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Manipulacao e visualizacdo de dados

» Manipular e visualizar dados sdo tarefas obrigatorias em
Data Science (DS).

> O conhecimento sobre dados determina o sucesso das etapas
sequintes.

> Fazer isso de forma eficiente requer:

> Conhecer o processo e suas etapas.
> Dominar a tecnologia para isso.

» Existem inimeros softwares voltados para isso.
» R se destaca em DS por ser free & open source, ter muitos
recursos e uma ampla comunidade.
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O tempo gasto em DS

O que os cientistas de dados mais gastam tempo
fazendo e como gostam disso?

Tempo gasto Menos divertido
S 745>
Atividade
. 1. Coletar dados
. 2. Limpar e organizar dados

. 5. Refinar algoritmos
. 6. Outros

/10( 50 3. Minerar de dados

4. Construir dados de treino

25 25

Figura 1. Tempo gasto e diversao em atividades. Fonte: Gil Press, 2016.
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https://www.forbes.com/sites/gilpress/2016/03/23/data-preparation-most-time-consuming-least-enjoyable-data-science-task-survey-says

O ambiente R para manipulacao de dados

» O R ¢ a lingua franca da Estatistica.
» Desde o principio oferece recursos para manipulacao de
dados.
> O data.frame é a estrutura base para dados tabulares.

> base, utils, stats, reshape, etc com recursos para importar,
transformar, modificar, filtrar, agregar, data. frames.

> Porém, existem “algumas imperfeicoes” ou espaco para
melhorias:

> Coercoes indesejadas de data.frame/matriz para vetor.

> Ordem/nome irreqular/inconsistente dos argumentos nas
fungoes.

» Dependéncia de pacotes apenas em cascata.
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A abordagem tidyverse
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O tidyverse

» Oferece uma reimplementacao e extensao das
funcionalidades para manipulacao e visualizacao.

» E uma colecao 8 de pacotes R que operam em harmonia.

> Eles foram planejados e construidos para trabalhar em
conjunto.

» Possuem gramatica, organizacdo, filosofia e estruturas de
dados mais clara.

» Maior facilidade de desenvolvimento de cddigo e

portabilidade.

Outros pacotes acoplam muito bem com o tidyverse.

Pacotes: https://www.tidyverse.org/packages/.

R4DS: https://r4ds.had.co.nz/.

Cookbook: https://rstudio-education.github.io/

tidyverse-cookbook/program.html.

vV vyVYyy

Walmes Zeviani - UFPR


https://www.tidyverse.org/packages/
https://r4ds.had.co.nz/
https://rstudio-education.github.io/tidyverse-cookbook/program.html
https://rstudio-education.github.io/tidyverse-cookbook/program.html

O que o tidyverse contém

library(tidyverse)
1s("package:tidyverse")

## [1] "tidyverse_conflicts" "tidyverse_deps"

##

[4]

"tidyverse_packages"

"tidyverse_update"

"tidyverse_logo"

tidyverse_packages ()

##
##
##
##
##
##
##

[1]
[5]
[9]
[13]
[17]
[21]
[25]

"broom"
"dbplyr"
"hms"
"magrittr"
"readx1l\n(>="
"rvest"
"xml2"

Ilclill
"forcats"
"httr"
"modelr"
"reprex"
"stringr"
"tidyverse"

"crayon"
"ggplOtZ"
"jsonlite"
"purrr"
"rlang"
"tibble"

Ildp'Lyrll
"haven"
"lubridate"
"readr"
"rstudioapi"
"tidyr"
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Os pacotes do tidyverse

.tid'yve_rs-e'

ggplot2

Figura 2. Pacotes que fazer parte do tidyverse.
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Mas na realidade

Figura 3. Em um universo pararelo.
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A anatomia do tidyverse

tibble

» Uma reimplementagao do data.frame com muitas melhorias.
» Método print() enxuto.
» Documentagao: https://tibble.tidyverse.org/.

readr

Leitura de dados tabulares: csy, tsy, fwf.

Recursos “inteligentes” que determinam tipo de variavel.
Ex: importar campos de datas como datas!
Documentacdo: https://readr.tidyverse.org/.

vV VvyYyy
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https://readr.tidyverse.org/

A anatomia do tidyverse
tidyr

» Suporte para criacdo de dados no formato tidy (tabular).

» Cada variavel estd em uma coluna.
> Cada observacao (unidade amostral) é uma linha.
» Cada valor é uma cédula.

» Documentacao: https://tidyr.tidyverse.org/.
dplyr

Oferece uma gramatica extensa pra manipulacado de dados.
Operagoes de split-apply-combine.

Na maior parte da manipulacdo é usado o dplyr.
Documentagao: https://dplyr.tidyverse.org/.

VA V2V .AY
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https://tidyr.tidyverse.org/
https://dplyr.tidyverse.org/

A anatomia do tidyverse
ggplot2

» Criacdo de graficos baseado no The Grammar of Graphics
(WILKINSON et al., 2013).

» Claro mapeamento das variaveis do BD em varidveis visuais e
construcdo baseada em camadas.

» Documentacao: https://ggplot2.tidyverse.org/.

» WICKHAM (2016): ggplot2 - Elegant Graphics for Data
Analysis.

» TEUTONICO (2015): ggplot2 Essentials.

forcats

» Para manipulacdo de variaveis categoéricas/fatores.

> Renomenar, reordenar, transformar, aglutinar.

» Documentagao: https://forcats.tidyverse.org/.
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A anatomia do tidyverse

stringr

» Recursos coesos construidos para manipulagao de strings.
» Feito sobre o stringi.
» Documentacdo: https://stringr.tidyverse.org/.

purrr

» Recursos para programacgao funcional.

» Funcdes que aplicam fungdes em lote varrendo objetos:
vetores, listas, etc.

» Documentacgdo: https://purrr.tidyverse.org/.
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https://stringr.tidyverse.org/
https://purrr.tidyverse.org/

Harmonizam bem com o tidyverse

magrittr: operadores pipe — %>%.

rvest: web scraping.

httr: requisicoes HTTP e afins.

xml2: manipulacao de XML.

lubridate e hms: manipulacdo de dados cronoldgicos.

Ve e VoY VvV

Walmes Zeviani - UFPR


https://magrittr.tidyverse.org/
https://rvest.tidyverse.org/
https://cran.r-project.org/package=httr
https://cran.r-project.org/package=xml2
https://lubridate.tidyverse.org/
https://hms.tidyverse.org/

Estruturas de dados do tibble
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Anatomia do tibble

Aperfeicoamento do data. frame.

A classe tibble.

Formas &geis de criar tibbles.

Formas 4geis de modificar objetos das classes.
Método print mais enxuto e informativo.

Ve e VoY VvV
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# packageVersion("tibble")
1s("package:tibble")

##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
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[1]

[3]

[5]

[7]

[9]
[11]
[13]
[15]
[17]
[19]
[21]
[23]
[25]
[27]
[29]
[31]
[33]
[35]

"add_case"
"add_row"
"as_tibble"
"column_to_rownames"
"data_frame_"
"enframe"
"frame_matrix"
"has_name"
"is_tibble"
"is_vector_s3"
"lst"
"new_tibble"
"remove_rownames"
"rowid_to_column"
"set_tidy_names"
"tibble"
"tidy_names"
"trunc_mat"

"add_column"
"as_data_frame"
"as.tibble"
"data_frame"
"deframe"
"frame_data"
"glimpse"
"has_rownames"
"is.tibble"
"knit_print.trunc_mat"
"lst_"

"obj_sum"
"repair_names"
"rownames_to_column"
"tbl_sum"

"tibble_"

"tribble"

"type_sum"



Ti bb leS -an enhanced data frame

The tibble package provides a new
S3 class for storing tabular data, the
tibble. Tibbles inherit the data frame
class, butimprove three behaviors:

« Subsetting - [ always returns a new tibble,
[[ and $ always return a vector.

« No partial matching - You must use full
column names when subsetting

«Display - When you print a tibble, R provides a
concise view of the
data that fits on .
one screen

« Control the default appearance with options:
options(tibble.print_max=n,
tibble.print_min = m, tibble.width = Inf)

A sitble: 2
« View full data set with View() or glimpse()
« Revert to data frame with as.data.frame()

CONSTRUCT ATIBBLE IN TWO WAYS

tibble(...)
Construct by columns.
tibble(x=1:3, y = c("a", "b", "c")

Both
make this

tibble

usum ¢ e
nes oo
ga § o tribble(..) .
%%? it B Constructbyrows. A tibble: 3 x 2
i tribble(~x, -y, <int> <chr>
Y 1, "a’ 2 3 5
Alarge table 2, "b" 3 3 c
to display data frame display 3, "c")

as_tibble(x, ...) Convert data frame to tibble.

enframe(x, name = "name”, value = "value")
Convert named vector to a tibble

is_tibble(x) Test whether x is a tibble.

Figura 4. Uso do tibble.




Leitura de dados com readr
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Anatomia do readr

» Importacdo de dados no formato texto.

> Funcdes de importacdo: read_*().
> Fungoes de escrita: write_x().
» Fungdes de parsing: parse_x.

v

Conseguem identificar campos de data.
Muitas opgdes de controle de importacao:

v

» Encoding.
> Separador de campo e decimal.
> Aspas, comentarios, etc.

v

Cartdo de leitura com o readr e arrumacgao com o tidyr: https:
/[rawgit.com/rstudio/cheatsheets/master/data-import.pdf.
Exemplos do curso de leitura de dados com o readr:
http://leg.ufpr.br/ ~walmes/cursoR/data-vis/99-datasets.html.

v
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https://rawgit.com/rstudio/cheatsheets/master/data-import.pdf
https://rawgit.com/rstudio/cheatsheets/master/data-import.pdf
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# packageVersion("readr")

1s("package:readr"

[
%>%

str_subset("(read|parse|write)_") %>%
sort()

N N

##
##
##
##
##
##
##
##
##
##
##
##

[1]

[4]

[7]
[10]
[13]
[16]
[19]
[22]
[25]
[28]
[31]
[34]

"parse_character"
"parse_double"
"parse_integer"
"parse_time"
"read_csv2"
"read_delim"
"read_file_raw"
"read_lines_chunked"
"read_rds"
"read_tsv"
"write_delim"
"write_ lines"

"parse_date"
"parse_factor"
"parse_logical"
"parse_vector"
"read_csv2_chunked"
"read_delim_chunked"
"read_fwf"
"read_lines_raw"
"read_table"
"read_tsv_chunked"
"write_excel_csv"
"write_rds"

"parse_datetime"
"parse_guess"
"parse_number"
"read_csv"
"read_csv_chunked"
"read_file"
"read_lines"
"read_log"
"read_table2"
"write_csv"
"write_file"
"write_tsv"
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Data Import

tyverse s built around tidy data stored
bbles, which are enhanced data frames.

The front side of this sheet shows
how to read text files into R with
readr.

