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Dulezité odkazy

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

RStudio - https://www.rstudio.com/products/RStudio/

Quick R - http://www.statmethods.net/

Stack Overflow - http://stackoverflow.com/

R-bloggers - https://www.r-bloggers.com/

contact@petrmarek.eu
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RStudio

e RStudio !=R

o Dle https://www.rstudio.com/products/RStudio:

e RStudio is an integrated development environment (IDE) for R. It
includes a console, syntax-highlighting editor that supports direct
code execution, as well as tools for plotting, history, debugging and
workspace management.

e RStudio is available in open source and commercial editions and
runs on the desktop (Windows, Mac, and Linux).
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Kalkulacka

>1+ 2

[1] 3

>3 72

[1] 9

>5%*5

[1] 25

> sqrt(2)

[1] 1.41

>2 A (1/2)

[1] 1.41
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Kalkulacka

2. Zaklady

scitani

odecitani

nasobeni

déleni

mocnéni

%%

celociselné déleni

%%

modulo
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Napovéda

e Komplexni napovéda pomoci |2 , popf. help()

> ?sqrt
> help(sqrt)

e Zadani nazvu funkce vypise jeji kéd

> sqrt

function (x) .Primitive("sqrt")
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Volani funkci

> seq(1, 5)

[1] 1 2 3 45

> seq(from = 1, to = 5)

[1] 1 2 3 45

> seq(1, to = 5)

[1] 1 23 4 5

2. Zaklady
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Zakladni matematické funkce

2. Zaklady

abs absolutni hodnota
sqrt druha odmocnina

log pfFirozeny logaritmus
1og10 dekadicky logaritmus
exp exponencialni funkce

cos , sin, tan

trigonometrické funkce
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Zaklady

Ukol

Zobrazte napovédu k funkci sun

Spocitejte v/3

Spocitejte 3°

Spocitejte V/3

Spocitejte zbytek po celociselném déleni 743 cislem 3
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Proménné

> X =

>Xx + 5

[1] 10

[1] 5

>X=X+5
> X

[1] 10

> (y =3)

[1] 3
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Proménné

Alternativni zapis

> x <- "Tento zapis nebudeme pouzivat"
> "Tento také ne" -> x
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Proménné
Ukol

e Vyrobte proménnou x s hodnotou /3

v
Vi1

o Vyrobte proménnou y s hodnotou

e Vyrobte proménnou : s logickou hodnotou TrUE pokud je x vétsi
nezZ y a rFALSE pokud je mensSi nebo rovna
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Logické operatory

>1<2

[1] TRUE

>1>2

[1] FALSE

> 1 == 2 # jsou stejné?

[1] FALSE

> 1 !=2 # jsou jiné?

[1] TRUE
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Logické operatory

Negace

> ITRUE

[1] FALSE

> !FALSE

[1] TRUE

> 1(1 == 2)

[1] TRUE

> 11

[1] FALSE
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Logické operatory

Kombinace podminek - a

>(1<2)&((3<4)

[1] TRUE

> (1<1)&(3<4)

[1] FALSE

> (1<1) & (3 <4) & FALSE

[1] FALSE
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Logické operatory

Kombinace podminek - nebo

>(1<2)] (3<4)

[1] TRUE

>(1<1) ] (3<4)

[1] TRUE

>(1<1) ] (3<3)

[1] FALSE
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Logické operatory

Kombinace podminek - mix

> (5>4) & (3<2)

[1] FALSE

>(1<2) | ((5>4)8&(3<2)

[1] TRUE

> IITITRUE

[1] TRUE
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Logické operatory

Ukol

e Jakou hodnotu nabyvaji nasledujici vyrazy?

>

\

v

\'

TRUE & FALSE
TRUE | FALSE
(5>4) ] (3
(5>4) & ((3
(5>4) ] (3

(5 >4) & ((3

A

A

A

A

3) | (1
3) | (1
3) & (1

3) & (1

>= 2))

>= 2))

>= 2))

>= 2))
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Funkce str

e Funkce [str(), viz. [?str].

