and 1.90
= Computes the bmi for filtered data frame




Implicitly Loops — sapply, lapply

= [apply, sapply executes a function for each column
= The first character defines the return type
» | —list, s — simple (vector or matrix)
= The second parameter is the function to invoke

= Following parameters are passed to the invoked function

= apply is the generic function

= The second parameter defines if it calls the function for each row (1) or each
column (2)




Implicitly Loops — sapply, lapply

lapply(d, min, na.rm=TRUE)
sapply(d, min, na.rm=TRUE)
apply(d, 1, min)

apply(d, 2, min)

SA

2260

$B

3889
A 5260
B 3835

3910 4220 3885 9160 2645 4680 2265 5975 6790 6900 7335

A 5260
B 3885



Exercise

= Create a data frame for weight and height and using apply, compute the
bmi

= Hint: Use a custom function for this goal




Sort and order

sort(d$B)

o <- order(d%B)
o

ds <- d[o,]

ds

3885 3910 4220 4680 3160 5265 5645 5975 6790 8900 7335

31 26 47 5 8 % 10 M

A B

3 5640 3385
1 5260 3810
5470 4220
6515 4680
6120 5160
6305 5265
6390 5645
7515 5975

[T=T == R e T L 2 I .~

7515 6790
10 3230 6500

1 3770 7335




Exercise

» Create a data frame from the weight and height
= Sort it according to the weight




Loading and saving files

wine = read.table("http://archive.ics.uci.eduf/ml/machine-learning-databases/wine/wine.data",
header = TRUE, sep = ",")

head{wine)

save(wine, file="wine.RData")

rm{wine}
load("wine.RData"}

write.table{wine, file="wine.csv", row.names=FALSE, quote = FALSE)

X1 X14.23 X171 X243 X156 X127 X2.8 X3.06 X.28 X2.29 X564 X1.04 X3.92 X1065

1 1320 178 214 12 100 265 276 026 128 438 105 340 1080
1 1318 236 247 186 101 280 324 030 281 568 103 317 1a5
1 1437 195 250 168 113 385 349 024 218 730 036 345 1430
1 1324 2589 287 210 18 280 269 0359 182 432 104 203 735
1 1420 176 245 152 112 327 339 034 197 675 105 285 1450

1 14389 187 245 1486 g6 250 252 030 188 525 102 353 1290




Exercise

» Create a data frame from the weight and height
= Save it in Rdata

= Save itin CSV

= Save itin RDS

= Read saved RDS

= Read saved Rdata

= Read saved CSV



https://www.r-bloggers.com/2018/06/benchmarking-a-ssd-drive-in-reading-and-writing-files-with-r/

Creating functions

create_dataset <- function() {

data <- read.table(text = "Year Months Flights Delays
2816 Jan-Mar 11 &
2816 Apr-Jun 12
2816 Jul-Sep 13
2816 Oct-Dec 12
2817 Jan-Mar 1@
2817 Apr-Jun @ 3
26817 Jul-Sep 11
2817 Oct-Dec 25
2818 Jan-Mar 14
2818 Apr-Jun 12
2818 Jul-Sep 13
2818 Oct-Dec 15 47,
header = TRUE,sep = "")

data$OnTime <- data$Flights - data$Delays

data$Perc <- round{18@ * data$Delays / data$Flights)

return{data)

Bounowdoun

S W 5 T W P

}

data <- create_dataset()
head(data)

Year Months Flights Delays OnTime Perc

2016 Jan-Mar 1 6 5 55
2016 Apr-Jun 12 5 7 42
2016 Jul-Sep 13 3 10 23
2016 Oct-Dec 12 5 7 42
2017 Janm-Mar 10 4 6 40
2017 Apr-Jun ] 3 5] 33




Pipelines

loadlibrary("dplyr™)

data =sd <- create dataset() %%
select({variable=Months, wvalue=Delays) %>%
group_by({variable) ¥>%
summarize(sd = sd{value), value = mean{value))

data_sdfvariable <- factor(data sdfvariable,
levels = c('Jan-Mar", 'Apr-Jun’, "Jul-Sep’, 'Oct-Dec'))

head({data sd)

variahle sd value

Apr-Jun  1.1547005 4.333333
Jan-Mar 1.5275252 4.333333
Jul-3ep 05773503 3.333333
Oct-Dec  6.0327625 4.000000

The dplyr is an important package to know

Pipeline dataset %>% operators %>% first parameter of functions is implicit from the pipeline




Exercise

» Create a data frame from the weight and height

= Filter the data frame such that all tuples are between 1.70 and 1.90
= Use function dplyr:filter