The reverse side shows how to
create tibbles with tibble and to
layout tidy data with

OTHER TYPES OF DATA
Try one of the following packages to import
other types of files

+ haven- PSS, Stata, and SAS files

+ readx! - excelfiles (xls and xisx)
DBI- databases
Jsonlite - json
xmi2 - XML
httr -Web APIs
rvest - HTML (Web Scraping)

Save Data
Save x, an Robject, to path, a file path, as:

Comma delimited file
write_csv(x, path, na ="NA", append = FALSE,
ol_names = lappend)
with arbitrary delimi
write_delim(x, path, deli
append = FALSE, col_names
Csv for excel
write_excel_csv(x, path, na="NA", append =
ALSE, col_names = lappend)

" na="NA,
append)

String to file
write_file(x, path, append = FALSE)
String vector to file, one element per line
ite_lines(x,path, na = "NA', appent
Object to RDS file
writerdsty, path, compress =c('none’,“gz"
b )

LSE)

Tab delimited files
write_tsv(x, path, na = "NA', append = FALSE,
col_names = lappend)

eStudio

T— v ~ »n v
B

CHEAT SHEET =
-]

Read Tabular Data - these functions share the common arguments

rescfle,colLnames =TRUE, coltypes =NULL ocal =defult localel
na = TRUE, comment =TRUE, s
teractive())

n,max; progress

=Inf, guess_max= mmuoou

Data types

readr functions guess
the types of each column and

convert types when appropriate (but will NOT
convert strings to factors automatically)

Amessage shows the type of each colum i the
result.
## Parsed with colum specification:

s (

## cols

I ol integer(), <

## ol chara:!erH integer
double()

s a double (num

1. Use problems() to diagnose problers.
x<-read_csv("file.csv"); problems(x)

2. Use  col_function to guide parsing.
« col_guess() the default
« col_character()
+ col_double(), col_euro_double()

Comma e
) BEE ST
123 4 5N To make file.csy run:
45NA write_file(x="a,b,c\n1,2,3\n4,5,NA", path = "file.csv")
[ Te] ed Files
o N v
123 4 5 NA wiite_filex = "ab;c\n1;2;3\n4;5;NA", path = "file2.csv")
45N
Files with Any D
DEEE read, _delim("file.xt’, delim ="")
12 write._file(x b\»\m\z\z\m\sw;« path = "filetxt")
45w
Fixed Width
read_fwf("file. fwl“ col_position: (1,3,5)
abd EIEEE e file(x="a b c\nl 2 3\n4 5 NAY, path = "file.fwf")
— HEB
123 45N
ASNA Y-Ih Dellmlled Files
d_tsv("file.tsv") Also read_table().
write_file(x = "a\tb\tc\n1\t2\t3\n4\tS\tNA', path = "file.tsv")
USEFUL ARGUMENTS

Example file |1 [2]s RENE

wite_file("a,b,c\n1,2,3\n4,5 NV file.csv') Ty 5
“file.csv"

Noheader [ 15| c]

read_csv(f, col_names = FALSE) HEE

Provide header
read_csv(f, col_names =

issing Value:
read_csvif,na

ne:
read_csv(f, ski

Read in a subset
read_csvif, n_max=

+ col_datetime(format = ") Also.
col_datefformat = "), col_time(format
+ col_factor{levels, ordered = FALSE)

p=1)

s ol_factor())

3. Egse, read inascharactervectors then parse
wii

Read Non-Tabular Data

Read afile into
read_fleffil, iy _locale())
Read each line into its own s!rlng
vead_tines(fie, skip
Tocle = ccinoh locale roges:
Read Apache style log fles
read_loglfile, col_names = FALSE, col_types

Read afile into a raw vector
read_file_raw(iile)

resd tines_rawilc,sip =0,
interactive())

Lna
ntera

haracter(),
ive())

UL, skip =0, n_max=-1, p

Read each line into a raw vector

. parse dautlme(]lllsu parse_date() and

. parse_douhlz()
« parse_factor()

n_max=-1L, « par ger()
« parse_logical()
« parse_number()
X84 <- parse_

+ CCBYSA Rstudio .

 readr 110+ tibble 12,12+ tidyr 0.60+ Updated: 201701

Figura 5. Cartao de referéncia importacdo de dados com o readr.
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Read Ta bu I.a r Data - These functions share the common arguments:

read_*(file, col_names = TRUE, col_types = NULL, locale = default_locale(), na=c("", "NA"),

quoted_na = TRUE, comment = "', trim_ws = TRUE, skip = 0, n_max = Inf, guess_max = min(1000,

n_max), progress = interactive())

a,b,c
1,2,3
4,5,NA

ab;c
1;2;3
4;5;NA

c1'|b\cB
1213
4|5NA

abc
123

45 NA

—

—_—>

—

—_—>

[A]B]C]
HElE
4 5 NA

[AlB]C]
1.2 3
4 5 NA

[AlB[C]
12 3
4 5 NA

(A]B]C]

1 2 3
4 5 NA

Comma Delimited Files
read_csv("file.csv")
To make file.csvrun:
write_file(x="a,b,c\n1,2,3\n4,5,NA", path = "file.csv")

Semi-colon Delimited Files
read_csv2("file2.csv")
write_file(x = "a;b;c\n1;2;3\n4;5;NA", path = "file2.csv")

Files with Any Delimiter
read_delim("file.txt", delim ="|")
write_file(x="alb|c\n1|2|3\n4|5|NA", path = "filext")

Fixed Width Files
read_fwf("file.fwf", col_positions = c(1, 3, 5))
write_file(x="a b c\n1 2 3\n4 5 NA", path = "file.fwf")

Tab Delimited Files
read_tsv("file.tsv") Also read_table().
write_file(x = "a\tb\tc\n1\t2\t3\n4\t5\tNA", path = "file.tsv")

Figura 6. Leitura com o readr.
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Data types

readr functions guess
the types of each column and

convert types when appropriate (but will NOT

convert strings to factors automatically).

A message shows the type of each column in the

result.

## Parsed with column specification:

## cols(
##  age

= col_integer(), ageisan
## sex = col_character(), (ki

## earn = col_double()
## )

sexisa

earn is a double (numeric) M character

1. Use problems() to diagnose problems.
x <- read_csv("file.csv"); problems(x)

2. Use a col_ function to guide parsing.

« col_guess() thedefault

+ col_character()

« col_double(), col_euro_double()

« col_datetime(format ="") Also
col_date(format=""), col_time(format ="")

« col_factor(levels, ordered = FALSE)

« col_integer()

« col_logical()

« col_number(), col_numeric()

+ col_skip()

x <- read_csv("file.csv", col_types = cols(
A =col_double(),
B =col_logical(),
C=col_factor()))

3. Else, read in as character vectors then parse
with a parse_ function.

« parse_guess()

« parse_character()

parse_datetime() Also parse_date() and
parse_time()

parse_double()

parse_factor()

parse_integer()

parse_logical()

« parse_number()

X$A <- parse_number(xSA)

.

Figura 7. Parsing de valores com readr.
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Dados no formato tidy com tidyr
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Anatomia do tidyr

Para fazer arrumacdo dos dados.

Mudar a disposicao dos dados: long = wide.
Partir uma varidvel em varios campos.

Concatenar varios campos para criar uma variavel.
Remover ou imputar os valores ausentes: NA.
Aninhar listas em tabelas: tribble.

W W Voo Yy V
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# packageVersion("tidyr")
1s("package:tidyr")

##
##
##
##
##
##
##
##
##
##
##
##
##
##
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[1]

[4]

[7]
[10]
[13]
[16]
[19]
[22]
[25]
[28]
[31]
[34]
[37]
[40]

noson
"crossing"
"drop_na_"
"extract"
fitt
"gather"
"nest_"
"population”
"separate_"
"smiths"
"tablel"
"tableda"
"uncount"
"unnest"

"complete"
"crossing_"
"expand"
"extract_"
Il
"gather_"
"nesting"
"replace_na"
"separate_rows"
"spread"
"table2"
"tabledb"
"unite"
"unnest_"

"complete_"
"drop_na"
"expand_"
"extract_numeric
"full_seq"
"nest"
"nesting_"
"separate"
"separate_rows_"
"spread_"
"table3"
"table5"
"unite_"

"who"



- e AW 4

Tibbles - anenanced gata rame

The tibble package provides a new

53 class for storing tabular data, the

tibble. Tibbles inerit the data frame

class, butimprove three behaviors:

+ Subsetting - [ always returns a new tibble,
[[and § always return a vector.

«No partial matching - You must use full
column names when subsetting

+Display - When you print a tibble, R provides a
the

data that fits on
one screen

S g e

Alarge table

todisplay ay

* Control the default appearance with options:
options((ibble.print_max
tibble.print_min = m, tbble.width = Inf

+ View full data set with View() or glimpse()
« Revert to data frame with as.data.frame()

Tidy Data with tidyr
Tidy data is a way to organize tabular data. It provides a consistent data structure across packages.
Atableis tidy if: Tidy data: > C

Ml @ oL

—_—
j—
j—
case, is in its own row

its own column toaccessasvectors  vectorized operations

Reshape Data- change the tayout of vatues inatable

Use gather() and spread() to reorgai atableintoa new layout.

gather(data, key, value, .., na.rm=FALSE,  spread(data, key, value, fill
convert = FALSE, factor_key = FALSE) drop = TRUE, sep=NULL)

gather() moves column names into a key spread() moves the unique values of a key
column, gathering the column values intoa  column into the column names, spreading the
single value column. values of a value column across the new columns.

A, conver

ALSE,

m-m | country] year [cases | pop |

07K 2 A A 190 07K oM
B e ek 5 A 200 2K [20M
o 2 2K < B 160 a7 1M
A B 2000 sk 17a
5 C 190 2126 [T
c C 20 21K 4T

gather(tableda, 1999,

*2000°,
key = "year', value = "cases")

spread(table2, type, count)

CONSTRUCT ATIBBLE IN TWO WAYS
tibble(...)

Construct by columns.

tibble(x=1:3,y=c("a", "b", "c"))

A tibble:

<int? <chrd
P T

tribble(.)
Construct by rows. 3y
wibbie(~
I

7 505 ¢
EG
as_tibble(x, ) Convert data frame to tibble.

enframe(x, name = “name’, value = "value’)
Convert named vector to a tibble

is_tibble(x) Test whether xis a tibble.

GStudio

Figura 8. Cartao de referéncia arrumagdo de dados
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Handle Missing Values

drop_na(data, ...) fill(data, ..., direction = c("down", "up")) replace_na(data,
Drop rows containing Fillin NAs in ... columns with most replace = list(), ...)
NASin ... columns. recent non-NA values. Replace NA's by column.
me | me mE e men e
PG 3 i P> a
5 S B S B
? H v : 2
drop_nalx, x2) fill(x, x2) replace_na(x, list(x2 =2))

Expand Tables - quiy create tabis ith combinations of vatues

complete(data, ., fill = list()) expand(data, ...
fthe  Create i i
of the values of the variables listed in ...

expand(mcars, cy, gear, carb)

missing
values of the variables listed in ..
complete(mtcars, cyl, gear, carb)

. + CCBY Sh Rstudio- .

Split Cells

Use these functions to

split or combine cells
into individual, isolated
values.

separate(data, col, into, ssp"‘["[ alnum]]
+, remove = TRUE, convert =
extra="warn', fill = "warn’, . v)
Separate each cell in a column to make
several columns.

countny [year | rate I couniry| yeor lcases oop |
A 1990 0oom A 1999 0
A 2000 o A
8 e T8
B a7 e
c e oot c
c v c

separate(table3, rate,
into=c("cases’; "pop"))

separate_rows|(data,
+, convert = FALSE)

sep="[":alnum:]]

Separate each cell in a column to make
several rows. Also separate_rows_)

:
:
v

GocoBmmms s>

separate_rows(table3, rate)

unite(data, col,

Collapse cells across several columns to
make a single column.

,sep="_", remove = TRUE)

e
i 1000
W, Ao 00
o gt
EE o o
a9
[

umre/mbres zen!my, year,

 readr 110+ tibble 12,12+ tidyr 0.60+ Updated: 201701

com tidyr.



Tidy Data with tidyr
Tidy data is a way to organize tabular data. It provides a consistent data structure across packages.
Atableis tidy if: Tidy data:

Mem oL

Each variable is in Each observation, or

bser Makes variables easy Preserves cases during
its own column case, isin its own row

to access as vectors vectorized operations

Figura 9. A definigao de tidy data ou formato tabular.
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ReSha pe Data - change the layout of values in a table

Use gather() and spread() to reorganize the values of a table into a new layout.

gather(data, key, value, ..., na.rm =FALSE, spread(data, key, value, fill = NA, convert = FALSE,

convert = FALSE, factor_key = FALSE) drop = TRUE, sep = NULL)

gather() moves column names into a key spread() moves the unique values of a key
column, gathering the column values into a column into the column names, spreading the
single value column. values of avalue column across the new columns.