> str(1)

num 1

> str('a')

chr "a

> str(TRUE)

logi TRUE
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Elementarni druhy dat 1/2

> 1 # num / numeric

[1] 1

> "ahoj" # chr / character

[1] "ahoj"

> 'ahoj' # chr / character

[1] "ahoj"

> NULL # NULL

NULL
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Elementarni druhy dat 2/2

> TRUE # logi / logical

[1] TRUE

> FALSE # logi / logical

[1] FALSE

> NA # logi / logical

[1] NA

> 3+21 # cplx / complex

[1] 3+21

> NaN # num / numeric

[1] NaN
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3. Datové struktury
Vektor
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Vektor

Konstrukce 1/2

> 10

[1] 10

>c(1, 3, 5, 7)

[1] 1 3 5 7

> c(10, c(1, 3, 5, 7))

[1] 16 1 3 5 7

> rep(1, 5)

[1] 11111
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Vektor

Konstrukce 2/2

> seq(0, 5, by = 0.5)

[1] 0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

> seq(0, 100, length.out = 0.5)

[1] o

> 1:10

[1] 1 2 3 4 5 6 7 8 9 10

> 5:3

[1] 5 4 3

3. Datové struktury / Vektor
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Vektor

Datové typy 1/2

> c(1, 2, 3)

[1] 1 2 3

> C(IA‘, IB', -Cu)

[1] "A" "B" "C"

> c(TRUE, FALSE, TRUE)

[1] TRUE FALSE TRUE
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Vektor

Datové typy 2/2

> c(1, 'B', TRUE)

[1] "1" "B" "TRUE"
> c(5, TRUE, FALSE)
[1] 510
> c('D', TRUE, FALSE)
[1] "D" "TRUE" "FALSE"

3. Datové struktury / Vektor

29/ 160



Vektor

Zakladni operace - mutace

> 1:5>2

[1] FALSE FALSE TRUE TRUE TRUE

>c(1, 2, 3) +3

[1] 4 5 6

> c(1, 2, 3) + c(1, 2, 3)

[1] 2 4 6

>c(1, 2, 3) *3
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Vektor

Ukol

Vypiste uplynulé roky 21. stoleti

Vyrobte nasledujici proménné:
e x obsahujici deset Cisel mezi 1 a 2
y rovnu druhé odmocniné ze dvou
z obsahujici patnact nul (funkce rep)
total jez bude obsahovat hodnoty x, y a z

Zjistéte pocet prvkl proménné total (funkce length), spocitejte
primérnou hodnotu (funkce mean) a souéet (funkce sun)

Vyrobte proménnou halves, ktera obsahuje hodnoty odpovidajici
polovinam hodnot proménné total
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Vektor

Zakladni operace - pristup k prvkim 1/4

> x = 5:10
> x

[1] 5 6 9 10
> x[1]

[1] 5
> x[c(1, 3)]

[1] 5 7
> x[-1]

[1] 6 7 10

3. Datové struktury / Vektor
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Vektor

Zakladni operace - pristup k prvkiim 2/4

> x = 5:10
> x[c(FALSE, FALSE, FALSE, TRUE, TRUE, TRUE)]

[1] 8 9 10

> X >7

[1] FALSE FALSE FALSE TRUE TRUE TRUE

> x[x > 7]

[1] 8 9 10

3. Datové struktury / Vektor
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Vektor

Zakladni operace - pristup k prvkiim 3/4

> x = 5:10
> x.halves = x / 2
> x.halves

[1] 2.5 3.0 3.5 4.0 4.5 5.0

> x.1s.even = (x %% 2 == 0)
> x.1s.even

‘ [1] FALSE TRUE FALSE TRUE FALSE TRUE

> even.from.x = x[x.is.even]
> even.from.x

[1] 6 8 10
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Vektor

Zakladni operace - pristup k prvkiim 3/4
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Vektor