Melt function

loadlibrary("reshape”)

data <- create dataset()

head(data)

data <- melt(data[,c('Year', 'Months', 'Flights', 'Delays', 'OnTime', 'Perc'}],
id.vars = c(1,2))

head(data)

A data frame: 6 = §

Year Months Flights Delays OnTime Perc
<int> =fct> <int>  <int> <int> <dbl>

2016 Jan-Mar 1 ] 5 55
2016 Apr-Jun 12 5 7 42
2016 Jul-Sep 13 3 10 23
2016 Oct-Dec 12 5 7 42
2017 Jan-Mar 10 4 ] 40
2017 Apr-Jun 9 3 6 33

Adataframe: 6 = 4

Year Months wvariable value

<int> <fct> «<fct> <dbl>

2016 Jan-Mar  Flights 1
2016 Apr-Jun  Flights 12
2016  Jul-Sep  Flights 13
2016 Oct-Dec  Flights 12
2017 Jan-Mar  Flights 10
2017  Apr-Jun  Flights 9

The melt function transforms columns values into rows grouped by id.vars.

The name of columns is used to fill the variable attribute created during the melt.



Joining data frames

city wvalue

Rio de Janeiro 10
Sao Paulo 12
Paris 20

Mew York 25
Tokyo 18

city country

Rio de Janeiro Brazil
Sao Paulo Brazil
Paris  France

Mew York s
Tokyo Japan

\/

city walue country

Mew York 25 Us
Paris 20 France

Rio de Janeiro 10 Brazil
Sao Paulo 12 Brazil
Tokyo 18 Japan




Jupyter notebooks

= Active document (document + code)
= Good tool for reproducibility
= Available at Anaconda

J ANACONDA. Products v Pricing Solutions Resources Blog Company

Q Individual Edition

a Team Edition

[ - > technology for
i ensemaking.

(@ Professional Services .
ther millions of data science practitioners,

uata-unverrererprises, and the open source community.

=
® _ . o e

https://www.anaconda.com/products/individual



https://www.anaconda.com/products/individual

= Data Science Toolkit
= Python + R + Jupyter + Orange + ...

Anaconda

) Anaconda Navigator

File Help

{D ANACONDA NAVIGATOR

©) whats...

P8 1R Ba..

P B 1 int

terga-feira

L

@ Environments

n Community

Documentation

Developer Blog

L 4

Learning

You

g

]

JupyterLab
0354
An extensible environment For interactive
and reproducible computing, based on the
Jupyter Netebock and Architecture.

Spyder

Scientific P'vthon Development
EnviRonment. Powerful Python IDE with
advanced editing, interactive testing,
debugging and introspection Features

Orange 3

3180
Compenent based data mining framework
Data wisualization and data analysis For
novice and expert. Interactive workFlows
with  large toolbox.

Channels

Jupyter
o
Notebook
578
Web-based, interactive computing
notebook environment. Edit and run

human-readable docs while describing the
data analysis.

o

V5 Code
1432
Streamlined code editor with support for
develepment operations like debugging,
task running and version control.

RStudio

11,436
Aset of integrated tools designed to help
you be more productive with R Includes R
essentials and notebooks.

Refresh

-]

Qt Console
A 443
PYQE GUI that supports inline Figures,
proper multiline editing with syntax
highlighting, graphical calltips, and more.

Glueviz
0133
Multidimensional data visualization across
files. Explore relatienships within and
among related datasets.




Jupyter "Hello world"

e s | @ :

Control Panel

& hello_world vter Notebook X +
C & aldebaran.eic.cefet-rj.br:8082/user/eogasawara/notebooks/hello_world.ipynb * B % O
Favoritos
: jupyter hello_world (autosaved) R Logout
File Edit View Insert Cell Kernel Widgets Help T
B+ = & B 4 ¥ MHRin B C W Code o=
Active Document
In [9]:  print("Hello World")
X <- 1:1@
[1] "Hello World"
In [168]: ¥ <- X + 1
LaTeX expressions ¥ < X + 1 can be used
In [11]: plot(X,Y)
o
2 o
o
© o
o
>
© - o
o
+ o
o
o~ O
T T T T T
2 4 6 8 10




Practicing

= Take some time to practice the examples

» hitps://nbviewerjupyter.org/github/eocgasawara/mylibrary/blob/master/Introductio
n.ipynb

= [ ook at how to prepare nice graphics using ggplot?
= hitps://nbviewerjupyter.org/github/eogasawara/mylibrary/blob/master/Graphic.ipy

nb



https://nbviewer.jupyter.org/github/eogasawara/mylibrary/blob/master/Introduction.ipynb
https://nbviewer.jupyter.org/github/eogasawara/mylibrary/blob/master/Graphic.ipynb
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