A 07K 2K A 07K A 1999 [ 07K > A 1999 07K 19M
B 37K | 80K B 1999 37K A 1999 [FTH 19M A 2000 2K @ 20M
C 212K 218K c [ EEH 212k A 2000 B 2K B 1999 37K 172M
A 2K A 2000 [T 20m B 2000 80K 174M
B 80K B 1999 B a7k C 1999 212K 1T
¢ E& 213k B 1999 [EEFH 172m € 2000 213K 1T

key B 2000 [GEEES] 80K

B 2000 QLT 174M

c 1999 [ 212k

c  1es I 1T

¢ 2000 Y 213k

¢ 2000 N 1T

gather(tableda, “1999°, *2000°, key
key = "year", value = "cases", spread(table2, type, count)

Figura 10. Modificagao da disposicdo dos dados com o tidyr.
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Handle Missing Values

drop_na(data, ...) fill{data, .., .direction = ¢("down", "up"))

Drop rows containing Fillin NA’s in ... columns with most
NA’sin ... columns. recent non-NA values.
o mm e

B _) D 3 B _) B 1

c c c 1

D 3 D 3 D 3

E E E 3

drop_na(x, x2) fill(x, x2)

replace_na(data,
replace = list(), ...)

Replace NA's by column.

o3 e

1 i
B

(o]

3 D
E

moo®

replace_naf(x, list(x2 =2))

wnN =

2

EXpa n d Ta b I.eS - quickly create tables with combinations of values

complete(data, ..., fill = list()) expand(data,...)
Adds to the data missing combinations of the  Create new tibble with all possible combinations
values of the variables listed in ... of the values of the variables listed in ...
complete(mtcars, cyl, gear, carb) expand(mtcars, cyl, gear, carb)

Figura 11. Recursos para lidar com dados ausentes do tidyr.

Walmes Zeviani - UFPR



Split Cells

Use these functions to
split or combine cells

into individual, isolated

separate_rows(data, ..., sep="["[:alnum:].]  unite(data, col, ..., sep ', remove = TRUE)

values. "
+, convert = FALSE) Collapse cells across several columns to
. i make a single column.
separate(data, col, into, sep = "[*[:alnum:]] Sepa;‘eoea: :T:;ISI: aac;ltum:o::sm(a)ke :
+", remove = TRUE, convert LSE, S i P e =\ [ country JEREREY
extra="warn", fill = "warn", ...) . Afghan 19 Afghan 1999
) | countrylyear | __rate | | country [ year | _rate | Aghan 20 —» Alghan 2000
Separate each cellin a column to make A 1999 O K/19M A 1999 07K Brazi |19 Brazl 1989
several columns. A 2000 ckpom =P A 1000 [TV Brazi 20 M Brazil 2000
. B 1999 37K/172M A 2000 2K China 10 XN China_ 1999
B 2000 G0K/174M A 2000 EETH . .
Chi 20 China 2000
e e IS UL L S ———"
1 0.7KN 9 1 ?
C 2000 213K/T B 1900 EEZMN
A 20 seoM _y A 200 2K O L unite(table5, century, year,
B 1999 37KN72M B 1999 37K B 2000 EEZN col ="year", sep="")
B 2000 H0K/174M B 2000 80K C 1899 212K
C 1909 212kMT C 1999 212K c 1900 MEEEN
C 2000 213NT c 2000 213« HERM C 2000 213K
¢ 2000 IEEEN
separate(table3, rate,
into = c("cases", "pop")) separate_rows(table3, rate)

Figura 12. Partir e concatenar valores com tidyr.
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Agregagao com dplyr
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Anatomia do dplyr

» O dplyr é a gramatica para manipulagao de dados.
» Tem um conjunto consistente de verbos para atuar sobre
tabelas.

>

v

>

Verbos: mutate(), select(), filter(), arrange(),
summarise(), slice(), rename(), etc.

Sufixos: _at(), _if(), _all(), etc.

Agrupamento: group_by() e ungroup().

Jungodes: inner_join(), full_join(), left_join() e
right_join().

Fun(;(')es resumo: n(), n_distinct(), first(), last(), nth(),
etc.

E muito mais no cartdo de referéncia.

» Cartdo de referéncia: https://github.com/rstudio/cheatsheets/
raw/master/data-transformation.pdf.
» E sem dilvida o pacote mais importante do tidyverse.
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# library(dplyr)

1s("package:dplyr") %>% str_c(collapse = ", ") %>% strwrap()

## [1] "%>%, add_count, add_count_, add_row, add_rownames, add_tally,"
## [2] "add_tally_, all_equal, all_vars, anti_join, any_vars, arrange,"
## [3] "arrange_, arrange_all, arrange_at, arrange_if, as_data_frame,"
## [4] "as.tbl, as.tbl_cube, as_tibble, auto_copy, band_instruments,"
## [5] "band_instruments2, band_members, bench_tbls, between,"

## [6] "bind_cols, bind_rows, case_when, changes, check dbplyr,"

## [7] "coalesce, collapse, collect, combine, common_by, compare_tbls,"
## [8] "compare_tbls2, compute, contains, copy_to, count, count_,"

## [9] "cumall, cumany, cume_dist, cummean, current_vars, data_frame,"
## [10] "data_frame_, db_analyze, db_begin, db_commit, db_create_index,"
## [11] "db_create_indexes, db_create_table, db_data_type, db_desc,"

## [12] "db_drop_table, db_explain, db_has_table, db_insert_into,"

## [13] "db_list_tables, db_query_fields, db_query_rows, db_rollback,"
## [14] "db_save_query, db_write_table, dense_rank, desc, dim_desc,"

## [15] "distinct, distinct_, do, do_, dr_dplyr, ends_with, enexpr,"

## [16] "enexprs, enquo, enquos, ensym, ensyms, eval_tbls, eval_tbls2,"
## [17] "everything, explain, expr, failwith, filter, filter_,"

## [18] "filter_all, filter_at, filter_if, first, frame_data, full_join,"
## [19] "funs, funs_, glimpse, group_by, group_by , group_by all,"

## [20] "group_by_at, group_by_if, group_by_prepare, grouped_df,"

## [21] "group_indices, group_indices_, groups, group_size, group_vars,"
## [22] "id, ident, if_else, inner_join, intersect, is_grouped_df,"

## [23] "is.grouped_df, is.src, is.tbl, lag, last, lead, left_join,"

## [24] "location, lst, lst_, make_tbl, matches, min_rank, mutate,"

## [25] "mutate_, mutate_all, mutate_at, mutate_each, mutate_each_,"

## [26] "mutate_if, n, na_if, nasa, n_distinct, near, n_groups, nth,"
## [27] "ntile, num_range, one_of, order_by, percent_rank,"

## [28] "progress_estimated, pull, quo, quo_name, quos, rbind_all,"
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Data Transformation with dplyr

dplyr functions work with pipes and expect tidy data. In tidy data:

& = Cal
i EE O bipes
Eachvariableisin  Each observation, or X %>% f(y)
its own column. case,isinitsownrow  becomes f(x, y)

Summarise Cases

These apply summary functions to columns to create a new
table of summary statistics. Summary functions take vectors as
input and return one value (see back)

Manipulate Cases

EXTRACT CASES.
Row functions return a subset of rows as a new table.

filter(.data, ...) Extract rows that meet logical
criteria. filter{ris, Sepal Length>7)

distinct{cata, ., keep.all=FALSE) Remove
owtwith fupicaie e
distinctiiris, Species)

nmvle fracitol, size 1, replace = FALSE,

CHEAT SHEET

Manipulate Variables

EXTRACT VARIABLES
Column functions return a set of columns as a new vector or table.
pulldata, var=-1) Extract column values a5

vector. Choose by name or index
pulins, septLengehy

select(data, ..)
- Extract columns as a table. Also select_if().
select(iris, Sepal.Length, Species)

summary function PG ooy

sample._| roclirs, 051 Ieplu(e TRUE) eg. select(iris, starts_with("Sepol’))

u summarise(.data, ..) contains(match) mpgicyl
Compute table of summaries. sample_n(tbl, size, replace = FALSE, weight = ends_with(match) one_t -, e.g, -Species
summarise(mtcars, avg = mean(mpg) . ny = parent.frame() Randornly select matches(match) starts_with(match)

size rows. sample_n(iris, 10, replace = TRUE)
count(x, .., wt=NULL, sort = FALSE)
= it number of rows in each group defined i Select rows by position. MAKE NEW VARIABLES
- by the variables in .. Also tally(). H slicefiris, 10: These !
ppl . Vectorized funs tak
count(is, Species) fop_n(x, n, order (by ‘and return vectors of the same length as output
groupif grouped data). top_n(iris, 5, Sepal Width) (see back.

VARIATIONS vectorized function

summarise_all() - Apply funs to every column.

summarise_at() - Apply funs to specific columns. P— o mutate( data, .

summarise_if()- Apply funs to pe. 0 Compute new column(s).

- - s.nal) mutate(mtcars, gpm = 1/mpg)

Group Cases

Use group_by() to create a "grouped” copy of a table.
3 e g sen

dplyr
then combine the results.

mtcars %%
group_by(cyl) %%
summarise(avg = mean(mpg))

u
group_by(dsta, ., add = ungroup(x, ..)

LSE) Returns ungrouped copy
nemmscopyoname of table.

ungroup(g_iris)
i cgmup by(irs, Species)

GStudio

%in% | xor()
>= lisna() ! &

See Phase::logic and 2Comparison for help.

ARRANGE CASES.

arrange( data, ..) Order rows by values of a
column or columns (low to high), use with
desc() to urder!mm high ow
arrange(mtcar

arrange(m(:ars desctmngi)

ADD CASES

i 24d.row dota, ., before=NULL, after =NULL)
& Of more rows to a t

add Towaithf eruptions = 1, waiting = 1)

transmute(.data, ..)
pute new column(s), drop others.
transmute(mtcors, gpm = 1/mpg)

mutate_all(.tbl, funs, .. lAlelunsloevery
- column. Use with funsf). Also mutate_if().
mutate_all(faithful, funs(log(.), log2(.))]
mutate_ifii, is.numeric, funs{log(.Jj)

mutate_at(tbl, .cols, .funs, ...) Apply funs to
specific columns. Usewlthluns() vars{) and
the helper functions for sele

matase ot vors Spociesh fons(ogt)

= add_column(data, .., before = NULL, .
NULT) Add new column(). Also add_ wum()
add_tally(). add_column(mtcars, new = 1:32)

rename(.data,
rename(iis, Leng

Rename columns.
= Sepal Length)

+ CCRYSARStucio- .

(dpye, ibble") « dplyr 0.7.0- tbble 1.2 - Updated: 2017-03

Figura 13. Cartao de referéncia de operagoes em dados com tabulares com dplyr.
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TO USE WITH MUTATE ()

TO USE WITH SUMMARISE ()

() appl

I functions to

Summary
tand return single

tand
as output.
vectorized function

OFFSETS

dplyr la:() Offset elements by 1
“Aead() - Offset elements by -1

CUMULATIVE AGGREGATES
dplyricumall) Cumulativell)
dplyr:

dplyr:cummean() - Cumulative mean()
cummin) Cumulative min(

cumprod() - Cu e pro

Cumaam()- Comutate o)

RANKINGS.

lyr::cume_dist() - Proportion of all values <=
:dense_rank() - rank with ties = min, no

. rankl) - ankcwith tes = min

dplyr percent_rank() -

in.rank scaled to 0,1
w_number() - rank with ties = "first"

MATH
4% arthmetic ops
la;(),lo;z(), l°!1°(l log:
*logicat comparisons

dplyr:betweent] &x <= right
dplyrnear() - safe ==for floating point
numbers

misc

en() - multi-case if else(
dplyr cualeu!(] first non-NA values
element across a set of vectors

else() - element-wise if() + else()

() - replace specific values with NA

1)
- recode.factor() - vectorized switch(
il

summary function

couNTs
lyr::n() - number of values/rows

AP itinest) 4 of e
sum(is.na()) - # of non-NA's

COMBINE VARIABLES

Use bind_cols() to paste tables beside each
other as they are.

bind_cols(...) Returns tables placed side by
side as a single table
BE SURE THAT ROWS ALIGN.