Popis

> x = 5:10
> length(x)

[1] 6

> mean(x)

[1] 7.5

> median(x)

[1] 7.5

> summary(x)

Min. 1st Qu. Median Mean 3rd Qu. Max.
5.00 6.25 7.50 7.50 8.75 10.00
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Vektor

Ukol

e Vyrobte vektor numbers obsahujici ¢isla od 1 do 100

o Vypiste nasledujici

hodnoty z nunbers vétsi nez 50

licha cisla z numbers

pramérnou hodnotu lichych ¢isel z numbers

pocet cCisel vétsich nez 34 a mensich nez 66 z numbers
soucet cisel vétsich nez 90 nebo mensich nez 10 z numbers

o Zménte dvé prostifedni hodnoty z numbers na 0
a spoctéte prameér z numbers
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Matice
Konstrukce 1/2

> X = matrix(1:6, ncol = 3, nrow =
> X

2)

[,1] [,2] [,3]

1 3 5
2 4 6
> str(x)

int [1:2, 1:3] 1 2 3 4 5 6

> dim(x)

[1] 2 3

> c(nrow(x), ncol(x))

[1] 2 3

3. Datové struktury / Matice
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Matice
Konstrukce 2/2

e column bind

> cbind(c(1, 2, 3), c(1, 2, 3))

[,1] [.,2]
1 1
2 2
3 3
e row bind

> rbind(c(1, 2, 3), c(1, 2, 3))

(.11 [,2] [,3]
1 2 3
1 2 3
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Matice
Pristup k prvkiim 1/2

> x = rbind(c(1, 2, 3), c(1, 2, 3))

> X
[,11 [,2]1 [,3]
1 2 3
1 2 3
> x[1,1]
[1] 1
> x[2,]
[1] 12 3
> x[,1]
[1] 1 1

3. Datové struktury / Matice
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Matice

Pristup k prvkiim 2/2
> x = rbind(c(1, 2, 3), c(1, 2, 3))
> X
[,11 [,2] [,3]
1 2 3
1 2 3
> X['l:]
[1]1 1 2 3
> x[1, 1] =0

> X

[,11 [,21 [,3]
0 2 3
1 2 3
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Matice

Mutace

> x = rbind(c(1, 2, 3), c(1, 2, 3))

> X *3
[,11 [,2] [,3]
3 6 9
3 6 9
> X %*% t(x)
[,11 [,2]
14 14
14 14

3. Datové struktury / Matice
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Matice

Funkce

dim

rozméry matice

nrow

pocet Fadkl matice

ncol

pocet sloupci matice

%*%

maticové nasobeni

transpozice matice

det

determinant matice

eigen

vlastni Cisla a vlastni vektory matice

diag

extrakce diagonaly matice

3. Datové struktury / Matice
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Matice
Apply 1/2

Funkce apply umozZiiuje pracovat podle Fadkt (1) nebo sloupcti (2)
> x = rbind(c(1, 2, 3), c(1, 2, 3))
> X

[,1] [,2] [,3]
1 2 3
1 2 3
> apply(x, 1, sum) # sum pro kazdy radek
[1] 6 6
> apply(x, 2, sum) # sum pro kazdy sloupec

[1] 2 4 6
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Matice
Apply 2/2

>

x = rbind(c(1, 2, 3), c(1, 2, 3))

> X

[,11 [,21 [,3]
1 2 3
1 2 3

>

>

sums = apply(x, 2, sum)

>

sums # Soucty sloupcl
[1]1 2 4 6
x[, sums > 3] # Sloupce se souctem vétsSim nez 3
[,1] [,2]
2 3
2 3

3. Datové struktury / Matice
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List

Motivace

Vektory jsou atomické

Prvky vektoru musi byt stejného typu

o Listy umoznuji slozitéjsi datovou strukturu
e Listy jsou ¢asto navratovou hodnotou funkci
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List
Konstrukce