COMBINE CASES

nna
nnE

Use bind_rows() to paste tables below each
other as they are.

FNAAE bind_rows(..., id = NULL)
o

to. Eachjoin
ion of values from

LocATION Use a "Mutating Join" to join one table to
Is0 mean(tis.na() columns th
median() - median
LoGICALS et
mean()Proporton of TRUE' (et joinby byt
0 % of T TRE CoprSE

POSITION/ORDER
dptyrafrsl)-fstvalue

plyr:ilast() - last value

th() - value in nth location of vector

quantile() - nth quantile
min() - minii

max() - maximum value

SPREAD
IQR() - Inter-Quartile Range
mad) - median absolute deviation

sd() -standard deviation

var() -variance

Row Names

Tidy data does not use rownames, which store a
variabie outside of the columns. To work withthe
rownames,first move them nto a colurny

OO wmm roWnames_to_column()

0 mes into col.
Bu3%s g rownames_to_column(is,var
o mew 27

maE A0 column_to_rownames()
12t 3% Movecolinfownames.
it% 24 column_to_rownamesfa, var="C")

Also has_rownames(), remove_rownames()

suffbel’y)...)
522 Sl matchingvalues rom ) tox.

romn right join(x y, by = NULL, copy =
awis FALSE, sul

222 Join matching values fromx toy.

e inner joinis, y by =NULL copy =

Xy

Join dala Retain only rows with

nnan flllLJnm[x o by=hy
215 CopyPALSE, suffi ey,
cunm Som data Rexamauvalues, allrows.
auni

AWAT Use by = ¢("coll”, "col2", ...) to
25483 specify one or more common

£V %% columns to match on.

left_join(x,y, by ="A")

Use anamed vector, by =¢("col1" =
"col2"), to match on columns that
have different names in each table.
left_join(x, y, by =¢("C"="D"))

jve to unmatched columns that
same name in both tables.
leftjoin(x, y, by =c("C"="D"), suffix
o752

A Use suffix to specify the suffix to
buab

)
: n top of the other
3 asasingle table. Set.id to a column

% name toadd a column of the original
“ table names (as pictured)

O0A intersect(x, y,
¥ Rows that appearin both xand y.

AR setdiff(x,y, ..)
©3 Rowsthat appearinxbut noty.

Rows that appearin xory.
(Duplicates removed). union_all()

oo union(x, y,..) j
w4 retains duplicates.

Use setequal() to test whether two data sets
contain the exact same rows (in any order).

EXTRACT ROWS
X y
oo non

wun + buE

Use a "Filtering Join" to filter one table against
the rows of another.

A semi_join(x,y, by =NULL, ._)
O o rows o ot have 3 match n
®w2 USEFUL TO SEE WHAT WILL BE JOINED

nnE anti
O et rous tpthat o hot
matehiny, USEF RO SRR Wi
NOT BE J

eStudio

Figura 14. Cartao de
Walmes Zeviani - UFPR

Inc.  CCBY SA Rtudio-

(dpye, ibble") « dplyr 0.7.0- tbble 1.2 - Updated: 2017-03

referéncia de operagdes em dados com tabulares com dplyr.



Programacao funcional com purrr
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Anatomia do purrr

v

O purrr fornece um conjunto completo e consistente para
programacao funcional.

Sé&o uma sofisticacao da familia apply.

Vérias funcao do tipo map para cada tipo de input/output.
Percorrem vetores, listas, colunas, linhas, etc.

Permitem filtar, concatenar, parear listas, etc.

Tem funcoes para tratamento de excecdes: falhas/erros, avisos.
Cartao de referéncia:
https://github.com/rstudio/cheatsheets/raw/master/purrr.pdf.

W \Y ¥ Y Ve ¥V
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# library(purrr)

1s("package:purrr") %>% str_c(collapse = ", ") %>% strwrap()

## [1] "%>%, %||%, %@%, accumulate, accumulate_right, array_branch,"
## [2] "array_tree, as_function, as_mapper, as_vector, at_depth,"

## [3] "attr_getter, auto_browse, compact, compose, cross, cross2,"

## [4] "cross3, cross_d, cross_df, cross_n, detect, detect_index,"

## [5] "discard, every, flatten, flatten_chr, flatten_dbl, flatten_df,"
## [6] "flatten_dfc, flatten_dfr, flatten_int, flatten_1gl,"

## [7] "has_element, head_while, imap, imap_chr, imap_dbl, imap_dfc,"
## [8] "imap_dfr, imap_int, imap_lgl, invoke, invoke_map,"

## [9] "invoke_map_chr, invoke_map_dbl, invoke_map_df, invoke_map_dfc,"
## [10] "invoke_map_dfr, invoke_map_int, invoke_map_1lgl, is_atomic,"

## [11] "is_bare_atomic, is_bare_character, is_bare_double,"

## [12] "is_bare_integer, is_bare_list, is_bare_logical,"

## [13] "is_bare_numeric, is_bare_vector, is_character, is_double,"

## [14] "is_empty, is_formula, is_function, is_integer, is_list,"

## [15] "is_logical, is_null, is_numeric, is_scalar_atomic,"

## [16] "is_scalar_character, is_scalar_double, is_scalar_integer,"

## [17] "is_scalar_list, is_scalar_logical, is_scalar_numeric,"

## [18] "is_scalar_vector, is_vector, iwalk, keep, l1ift, lift_di,"

## [19] "lift dv, lift_1d, lift_ lv, lift_.vd, lift_vl, list_along,"

## [20] "list_merge, list_modify, lmap, lmap_at, lmap_if, map, map2,"
## [21] "map2_chr, map2_dbl, map2_df, map2_dfc, map2_dfr, map2_int,"

## [22] "map2_1lgl, map_at, map_call, map_chr, map_dbl, map_df, map_dfc,"
## [23] "map_dfr, map_if, map_int, map_1lgl, modify, modify_ at,"

## [24] "modify_depth, modify_if, negate, partial, pluck, pmap,"

## [25] "pmap_chr, pmap_dbl, pmap_df, pmap_dfc, pmap_dfr, pmap_int,"

## [26] "pmap_lgl, possibly, prepend, pwalk, quietly, rbernoulli,"

## [27] "rdunif, reduce, reduce2, reduce2 right, reduce_right,"

## [28] "rep_along, rerun, safely, set_names, simplify, simplify all,"
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Apply functions with purrr

CHEAT SHEET

Apply Functions

P
orvector.

fun(m...)
map([ fun, ..) —> fun(m.
fun(m)

map(x, §,.) Applya
ﬁm:uentneath
element of a

Ve mapik & ogiea)

map2(x,
vectors. map2(x, y, sum)

pmap(t,f.
function to
lements ram gt o st
vectors. pmap(istf, 1, 2),
sum, nairm = TRUE)

PAlea

invoke_map(f, x
TP vy
Run each function in alist
Also invoke. < lst{var,
sd;invoke_map(l x=1:9)

tmap(x,.§,..) Apply function to each ist-clement of alist o vector.
imap(x. 1, ) Apply to each element of st or vector and its index.
ouTPUT
anl) mapa) pmap(),  functon _returns
imap an = h
oAUy ma st
Shfheg vrdonto map_chr  charactervector
ur ts abt
specictpeclil L
e data frame (column bind)
data frame (row bind)

Use walk, walk2, and
pwalk to trigger side
effects. Each return its
inputinvisibly.

integer vector
logical vector

triggers side effects, returns
the input invisibly

SHORTCUTS " within a purrr function:

omes
(x) x[["name"]],
map(l,"a’) extracts a
e camentat

x be(omes lun(tloll(x) X,
p(l, ecomes
et Fnctoniy 3%

eStudio

= X .y becomes
functen(x, )
mapz(r 5 et ")

il becomes
function(..1, .2, etc) .1 .2
o 25
becemes pmapliis(a, b
function(a, b,c)c +a- b

Work with Lists

FILTER LISTS

> plucklx, ., defautnuLy)
Select an clement by

arindex g Iuck()v"b“l ems

attribute with attr_ge
Dokl oty gerenm)
eep(x, p, .. Select

clementsthat passa
logical test. keep(,is.na)

discard(x, p, ) Select
elements that do not pass a
logical test.discard(s, is.na)

ity)

. p=identi
elements.

(20 §
F®
e
@’O

> tten(.x) Remove a level
ot o et Al
flatten_chr, flatten_dbl,
dfc, flatter

compactl.x,
Drop emp
compactly

head_while(, p, )
Return head elements
untlone does notpass

AR character)

flatten ndfr,
tten-int, flatten 1gl
flatten(s)

nspose(, .n:
NOLL] Transposes theindex
order in a multi-level list.

Fansposel)

SUMMARISE LISTS

> ruse every(x, p,..) Doall
elements pass a test?
every(x, is.character)
Q > e
Bl

some(x, p, ...) Do some
elements pass a test?
somefs, is.character)

has_element(x, y) Does a
list Contain an element?
has_elementl, "foo")

detect(x, f,.., right=FALSE,
) Find first eiement to pass.
detect(x, is.character)

detect index(u, £ ., right
=FALSE, .p) Find mdexo
first element to

detect indext, hcharacter)

depthl) Return depth
{number of evels o
et vec asint

JOIN (TO) LISTS

D*@*Q e e ena o st
append(x, list(d=1))
[}@ﬂ

By @

prepend(x, values, before =
1) Add to start of st
prepend(x, ist(d = 1))

splice(...) Combine objects
into a list, storing 53 objects
Sib-it. spices 00"

TRANSFORM LISTS

@ @ modify(x, {,..) Apply

function to each element. Also
map, map_chr, map_d

 map_int,

map IEI mnd!M’y ~+2)
modify_at(x, at, f,.) Apply

WORK WITH LISTS

rray_tree(array, margit
o Tur ariayint s
: i %
=
B

‘modify_at(x, "b’

f(x, p, £,..) Apply
to elemenls that
Pt Al

Moty i, 5.numer+2)

modiy_depthix, depth.f..)
Arply linction to eacl
element at a given level of a
list. modify_depth(x, 1, ~+2)

function to elements by name
orinder. Alsomap_a
Also array

array_treef, malgm =3

eross2(x, y, filter = NULL)

All combinations of x
ross, cross3,

cross_df cross2(1:3, 46)

set_names(x, nm =) Set
the names of a vector/list
d.recny or with a function,
set_names(s, (', "q", ")
SeCnamests, tlower)

Reduce Lists
func+(3 B & 8)—func®,8)

funcla, &)

e
funcla, &)
funcle,7)

Modify function behavior

reducet compose() Compose

Apply fu rsively  multiple functions.
0 bach lemen of a lstor
vector. Also reduce_t l) Change the ype
Yedues reduees e o hpura Ent
reduce(s, sum) !akes Aol

li ay ift_tv,

quietly( Modify

negate() Negate a
function to return

predicate function (a

pipe friendly 1) it of results,
output, messages,
partial() Create a warnings.

version of afunction
that has some args

possibly) odify
preset to values.

unction to return

Retoce bt aoritn defatvalue
e ety rerun| safely) Moy func  whenever an error
intermediate e Epressionntimes.  toretum st occurs (insiead of
e resultsanderrors. error)

Inc.« CCBYSA Rtudio- . purrr 023+

Figura 15. Cartdo de referéncia de programagao funcional com purrr.
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Nested Data

el contents
sted data frame stores | Sepal.L | Sepalw ] Petalt |

indidusltales it he
cells of a larger, organizing
table.

n_iris$datal[1]

Use anested data frame to:

+ preserve relationships
between observations and
subsets of data

+ manipulate many sub-tables n_irisSdatal3]
atonce with the purrr functions map(), map2(), or pmap!().