> our.list = list("name" = c("Paul", "John", "Joe"),

+ "age" = c(15, 40, 30),
+ "weight" = c(60, 90, 80),
+ "single" = c(FALSE, TRUE, TRUE))
> our.list
$name

[1] "Paul" "John" "Joe"

Sage
[1] 15 40 30

Sweight
[1] 60 90 80

$single
[1] FALSE TRUE TRUE
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List

Struktura

> str(our.list)

List of 4
$ name
$ age
$ weight:
$ single:

> str(our.list['

List of 1

chr [1:3] "Paul" "John" "Joe"
num [1:3] 15 40 30

num [1:3] 60 90 80

logi [1:3] FALSE TRUE TRUE

age'])

$ age: num [1:3] 15 40 30

> str(our.list[['age']])

num [1:3] 15 40 30

3. Datové struktury / List
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List

Pristup k hodnotam 1/2

> our.listSname # vektor

[1] "Paul" "John" "Joe"

our.list['name'] # list

$name
[1] "Paul" "John" "Joe"

our.list[['name']] # vektor

[1] "Paul" "John" "Joe"

3. Datové struktury / List
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List

Pristup k hodnotam 2/2

> our.list[1] # list

$name
[1] "Paul" "John" "Joe"

> our.list[[1]] # vektor

[1] "Paul" "John" "Joe"

> our.list[c(1, 2)] # list

$Sname
[1] "Paul" "John" "Joe"

Sage
[1] 15 40 30
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List

Lapply

Funkce 1apply je obdobou maticového apply pro list
> lapply(our.list, length)

Sname
[1] 3

Sage
[1] 3

Sweight
[1] 3

$single
[1] 3
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List
Jako navratova hodnota 1/2
> gaussian.random = rnorm(20)

> head(gaussian.random, 7)

[1] -0.626 ©0.184 -0.836 1.595 0.330 -0.820 0.487

> result = boxplot(gaussian.random)

P——
:
:
— '
o -
:
- _] '
! '
:
~ :
(. -
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List

Jako navratova hodnota 2/2

> str(result)

List of 6
$ stats: num [1:5, 1] -2.215 -0.463 0.36 0.78 1.595
$n : num 20
$ conf : num [1:2, 1] -0.0795 0.7989
$ out : num(0)
$ group: num(0)
$ names: chr "1"
> results$n
[1] 20
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Data frame

Motivace

Struktura odpovidajici databazové tabulce

Sloupecky raznych typu - Fetézce, Cisla atd.

Sloupce = proménné

e Radky = zdznamy/pozorovani
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Data frame

Konstrukce

> our.data.frame = data.frame(
+  "npame" = c("Paul", "John", "Joe"),
+ "age" = c(15, 40, 30),

+ "weight" = c(60, 90, 80),

+ "single" = c(FALSE, TRUE, TRUE),
+ stringsAsFactors = FALSE

+)

> our.data.frame

name age weight single

Paul 15 60 FALSE
John 40 90 TRUE
Joe 30 80 TRUE
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Data frame
Struktura

> str(our.data.frame)

'data.frame':”~*I3 obs. of 4 variables:

$ name : chr "Paul" "John" "Joe"
$ age : num 15 40 30

$ weight: num 60 90 80

$ single: logi FALSE TRUE TRUE

> dim(our.data.frame)
[1] 3 4
> c(nrow(our.data.frame), ncol(our.data.frame))

[1] 3 4

3. Datové struktury / Data frame
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Data frame

Pristup k hodnotam
> our.data.frame$age

[1] 15 40 30

> our.data.frame[, 'age']

[1] 15 40 30

> our.data.frame[2, ]

name age weight single
John 40 90 TRUE

> our.data.frame[, 2]

[1] 15 40 30

> our.data.frame[2, 2]

[1] 40
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Data frame

Mazani sloupce

> our.data.frame$Sage = NULL
> our.data.frame

name weight single

Paul 60 FALSE
Joe 80 TRUE

|
l
John 90  TRUE \
|
J
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Data frame
Mazani fadku