Nested data frames use a list column, a list that is stored as a
column vector of a data frame. A typical workflow for list columns:

List Column Workflow

Make a list Work with simplify
column list columns thelist
B - o
oy e [l o T o TS [T ]

=1 g oLy Tam
——) o bbals0ds S ot i e

i AR S, oo o Mg

n_iris < is %% mod_fun < function(df) b_fun <-function(mod)

group_by(Species) %=% Im(Sepal.Length ~ ., data = df} Coefficients(mod)[[1]]
nest(
! m_iris <- n_iris %>% m_iris %>% transmute(Species,
mutate(model = map(data, mod_fun)) beta=map_dbl(model, b_fun)

1. MAKE A LIST COLUMN - You can create list columns with functions in the tibble and dplyr packages, as well as tidyr's nest()

Use a two step process to create a nested data frar

1.Group the data frame into groups with dnlyr::group by()

2. Use nest() to create a nested data frar
with one row per group.

e mguu_> e
v £5234013

8528815
1

n_iris <-iris %>% group_by(Species) %>% nest()

ticyr:nest(data, ., key = data)
For grouped data, moves groups into cells as data frames.

Unnest a nested data frame = s I
with unnest(): o Goefina P o 3301
o ST

n_iris %=% unnest()

iy nnestlcats, .. op = A, IG=NULL sep-NULL) 28

nnests a nested data frame.

®Studio

Ve 63295618

) tbble:tibble..) dplyr--mutate(dats, . ) Also transmute()
Mak Returns it col when result returns it
tribble(-may, e tibble(max=c(3, 4,5, seq = ist(1:3, 14, 15 micars 6% mutate(seq = map(cy, sea)

3 13 I

FE S

) s dplyr:summarise(data, ..)

tibble-enframe(, name="name’, value="value’)
c

enframe(list(3'=13, '4=1:4, 5'=

5), 'max, 'seq) micars 923 group_by(cyl) %>%

summarise(q = list(quantile(mpg)))

2. WORK WITH LIST COLUMNS - Use the purrr functions map(), map2(), and pmap() to apply a function that returns a result element-wise
to the cells of alist column. walk(), walk2(), and pwalk() work the same way, but return a ide effect.

purrrzmap(x, f,

— —— =
Roply fementarsato xas 1 mop( S () o —
n_irs %% mutate(n = map(data, dim)) prdoad fun{ eatmg, ) it
purrrmap2(x, y, f,..) —— e — x| -]
Apply felement-wise to xand  as f(x, iy (S —- funl e s

m_irs %> mutate(n = map2(data, modiel, list) s e T e a— =3
purrr:pmap(l, f —
Apply f element-wise to vectors saved in | TR ETE

g prap(list( Sooeol SIS &l fy, ...) - fn| meso, o -z
mutate(n - pmaplls(cata, model, data), st) o S B 4

. SIMPLIFY THE LIST COLUMN (into a regular column)

Use the purrr functions map_tgl(),  purrr=map_tgl(x, . .)

map_int(), map-dbl), map_ chr(), Aoy felemert A 2 retuma logical vector
as wella reduce 1. (n= map_lgl(data, ismatrix))
St cotumn mloaregular:olumm

purrr:map_dbl(, |,
Apply f element.wise to x, return a double vector

b transmute(n = map_dbl(data, nrov))
purrr:map_chr(x,
Apply felement-wise to x, return a character vector

purrrmap_int(x, f
Appy felement s 10 retuman ntegervector
>0 transmute(n = map.

Inc. + CCBY 54 Rstudio- . purr 023+

Figura 16. Cartdo de referéncia de programagao funcional com purrr.
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Graficos com ggplot2
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Anatomia do ggplot2

» O ggplot2 é o pacote grafico mais adotado em ciéncia de
dados.

» Sua implementacdo é baseada no The Gammar of Graphics
(WILKINSON et al., 2013).

» A gramatica faz com que a construcdo dos graficos seja por
camadas.

» Cartdo de referéncia: https://github.com/rstudio/cheatsheets/
raw/master/data-visualization-2.1.pdf.

» Um tutorial de ggplot2 apresentado no R Day:
http://rday.leg.ufpr.br/materiais/intro_ggplo2_tomas.pdf.
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Data Visualization with ggplot2

t data points, us

Basics

g8plota s based on the grammar of graphics, the idea
that:

CHEAT SHEET

n to repres
urs a layer

Geoms @

GRAPHICAL PRIMI

e the geom's aesthetic properti

TWO VARIABLES

to represent variables

ggplot2

be =long,

‘and geoms-—visual marks that represent data points.

E Y =a

To isplay values, map variables in the data to visual
color, and

2+ geom blank
B panding )

b geom_curve(aes(yend - lat o
g st A send, yyend.
2ipha,sngle,color,Corvature, Lntype. o

ound

2 geom_path(incend="but’, inco
finctres
%y, alpha, color, group, inetype, size:

2+ geom_polygenfoes(group = group)

andy locations.

ng, ymin=(at, xm
Tt ‘ s s, ymax,
Vet i, caor il Imetype,soe

b geom_ rectaestny
fong 1,

s

3:+gsom ribpontassiymin-unemploy-00,
i max, ymin,

L, Coon . group ety S

LINE SEGMENTS
common aesnetcs: .y, alpha, colo ntype,size

, slope=1))

e<-geplotimpg, aes{cty, huy))

Y S
S Sngie coor Tam;
aneignt e o

f)
o

L e+ geom jitter(height =2, width=2)
o o Thape, Sae

&+geom._paint().x,y,alpha, colo il shape,
Size stroke

santile(), » y, alpha, color, group,
~ Tnelioer e, weight

e+ geom_ruglsides ="b), .y, alpha, color,
fnckyperane

e+ geom_smooth(method = m). .y, alpha,
BT o i pe e g

om_text(es(abel e xs
B e mocriag L HRUEE Sy abel,
slore snee olor o, ontace, i,

AR TS

<k s

i sfyintercept = (30)
— 1 bigeom vllnelaes[xmlevoepl tong))

= .
plot.
Complete the templatebelow to buld  graph.
ggplot (data= CID) + e
stat=<STAT> smun—)' Not
e
Pracer_runcrion- 3 deauts
Sopplied

[<scaLe_Funcrion-}
STHEME FUNCTION:

lot(da! aes(x =cty,y = hwy) Begins a plot
R Yo msh b scding ayers o Add one georn
function per ayer

aplot ,data=mpg geom = point’)
ks comce ot g o o ant
apPings Supples many sl Gefats

last_plot() Returns the last. vlul

sgsave(plot g’ widt he=s) saeslost ot
as5'x5' file named "plot.png™ mwumng directory.
Matches il ype tofileextension.

GStudio

elate1, xend:
[ Rt st

gt

ONE VARIABLE  continuous
< ggplot(mpg,aes(hwy); 2 < ggplotmpg)

A cernel = “gaussia

LS Nl e, b ke, weight

Yo Coon i, Unetype size

c+ geom_dotplot()
%y, alpha, color, il

discrete x , continuous y
< geplot{mpe, aes(class, )

+ geom_col(), x, y, alpha, color, fill, group,
Ll s
£+ geom_boxplot(), x,, lower, middle, upper,
6 sl il oun inétpe:
s
- f+geom_dotplot(binaxis stackdir =
R colo, il roun

ea), x,y, alpha, col

h<-geplot(diamonds, aes(carat, rice])

) e geom_density2l
& x,y,';';.a‘Lmou‘.?gw‘u’p,wwm

e
et

con n
i gaploecnomics,asdate, nemply)

sl IR inepe s

.. i+geom_line()
/" X yralpha, color, group, linetype, size:

‘geom_step(direction = "hv")
b et R oo metyporsize

visualizing error

df< dataf

1< ggplota sesar, ity
+ geom_crossbar(fatien=2)

EEE e i, o, ol il rou, netype,

1 i geom.erorbar() 1 ymax ymin, lpha, ol

it
gt etype, e wiih (b

1

|+ geom tinerany
L e color,group, inetype, size
i+ geom pointrange)

$4 Gyt )

discrete x, discrete y

<+ geom_freapolyl) x,,alpha ol
fnebipe see

om histogram(binvidth=5) ., apha,
AL i A s

geom_qq(aes(sample = hwy)) x, v, alpha,
e e et

g+ geom_count(), ., alpha, color, fl, shape,
size, stroke

‘THREE VARIABLES

st with el sl o + a3 < gl sesor, )
)

!
e

S o ramemurdr e
o UTese) |

i < map st
W aptettat, aesti - murdern)

K geom_map(aesmap 4=t
* - Bl melons.y < oot
S e gt

discrete ) Legeom_contourass(z= seom. resarest 5,405,
< Geplotimp, as(f) @ X, colou, rou Inetpe, i mlevpu\al SE)
-+ geom_bar() s weight s, dlpha, ol
%, color, il i i ile(aes(fill =), x, y, alpha, color, fll,
| sl clo i, ity sz weig {1 geom.telaceil=2). ..o
Inc. + CCBYSA Rstuior . Leonmoreat agpot2 310+

Figura 17. Cartéo de referéncia de gréficos com ggplot2.
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Stats matematvevaytobuidatayer

t, prop).

Scales

coordinate plot

‘count..
Visuslze  sat bymangmg thedefsultsatof s Spen)
function, barst o
mn:lmn stat_count(s "),whl(hu\\sadz{auh

o make o yer equialent 03 geom funcion).
Use .name...syntax to map stat variables to aesthetics.

acsthetic. o change a mapping, add a new scale.
I = ¢.M bar(aes(fil=10))

GENERAL PURPOSE SCALES

ygon')

@ e
Cnsut_dmsnyld[nesml- level),
[ aciabi crenea by s ]

<0mthn(bmwwdm 10)

aunt ncount. dehiy.» ndensiy.
A Bl s
e+ stat_density(acjust =1, kerel =“gaussian’)
o ot ety scaed

evstat

in_2d(ins = 30,drop =)
ot bin 20 p=T)

-count.,..density.

e stat_bin_hex(bins=30)x,y, il count.,..density.
00)

o1t donsly 2a(contour=TRUE,
%y, color,

e+ stat_ellipse(level = 0.95, segments = 51, type = "t")

L stat_contour(acs(z=z])xy, 7, order | level.

L+ stat_summary_hex{aes(z =), bins =30, fun = ma)

‘.“‘mu i ’
stat_summary_2d(aes(z = 2), bins = 30, fun = mean)

T

£+ stat_boxplot(coef=1.5) x,y | lower.,

Pl i S

4 tat ety - gaussan’ e e
=i '! eountte i, it

e +stat_ecdf(n=40) x,y| x.,
e +stat_quantile(qantiles = c«u 5 formula=
o), method ="ra") X,y -quant

4 stat_smooth(method =’y ol y-
fevel-035) %,y -e.. ymin.., yma.

% seT,

ot stat, funct
s
e+ sta identit(na.m = TRUE)

o) +sta aaessample=1 100, dis =gt
et ‘;..qu,i,y\ hinis Theoret

(aes(x=-33),1=99, fun=
&

vl

~width..

scale_*_continuous() - mavmnt'valutsluvvsualun!x
rete) e e v rc

S et e

SR e b R s

mmawrmm‘mal -

ot abels=

fk e

abetina) - ret data s s de times
s ﬁmea;gumemsassca\e) x_date(). See ?strptime for

m/56d), date_breaks="2

X &Y LOCATION SCALES
Lo )
810() - Plot xon log10 scale
TR e
Csart() - Plotxon square root scale

COLOR AND FILL SCALES (DISCRETE)
n<-d+ geom_bar{aes(il= i)

er

il & )
RCol oer!wtv“d\SDIny brewer.all()

al

e scae il gry(sart =02, end =03,
COLOR AND FILL SCALES (CONTINUOUS)

Coordinate Systems

reds grom )

'+ coord_cartesan(xiim (0, 5)

ThegHlant cartesian coordinate system
)

Faceting

Facets divide a plotinto

subplots based on the

discrete variables.

hwy)) + geom

syt
FipB Cartesian coordinarg
fetspontin?
B ceaid

AT A

)
AL Settransand

s
Lol R R
4
e T
S Bt
gt fo e,

el

+facet gridcols = varst
e et

£+ facet_gridirows
:mfﬂa‘mwi (=

+facet_grid(rows

onyear

_point()

ars(year)

oth rows and corumng

SrssstatemR P gutar tayou

Set scales to et axislimits vary across facets
st ridicows = vars(ar),cols = varsf,

xandy s hmws adjust

s limits ad

st to individual acets.

e i st

Position Adjustments

t+ facet._gridcol
Y @

s facet.

= vars(l), labeller =

thatwould otherwise occupy the same space.

5< ggplot(mpg, aes(f,
i' A.f;:g."zmﬁﬁz‘;‘a,ms:‘“ )

w)
T oneshother,
ranse é\gx P
com_point(positior
B maar"mm‘gmx R0 Bostioh of each
e ik overpioing

riée"f;\s'f"a‘“!’%'élﬁ oints 98

TE:

bar(position = stack)
Erenr o o e snother

o< c+geom_ «
o+ scale_fll_distiller(palette = "Blucs’
o p:

o +scale_fil_gradient(low="red", g
4 :

“yellow’)
="blue,

r olors(s)
ii Also mmbuwk), e colors), teraincolors(,

e
e e
i stat_summary_bin(fun y="mean’ geom
e stat_unique()

eStudio

ar)

SHAPE AND SIZE SCALES

- e+ geom_point(aes(
o Puuh shape( + scale_size()
i cale_shape_manual(clues
COALXOVEKHETEBAEOASD 20 A0AY
b sl radistionge - ct.0)
cale.size_area(max_size=6)

Inc. - CCaY SARStudio- .

‘manual width and height arguments.
s+ geom_bar(position = position_dodge(width=1))

Themes

£+ theme bw()
Wh“zg hacrround

Grapeme
{defau heme)

ek

r+ theme_classic()
gl r+ theme_tight

r+ theme_tinedraw()
lI

Learmmoreat

ggplot2

ars{year), cols = vars()

abeller = abel_bauote(aipha * (1))
ot e @ o

Labels

s abel

Newy axi lab

Legends

 themety
Elm RS

osiion,
FEam S iop

o -aght

e (585 sesthetis colorba, egend, or

Hone oleder

Bh
B

Zooming
/. Without clipping (preferred)

2 SR o, 2

0,20))
With clipping (removes unseen data points)
t4xlim(0, 100) + yim{10, 20)
L scale x c

alery. cor

etelgames
(e withascal funcion.

o

“Title',

nlousi

Figura 18. Cartdo de referéncia de gréficos com ggplot2.

agplo2 3.0+
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u <- ls("package:ggplot2")
u %>% str_subset("~geom_")

## [1] "geom_abline" "geom_area" "geom_bar"

## [4] "geom_bin2d" "geom_blank" "geom_boxplot"

## [7] "geom_col" "geom_contour" "geom_count"

## [10] "geom_crossbar" "geom_curve" "geom_density"

## [13] "geom_density2d" "geom_density 2d" "geom_ dotplot"

## [16] "geom_errorbar" "geom_errorbarh" "geom_freqpoly"

## [19] "geom_hex" "geom_histogram" ‘"geom_hline"

## [22] "geom_jitter" "geom_label" "geom_line"

## [25] "geom_linerange" "geom_map" "geom_path"

## [28] "geom_point" "geom_pointrange" "geom_polygon"

## [31] "geom_qq" "geom_qq_line" "geom_quantile"

## [34] "geom_raster" "geom_rect" "geom_ribbon"

## [37] "geom_rug" "geom_segment" "geom_sf"

## [40] "geom_sf_label" "geom_sf_text" "geom_smooth"

## [43] "geom_spoke" "geom_step" "geom_text"

## [46] "geom_tile" "geom_violin" "geom_vline"

u %>% str_subset(""~theme_")

## [1] "theme_bw" "theme_classic" "theme_dark" "theme_get"
## [5] "theme_gray" "theme_grey" "theme_light" "theme_linedraw"
## [9] "theme_minimal" "theme_replace" "theme_set" "theme_test"
## [13] "theme_update" "theme_void"
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[28]

str_subset(""stat_")

"stat_bin"
"stat_binhex"
"stat_contour"
"stat_density2d"
"stat_ellipse"
"stat_qq"
"stat_sf"
"stat_spoke"
"stat_summary2d"
"stat_summary_hex"

"stat_bin2d"
"stat_bin_hex"
"stat_count"
"stat_density_ 2d"
"stat_function"
"stat_gg_line"
"stat_sf_coordinates"
"stat_sum"
"stat_summary_2d"
"stat_unique"

"stat_bin_2d"
"stat_boxplot"
"stat_density"
"stat_ecdf"
"stat_identity"
"stat_quantile"
"stat_smooth"
"stat_summary"
"stat_summary_bin"
"stat_ydensity"

u %>% str_subset("”(scale|coord)_")

##
##
##
##

[1]
[3]
[5]
[7]
[9]
[11]
[13]
[15]
[17]
[19]
[21]
[23]
[25]
[27]
[29]

"coord_cartesian"
"coord_fixed"
"coord_map"
"coord_polar"
"coord_sf"

"coord_equal"
"coord_flip"
"coord_munch"

"coord_quickmap"

"coord_trans"

"scale_alpha"
"scale_alpha_date"
"scale_alpha_discrete"
"scale_alpha_manual"
"scale_color_brewer"
"scale_color_discrete"
"scale_color_gradient"
"scale_color_gradientn"
"scale_color_hue"
"scale_color_manual"

Walmes Zeviani - UFPR

"scale_alpha_continuous"
"scale_alpha_datetime"
"scale_alpha_identity"
"scale_alpha_ordinal"
"scale_color_continuous"
"scale_color_distiller"
"scale_color_gradient2"
"scale_color_grey"
"scale_color_identity"
"scale_color_viridis c"



Manipulacao de strings com stringr
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Anatomia do stringr

» O stringr é uma colecdo de funcdes para operagdes com
strings.

» Ele foi construido sobre o stringi.

» Cartéo de referéncia:
https://github.com/rstudio/cheatsheets/raw/master/strings.pdf.
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1s("package:stringr")

## [1]
## [4]
## [7]
## [10]
## [13]
## [16]
## [19]
## [22]
## [25]
## [28]
## [31]
## [34]
## [37]
## [40]
## [43]
## [46]
## [49]

Walmes Zeviani - UFPR

" "
%>%

"fixed"

"regex"
"str_conv"
"str_dup"
"str_flatten"
"str_interp"
"str_locate_all"
"str_order"
"str_remove_all"
"str_replace_na"
"str_split_fixed"
"str_sub<-"
"str_to_title"
"str_trunc"
"str_which"
"words"

"boundary"
"fruit"
"sentences"
"str_count"
"str_extract"
"str_glue"
"str_length"
"str_match"
"str_pad"
"str_replace"
"str_sort"
"str_squish"
"str_subset"
"str_to_upper"
"str_view"
"str_wrap"

IICO'L'LII
"invert_match"
"str_c"
"str_detect"
"str_extract_all"
"str_glue_data"
"str_locate"
"str_match_all"
"str_remove"
"str_replace_all"
"str_split"
"str_sub"
"str_to_lower"
"str_trim"
"str_view_all"
"word"



String manipulation with stringr

The stringr package provides a set of internally consistent tools for working with character strings,

CHEAT SHEET

. sequences of characters surrounded by quotation marks.

stringr

Detect Matches

str_detect(string, pattern) Detect the
présence of a pattern match in a string.
str_detectfruit, "a”)

str_which(tring, pattern) Find the nderes of
strings that contain a pattern matct
str_which(fruit, "a")

str_count(string, pattern) Count the number
of matches in a sring.
str_count{fruit, "a")

catestring pattern) Locae the
positions of pattern matches in a string. Also
S tocate.al st locate(ut, o)

Subset Strings

L) Extract

str_sublstring, sta 1)
SUbaings e characiesvector
str_subl(fuit, 1,3); str_sublfuit, -2)

str_subset{string, pattern) Return only the
strings that contain a pattern match.
str_subset(fruit, "b")

str_extract(string, pattern) Return the first
pattern match found in each string, as a vector.

r_extract_all to return every pattern
match. str_extract{fruit, “faeiou])

str_match(string, pattern) Return the first
pattern match found in each string, as a
matrxwitha colurn for each ) group n
pattern. Also st

O matchioantances (eTene) (%1

Manage Lengths

str_length(string) The width of strings (i.e.
number of code points, which generally equals
the number of characters). str_length(fruit)

str_padisting, widh, side= [ et "right,
o), pad £+ ) Pad strings to constant
wan el 1)

sr_trunclstring, widthside =c{'ight’, et
"cénter”), ellip: Truncate the width of
strings, vexlacmgwmen(w\lhelhvs\s
str_trunc(fruit, 3]

str_trim(string, side = c("both’, "left","right"))
whitespace from the start and/or end of a
string. str_trimfruit)

£
astng

ssgng
]
AstNG

ssng
asting

eStudio

str_sub() <- value. Replace substrings by
identifying the substrings with str_sub() and
assigningnt he resuls.

str_subflruit, 1, 3) <- "str"

str_replacelstring, pattern, replacement)
Replace the first matched pattern in each

)

string, str_replace(fuit, "a",

str_replace_all(string, pattern,
replacement) Replace all matched patter
in each string. str_replace_all(fruit, "a",

str_to_lower(string, locale ="en"): Convert
strings to lower case.
str_to_lower(sentences)
str_to_upper(string, locale = "en"): Convert
strings to upper case.
str_to_uppersentences)

str_to_title(string, locale = "en"): Convert
strings o title case. str_to._title(sentences)

Join and Split

=
13

o

,sep =" collapse = NULL) Join
multipié strings fnto a single string.
Sr-cletters, LETTERS)

(..., sep="" collapse = NULL) Collapse
avector of strings into a single string.
str_c(letters, collapse =)

str_dup(string, times) Repeat strings times
times. str_dupl(fuit, tmes =2)

split_fixed|string, pattern, n) Splita
vetop of trings into s matri of subsrings
(splitting at occurrences of a pattern match).
Alsoste_spltto retum a tofsubstrings.
str_split_fixed(fruit,”

str_glue..., sep =", .envir = parent.frame())
Créate astring from strings and fexpressions}
to evaluate. str_glue("Pi s {pi}")

sr_glue_datal, .. sep =, envir=
parent frame(), .na = "NA") Use a data frame,
list, orenvlmnmenttocrea(eastrmglmm
strings and {expressions} to evaluate
str_glue_ dam(mtcars, “frownames(mtcars)}
has {hp hp

+ CCBYSA Rtudio .

Order Strings

str_order(x, decreasing = FALSE, na_last =
TRUE, locale = "en’, nurheric = FALSE, ..J! Return
the vector of indexés that sorts a character
vector. x{str_order(x)]

str_sort(x, decreasing = FALSE, na_last = TRUE,
locale = meric = FALSE, )i Sorta

str_sort(x)

Helpers

str_conv(string, encoding) Override the
encoding of a string,str_con(ruit"150-8859-1°)

str_view(string, pattern, match = NA) View
HTML rendering of first regex match in each
string. str_view(fruit, “{aeiou]")
str_view_all(string, pattern, match = NA) View
HTML rendering of all regex matches.

str-view, alfrut, “laciou]

dent

str_wrap(string, width = 80, indent = 0, ex
= 0] Wrap strings into nicely formatted
paragraphs. str_wrap(sentences, 20)

! See bit.1y/1S0639-1 for a complete lst of locales.
120-

Figura 19. Cartdo de referéncia para manipulagao

Walmes Zeviani - UFPR

de strings com stringr.