> our.data.frame = our.data.frame[-1, ]

> our.data.frame

name weight single
John 90 TRUE
Joe 80 TRUE
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Data frame

Pridani sloupce

> our.data.frame$visits = c(19, 30)
> our.data.frame = cbind(our.data.frame, value = c(5, 18))

> our.data.frame

name weight single visits value
John 90 TRUE 19 5
Joe 80 TRUE 30 18
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Data frame

Pridani radku

> our.data.frame

= rbind(our.data.frame, list('Ben', 30, FALSE, 0, 1))

> our.data.frame[nrow(our.data.frame) + 1, ] = list('Tom', 12, TRUE, 3, 1)

> our.data.frame

name weight

John 90
Joe 80
Ben 30
Tom 12

3. Datové struktury / Data frame

single visits value

TRUE
TRUE
FALSE
TRUE

19
30

5
18
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Data frame
Ukol

Vyrobte data frame df o 100 Fadcich s nasledujicimi sloupci:
e id obsahuijici ¢isla od 413 do 512
e weight obsahujici ndhodny vybér z Normalniho rozdéleni N(70, 9),
viz. ?rnorm (pozor na rozptyl vs smérodatna odchylka)

Smazte prvnich 5 Fadku

Pridejte radek s hodnotami id = 513 a weight = 73

Vypiste prvnich par fadku pomoci funkce head

Spocitejte primér sloupce weight

Smazte sloupec id
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Data frame
Ukol

Pouzijte data frame ntcars, viz. ?mtcars
o Prohlidnéte jej pomoci funkci str a head

Vyrobte data frame ntcars.filtered, ktery bude obsahovat jen
automobily se ¢tyfmi valci (sloupecek cy1)

Pridejte do ntcars. filtered sloupec 1p100km s primérnou spotiebou
v L/100km dle vzorce

282.48

Ip100km =
mpg
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Faktor

Motivace

e R implementace kategorialnich proménnych

e v data frame automaticky, pokud nevypneme pomoci argumentu

stringsAsFactors
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Faktor

Konstrukce

>X=c(lal’ Ial’ Ibl, lclJ lal’ lbl)
> x.factor = factor(x)
> x.factor

[1] a abcab
Levels: a b c

> str(x.factor)

Factor w/ 3 levels "a","b","c": 1 1 2 3 1 2

> summary(x.factor)
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Faktor

Data frame

>X=C('al, |a|’ Ib‘, IC', lal, vbn)

\
n

seq_along(x)
>y

[1] 1 2 3 456

> df = data.frame(x, y)
> str(df)

mgn o mam o wpnowew

$ x: chr a a

\
'data.frame':”~"16 obs. of 2 variables: ‘
$y:int 123456 \
|
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Working directory

® getwd()

® setwd()
na lomitkach v cesté nezaleZi, pozor na escapovani zpétného
lomitka

> "D:\\Dokumenty\\R3"

[1] "D:\\Dokumenty\\R3"

> "D:/Dokumenty/R3"

[1] "D:/Dokumenty/R3"
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R - source

e Nacteni R skriptu a jeho vykonani

7 vz

e Projde cilovy skript a vykona jednotlivé radky jako bychom je
sami znova zadali

e V aktualnim kontextu - tj. zlistanou nam vsechny proménné atd.

> source('path/to/my/script.R")
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Tabulkova data

Funkce header sep dec | write funkce
read.table FALSE " . write.table
read.csv TRUE " " write.csv
read.csv2 TRUE Wod " write.csv2
read.delim TRUE o] Pl write.delim
read.delim2 TRUE wdi] " write.delim2

?read.table
® ?write.table

Parametr | header

Parametr skip

4. Externi data
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csv

> df = read.csv('../../data/lengths.csv')

> df

Data [lengths]

identifier sex age length

4. Externi data

7412301
7412302
7412303
7412304
7412305
7412306
7412307

M

m =X =E T T T

18
33
41
40
23
58
31

11.
16.
13.
12.
16.
17.
11.