Need to Know

regular expressions after any special characters
have been parsed.

InR, you write regular expressions s strings,
sequences of characters surrounded by quotes
or single quotes(")

Some characters cannot be represented directly
in an R string . These must be represented as
special characters, sequences of characters that
have a specific meaning., e.g.

SpecislCharacter Represents
W

v 5
n newline
Run 7" to see a complete list

Because of this, whenever | appears in a regular
expression, you must wite tas \ in the sring
that represents the regular expression.

Use writeLines() to see how R views your string
after all special characters have been pars

writeLines("||")
#\

writeLines("|| is a backslash")
#\is a backslash

INTERPRETATION

Patterns in stringr are interpreted as regexs To
change this default, wrap the pattern i one of:

regex(pattern, ignore_case = FALSE, multiline =
FALSE, comments = FALSE, dotall = FALSE, .|
Modifies  regex o ignore cases, match end of
e e el 5 and 6 nge alow . cemmments
within regex’s, and/or to have . match everything,

including \n
str_detect("’ regex("i’, TRUE))
fixed() Matches raw bytes but will miss some

characters that can be represented in multiple
ays fas).sr- et 0130" e )

coll() Matches raw bytes and will use locale
specificollation ules o recognize characters
that can be repr e vays low).
R

boundary() atches boundaries between
characters, line_ breaks, sentences, or words.
St spiisentences, boundary,word)

GStudio

Regu lar Expre55|ons _ :u;u\gu;pr:;«‘?n’; or regerps,areaconciselanguage or [spaced
describing patterns i strings.
s newline
MATCH sec < function(n) str_view_ all('abe ABC 123\t A\ 0in pms f
- stringr
angope g s poinel 9
Wi Gomeanth)  (unichmatches i) space
aete. see"a") abcABC123 (0} tab
\ abcABC 123 1\(()
\ ! abcABC123 17 cgraph
v 2 abcABC 123 () tet
W \ abc ABC 123 IAN( [:pun
\( ( abcABC 123 ! .
\ ) abc ABC 123 o dHRANEREaR
I { abc ABC 123 CERNIILY () <2E@ks
N ) abc ABC 123
\n new line (return) abcABC 123 (il
t tab abc ABC 123
\s any whitespace (\S for non-whitespaces) abc ABC 12:
\d any digit (\D for non-digits) abc ABC 123
™ any word character (\W for non-word chars) abc ABC 123 EEZERBE0ER
word boundaries abc ABC 123
digits abcABC 123 [zalpha:]
fete 123 Glower]  Lupper]
lowercase letters abeABC 123
uppercase letters seel'lupper.)  abcABC 123 abcdef ABCDEF
et and umbers see('[alnum]’)  abcABC123 1 ghijkl GHIJKL
punctuatio abcABC 123 17\
Tetersnambers, and punctuation abc ABC 123 .12} ONSEEn HAGESR
space characters (i |5 abcABC123 17\(1) Stuvwx STUVWX
space and tab (but not new line) see(*[blank]")  abcABC123 A0 g B
- every character excepta new line: see(”) abcABC123 1\
Many base R functions require classes to be wr in setof (], eg. [[:digit:]]
ALTERNATES it < fnction(nd str view i QUANTIFIERS. quant <- function(rx) str_view_ all(".a.aa.aaa", rx)
regop matches regen
| or abede 7 a.2a.aaa
[abe] oneof abcde " a.2a.aaa
[*0] anythingbut abede CHIHD- a.2a.30
(%] range alt("[a-c]' abede LHRK (n) a.aa.3a
in,} a.2a.202
ANCHORS anchor < fnction(e str_view. al("aaa’, ) {n,m} | 222228
gy matches
" start of string aa  GROUPS Vel < Finciion(nd St View. il abbasb; )
i) $ end ofsting, a0
regerp matches example
LOOK AROUNDS ook < functionnd str_vie Loy setsprecedence  alt("(abld)e”) bl
regexp matches example. to refer
R =) followedby | bacag carierina pattern. Refer to each group by ts order of appearance
S notfollowed by a bacad  sing  repexp matches oample
it (=) precededby ~ look{"7=b)s") bacad  (¥pelhsl (omeontis) (vhich matchesthis] (theesults th same asref"obba”)
S><mm (<0):  notprecededby look(’<ib)a")  bacad  \1  \Lfete) first() group,etc 20 abbaab
nc. - CCBY SARstudior . 120-

Figura 20. Cartéo de referéncia para manipulagao de strings com stringr.
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Manipulacao de fatores com forcats
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Anatomia do forcats

» O forcats é uma colecdo de funcdes para operacoes com
fatores.

» Permite renomear, reordenar, aglutinar nivets, etc.

» Cartao de referéncia:
https://github.com/rstudio/cheatsheets/raw/master/factors.pdf.

1s("package:forcats") 1
#H [1] "%>%" "as_factor" "fct_anon"

## [4] "fct_c" "fct_collapse" "fct_count"

## [7] "fct_drop" "fct_expand" "fct_explicit_na"
## [10] "fct_infreq" "fct_inorder" "fct_lump"

## [13] "fct_other" "fct_recode" "fct_relabel"

## [16] "fct_relevel" "fct_reorder" "fct_reorder2"
## [19] "fct_rev" "fct_shift" "fct_shuffle"

## [22] "fct_unify" "fct_unique" "gss_cat"

## [25] "last2" "lvls_expand" "lvls_reorder"

## [28] "lvls_revalue" "lvls_union"
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https://github.com/rstudio/cheatsheets/raw/master/factors.pdf

Factors with forcats

CHEAT SHEET

The forcats package provides tools for working with factors, which are R's data structure for categorical data.

Factors stored displayed
Rrepresents categorical e, L1 1
data with factors. Afactor i ——3 27

is an integer vector with a

levels attribute that stores  |oyels — ]

aset of mappings between
integers and categorical values. When you view a factor, R
displays not the integers, but the values associated with them.
Create a factor with factor()
factor(x = character(), levels,
labels = levels, exclude = NA, ordered

=is.ordered(x}, nmax vert
avectorto a factor. Also as_factor.
F factorfe("a’, ic7

levels = ("

Return its levels with levels()

levels(x) Return/set the levels of a
factor. levels(f); levels(f) <- c("x")"y","2")

Use unclass() to see its structure

fet_count(f, sort = FALSE)
Count the number of values
with each level. fct_count(f)

fet_unique(f) Return the.
uniquevalues, removing
duplicates. fct_unique(f]

<l )combme factors.
i dieron v
e rncm(:("a )
actor(c("", "a"))
iy

fet_unify(fs, levels =
Ivls_union(fs)) Standardize
levels across a list of factors.
Tet_unify(list(f2, 1)

Change the order of levels

fet_relevel(f c("b, "c’,

infreq(f, ordered = NA)
Reorder levels by lhe frequency
inwhich they appea

data (highest lrequen:y first).

£3 < factor(c("c", "c", "
fet_infreq(f3)

fet_inorder(f, ordered = NA)
Reorder levels by order in
which they appear in the data.
fet_inorder(f2)

fet_rev(f) Reverse level order.
f4 < factor(c("a","b","c"))
fet_rev(f4)

o]

fet_shift() Shiftlevels to left
or fight, wrapping around end.
fet_shiff4)

o[

fet_shuffle(f, n = 1L) Randomly
permute order of factor levels.
fet_shuffle(f4)

fet_raorder(,x fun=meclar,
desc

their relationship ith another
variable.

fet_reorder2(f, x, y, fun=
(05D oy desc ZTRUE] Reorder
levels by therinalvalues when
plotted with two other variables.
ggplot(data = ris,

Ges(Sepal Width, Sepal.Length,
color=fet_reorder2(Species,
Sepal Width, Sepal.Length))) +

geom_smooth()

SE) Reorder levels by

boxplot(data = iris, Sepal.Width ~
Tt reorder(Species, Sepal Width))

Change the value of levels

fet_recode(,..) Manually change
levels. Also fet_relabel which obeys
purrsmap synta to 3pplya functon
orexpresion o eac leve
fet_recodeff v=

fet_relabel(f - pusreﬂ{"x %

e

fct_anon(f, prefix=""))
mize levels with random
integers. fct_anon(f)

NweN

fet_coll -psq ) Collapse levels
into manually defined groups.
fet_ collapxe(lx o)

fet_tump(f,
otfier_level = eih
P il average, st Host
- andom”, "max")) Lut ptugether
- leastimost common evels ino:
single level. A
eccumplin=1)

nypropw=NULL
Other

fct_other(, keep, drop, other_level =
"Other") Replace levels with "other."
fet_other(t keep=c("a’, "b"))

B

Add or drop levels

fet_dropl(f, only) Drop unused levels.
fs =ttt i) ')
f6 < fet_drop(fs)

fet_expand(f,
afactor. fct_expand(fe, "x")

fct_explicit_na(f, na_level="(Missing)")
Asdgnsalevel toNAS o ensurethey
appear in plots,

fet_explicit_f na((acmr{:("a" “b', NA)))

Figura 21. Cartdo de referéncia para manipulagao
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Dados cronoldgicos com lubridate e hms
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Anatomia dos pacotes

> Recursos para manipulacao de dados date-time.

» Facil decomposicao de datas: dia, més, semana, dia da
semana, etc.

> Lida com fusos horarios, hordrios de verao, etc.

» Extende para outras classes de dados baseados em date-time:
duragdo, periodo, intervalos.

» Cartdo de referéncia:
https://rawgit.com/rstudio/cheatsheets/master/lubridate.pdf.

» Nao é carregado junto com o tidyverse.
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https://rawgit.com/rstudio/cheatsheets/master/lubridate.pdf

library(lubridate)

1s("package:lubridate") %>% str_c(collapse = ", ") %>% strwrap()

## [1] "%--%, add_with_rollback, am, Arith, as_date, as_datetime,"

## [2] "as.difftime, as.duration, as.interval, as.period, ceiling_date,
## [3] "Compare, date, date<-, date_decimal, day, day<-, days,"

## [4] "days_in_month, ddays, decimal_date, dhours, dmicroseconds,"

## [5] "dmilliseconds, dminutes, dmy, dmy_h, dmy_hm, dmy_hms,"

## [6] "dnanoseconds, dpicoseconds, dseconds, dst, duration, dweeks,"
## [7] "dyears, dym, edays, ehours, emicroseconds, emilliseconds,"

## [8] "eminutes, enanoseconds, epicoseconds, epiweek, epiyear,"

## [9] "eseconds, eweeks, eyears, fast_strptime, fit_to_timeline,"

## [10] "floor_date, force_tz, force_tzs, guess_formats, here, hm, hms,"

##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##
##

[11] "hour, hour<-, hours, int_aligns, int_diff, int_end, int_end<-,"
[12] "intersect, interval, int_flip, int_length, int_overlaps,"

[13] "int_shift, int_standardize, int_start, int_start<-, is.Date,"
[14] "is.difftime, is.duration, is.instant, is.interval, isoweek,"
[15] "isoyear, is.period, is.POSIXct, is.POSIXlt, is.POSIXt,"

[16] "is.timepoint, is.timespan, lakers, leap_year, local_time, %m-%,'
[17] "%m+%, make_date, make_datetime, make_difftime, mday, mday<-,"
[18] "mdy, mdy_h, mdy_hm, mdy_hms, microseconds, milliseconds,"

[19] "minute, minute<-, minutes, month, month<-, ms, myd,"

[20] "nanoseconds, new_difftime, new_duration, new_interval,"

[21] "new_period, now, olson_time_zones, origin, parse_date time,"
[22] "parse_date_time2, period, period_to_seconds, picoseconds, pm,"
[23] "pretty_dates, qgday, qday<-, quarter, reclass_date,"

[24] "reclass_timespan, rollback, round_date, second, second<-,"

[25] "seconds, seconds_to_period, semester, setdiff, show, stamp,"
[26] "stamp_date, stamp_time, time_length, today, tz, tz<-, union,"
[27] "wday, wday<-, week, week<-, weeks, %within%, with_tz, yday,"
[28] "yday<-, ydm, ydm_h, ydm_hm, ydm_hms, year, year<-, years, ymd,"
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Dates and times with lubridate

CHEAT SHEET

lubridate

Date-times 2017-11-28 12:00:00

2017-11-28

12:00:00

stored "
ﬂ—._l.—.—H 1970.01-0100:00:00 UTC

dt < as_datetime{1511870400)

2017-11-28 12:00:00
## "2017-11-28 12:00:00 UTC

the
19700101

o< as date(17458)
#2017.11

since the number of seconds since
00:00:00

t< hms:.as. hms(s5)
##00:01:25

PARSE DATE-TIMES (Convert strings or numbers to date-times)

. Identtytheorder of theycar ) month m), ey (0, hour (),
‘minute (m) and second (s) elements in your data.

GET AND SET COMPONENTS

Use an accessor function to get a component.
Assign into an accessor function to change a

2 Each
accepts a wide variety of input formats.

o 2 ymd_hms() ymd_m(), ymd_h(.
2017-24-2% ymd_hms(*3017-11-28T14.02:60")
2017-22-12 ydm_tms(), ydm_hm(), ydm_h(.
Jelm hms("3017-22-12 10:00:00°)
11/25/2017 mdy_hms), mdy_hm(), mdy_h.
Ty (11282017 102:057)
1 o dmy_hms),dmy_hm), dmy_h.
Jan 2017 Gy ms(* Jan 017 355555
20170131 ymd(),ydm). ymd(20170131)
Suly 44k, 2000 may(), myd(). mdy“July 4th, 2000°)
4005 of July 99 dmy(), dym). dmy4th of July 59°)
2001 03 yab Qor quarter. ya*2001: 03')
201 hms:hms() Also ubridate:hms(),
him() and ms{) which return
periods: hmshmsisec =0, min=1,
Bours=2)

date_decimal(decimal, tz="UTC")
date_decimal(2017.5)

Towttaone=) curantimein &

(defaults to system ta). now()
fast_strptime() Faster strptime.

fast_strptime('9/1/01; %y/%m/%d)

% today(tzone ="") Current datein a
parse_date_time() Easier strptime.

tz (defaults to system tz). today()
parse_date_time("9/1/01", "ymd")
e Studio

11:59:
HEFE-01-31 11:59:

2018-f1-31 11:59

2018-01-B 11:59:

2018-01-31 FH1:59:
2018-01-31 11:68:

2018-01-31 11:59:8

d 20171128
dayld) ## 28

dayld) <
d 20171101

59 date(s) Date component. dote(dt)

59 peart vearyorte)
fie 150 8601 year.
epvyea'(x] Epidemiological year.

.59 monthix label, abbr) Month.
month(d)

9 day( Day of month. doy/dt)
waay(label abbr) Day of week.
aday(x)Day of quarter

%% hour( Hour. hour(dt

59

‘minute(x) Minuts )

Round Date-times

floor_dately, unit = "second
Round down to nearest unit.
floor_date(dt,

round_date(x, unit = "second”
Roundto nearest unit.

round_dote(dt,

up i
ceiling_date(ct, unit = “month’)
rolback(dates ol to frc=
FALSE, pres
Follbatk t ast day ofprevious
month. rollback(de)

Stamp Date-times

fancton hatul appy e femplate o dateimes Aso
date() and stamp_time(.

1. Derive atemplate, ratea functon STED
sf=stomp("Created Sundoy, Jan 17, 1999 3347) [HEH
ply the template to dates iy 2
sflymd("2010-64-05)
## (1] "Created Monday, Apr 05, 2010 00:00"

second|(x) Seconds. second(dt)

week(x) Week of the year. week(dt)
isoweek() IS0 8601 week.

Time Zones

§ , Daylight
Savings Time, and historical calendar variations for an area. R assigns

epiweek()

quarter(x, with._year = FALSE)
Quart ld)

Use the UTC time zone to avoid Daylight Savings.

semester(x, with_year = FALSE)
Semester. semesterdt)

am(x)Is tin the am? am(dt)
pmix s it in the pm? pm(dt)

dst(x) I it daylight savings? dst(d)
lesp-yearts s sp year
leap year

update(object, ., simpl
update{dt, mday = 2, hour

ALSE)
)

a OlsonNames()

5:00  6:00
Mountain  Central 5,

7:00  yith_ta(time, tzone = ") Get

EsStern. thosame datetime nanow

time zone (a new clock time).

with_tz(dt, “US/Pacific’)

force_ta{time, tzone
7:00 7:00  the same clock timein a new
Eastern time zone (a new date-time).
.00 force_tz(dt, "US/Pacific’)
Mountain  Central

abricate 160 +

« cCoYSARStucio- .

Figura 22. Cartdo de referéncia para manipulagéo de
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Math with Date- t|mes ~ Lubridate casses

d date-times

Not all years

EEERCESS B i physicaltime, i ] i prsceil lubridate
me timeline behaves during: i times. due to leap days.
Anormal day nor + minutes(90) nor + dminutes(90) interval(nor; nor + minutes(90)) Notall minutes
nor <- ymd_hms(*2018-01-01 01:30:00'tz="US/Easters seconds due to
leap seconds.
it
P T e m [ T FL R TR oo o matirary &
forward) i jap + dminutes(90) interval(gap, gap + minutes(90) jon31 < md{20180131/
dop= ym hms 2618511013000 U e 0 o 0 _,Bl o) Jonst s mon
| A
> - 117
100 0 0 a0 190 200 300 w0 100 200 100 200 300 w0 and %om-% imagin:
dates o the ast dy o theprevious
i op + dminutes(o0) interv +min
Iop < yma_hms{"2016-11-04 0030:00"4z="US/Eostern’) 2 g 2 & G ) mg, simes montsty
—_— ? #2018
— add_with mllb-(k(el e2,roll_to frst=
P T o m w T e o T ok TRUET wilrll imagiary dtes o e
Leap years and leap seconds leap +years(1) leap+ dyears(1) interval(feap, leap +years(1)) first day of the
leap < ymd(*2019.03.01") o add_with_ raunackuansz months(1),
roll_to_f
a0t 020 ‘2021 2008: ? ﬂY
PERIODS DURATIONS INTERVALS
or subr: Add ) by a duration divide
fimes, ke the MVSEapemngheu Durat s aninterval in clock time.
Difftimes are a class of durations found in base R.
the name of i aperiodp e i 0,05
< months(3) + days(12) ars(x= 1) xyears. dd < ddays(14) 01", d)  ##2017.01-01 UTC-2017-11-28 UTC
b 0 dorsiz) ’.'..‘.,..mw’x rrymmhs g cdossa) j= d%--%ymd(")ﬂnu Bt 4 20171128 UTC-20171231 UTC
3 124 0101105 weaksix=1)x 112096005 (2 weeks) a%within% b Does interval or date-time a fall
Number dayslx=1) ""ﬂys Exact | Equivalent | thin nterval 57 mow( sowithind
of months hours{x=1) x hours. length ‘common| dminutes(x = 1) 60x seconds.
Seconds, dse:onds(x 1)x seconds. int_start{int) Access/set the start date-time of
iseconds(x= 1) x * 10° seconds. -\ anintervl Ao nt_end(.intstart) < row)
icroseondas )« ioseconcs Stx= 1) 0 »
int_aligns(int1, int2) Do two intervals share a
::':a“unn ) K‘w:‘:;‘::;“ dpicoseconds(x= 1) x * 102 seconds. boundary? Also int_overlaps(). int_aligns(i,j)
periodinum=NULL, 0 one duraton(oum - NULL s~ “socond’, M int diffimos Make theinteralstht ocur
u s nfiendly duration ween the date-times in a vector.
Anauotion l;:ndl;pevmd Consricio oo duratonts e years') Vel dt 100,at » 000} n i)
as.duration(,... Coercea timespan o [ I
as.period(x, unit) Coerce a timespan to a duration. Also is.duration(), is.difftime(). interval. Also int_standardize(). int_ Nrp[r)
period, optionally in the specified units. as.duration()
Riors.pariody. s perod) ke ifimet ke diime i e ] i engthin) Lengthinseconds. it ength)
_to_ se(onds[x] Convert a period to specified number of units.
andard" number ofsaconds mplied g ok I int_shifin, by) Shisanintervalup o dow
by thepariod, Ao secondis o, periads X thetimeline by a timespan.int shit(, doys(-1))
riod.to_seconds
per ) as.interval(x,start, . ) Coerce a timespans to
rvalwith the start date-time. Also
Studio tervald. o5 intervalldayst), stort=now()
Inc. + CCBYSARtucior . " ridte 160+

Figura 23. Cartao de referéncia para manipulagao de *date-time* com lubridate
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Encadeando com operadores do magrittr
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Anatomia

» O operador permite expressar de forma mais direta as
operagoes.
» E uma ideia inspirada no Shell.
> A légica é bem simples:
> x %>% f é 0o mesmo que f(x).

> x %% f(y) é o mesmo que f(x, y).
> X %% f %>% g %% h é 0o mesmo que h(g(f(x))).
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Anatomia do magrittr

library(magrittr) 1
2

# Operadores "pipe". 3

1s("package:magrittr") %>% 4
str_subset("%") 5

# (1] "w<>%" "e>%" %% "ST>%"

# Outras funcbes/objetos. 1

1s("package:magrittr") %>% 2
str_subset(""["%]*$") 3

## [1] "add" "and"

## [3] "debug_fseq" "debug_pipe"

## [5] "divide_by" "divide_by_int"

## [7] "equals" "extract"

## [9] "extract2" "freduce"

## [11] "functions" "inset"

## [13] "inset2" "is_greater_than"

## [15] "is_in" "is_less_than"

## [17] "is_weakly_greater_than" "is_weakly_less_than"

## [19] "mod" "multiply_by"

## [21] "multiply_by matrix" "n'est pas"

## [23] "not" "or"

## [25] "raise_to_power" "set_colnames"

## [27] "set_names" "set_rownames"

## [29] "subtract" "undebug_fseq"

Walmes Zeviani - UFPR



Exemplos do uso do pipe (1)

X <- precip 1
mean(sqrt(x - min(x))) 2

## [1] 5.020078

X <- X = min(x) 4
X <- sqrt(x) 2
mean (Xx) 3

## [1] 5.020078

precip %>%
-t (min(.)) %>% # o mesmo que subtract(min(.))
sqrt() %>%
mean()

B W N =

## [1] 5.020078
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Exemplos de uso do pipe (2)

X <- precip 1
X <- sqrt(x) 2
X <- x[x > 5] 3
X <- mean(x) 4
X 5
## [1] 6.364094
precip %>% 1
sqrt() %>% 2
.[is_greater_than(., 5)] %>% # o mesmo que .['>"(., 5)] 3
mean() 4

## [1] 6.364094
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Maos a obra!
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Instalar o tidyverse

# Do CRAN.
install.packages("tidyverse")

# Do GitHub.
# install.packages("devtools")
devtools::install_github("hadley/tidyverse")

# Atualizar caso ja tenha instalado.
tidyverse_update()

© O NOU A WN =

Walmes Zeviani - UFPR



O que vem agora?

v

Uma visdo aprofundada de cada pacote do tidyverse.
Exemplos didéticos sequidos de desafios praticos.
Happy coding.

Yo V.
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