N NN N DA NN
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Excel 1/2

> library('openxlsx')
> excel.car.fuel = read.xlsx('../../data/excel.xlsx")
> str(excel.car.fuel)

Data [excel]

Bali¢ek openxlsx [Walker, 2018]

'data.frame':”~711142 obs. of 8 variables:

4. Externi data

$
$

»vr N N n

Model.Yr
Mfr.Name

"aston martin"

Carline
Vantage"
Engine
4.2
Cylinders:
MPG
Gears
LPH

num
chr

2012 2012 2012 2012 2012
"aston martin" "aston martin"
"aston martin"

chr "V12 Vantage" "V8 Vantage" "V8

"V8 Vantage"

num 5.9 4.7 4.7 4.7 4.7 4.2 4.2 5.2 5.2
num 12 8 8 8 8 8 8 10 10 8

num 13.1 16 16 15.2 16

num 6 6 7 6 7 6 6 6 6 6

num 17.9 14.7 14.7 15.5 14.7
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Excel 2/2

> str(read.xlsx("'

'data.frame'

4. Externi data

$

“”vr N N N

“vr NN n

../../data/excel.xlsx', sheet = 'mtcars'))

:ANI32 obs. of 12 variables:

X1 chr "Mazda RX4" "Mazda RX4 Wag" "Datsun 710"
"Hornet 4 Drive"

mpg num 21 21 22.8 21.4 18.7 18.1 14.3 24.4 22.8
19.2

cyl num 6 6 46 86 8446

disp: num 160 160 108 258 360

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

drat: num 3.9 3.9 3.85 3.08 3.15 2.76 3.21 3.69
3.92 3.92

wt num 2.62 2.88 2.32 3.21 3.44

gsec: num 16.5 17 18.6 19.4 17

Vs num 0 06 11010111

am num 1 110 000000

gear: num 4 4 4 3 3 3 3 4 4 4

carb: num 4 4 112 14224
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Zapis dat

Ukol

e UlozZte data frame ntcars do CSV souboru
e Pouzijte argument row.names = TRUE

o UloZte sloupce mpg a hp z data frame ntcars do dalSiho CSV souboru
e PouZijte argument row.names = TRUE
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Nacteni dat
Ukol

Stahnéte si tabulku craf 1 pocet obyvatel v letech 1785-2020

& http://czso.petrmarek.eu

Nactéte z CSV zaznamy o poctu obyvatel a letech.

o Vykreslete pomoci funkce plot vyvoj obyvatelstva do grafu
e poutzijte kfivku (argument type = '1')
e cervenou barvu (argument col = 'red')
e tlustou ¢aru (argument lwd = 2)

Pro zajemce

o Pridejte do nactenych dat sloupec uvadéjici rozdil v poctu obyvatel
oproti pfredchozimu roku
e UloZte upravena data do nového CSV souboru

79/ 160


http://czso.petrmarek.eu

Dalsi zdroje dat
SPSS

Balicek foreign [R Core Team, 2014b]

> library('foreign')
> read.spss('file-name.spss')

Viz. ?read.spss
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Dalsi zdroje dat
Stata

Balicek foreign [R Core Team, 2014b]

> library('foreign')
> read.dta('file-name.dta')

Viz. ?read.dta
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Dalsi zdroje dat
SQL databaze 1/2

Balicek odbc [Hester and Wickham, 2021]

> library(odbc)

v

> con = DBI::dbConnect(odbc::odbc(),

+ Driver = "PostgreSQL Unicode",
+ Server = "localhost",

+ Database = "r_test_database",

+ uIiD = "petr",

+ PWD = "petr",

+ Port = 5432)

> result = DBI::dbGetQuery(con,
+ "SELECT id, file_name FROM folio_files LIMIT 3")
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Dalsi zdroje dat
SQL databaze 2/2

> head(result)

id file_name
60 verejna-vyzva-upis-creditas-1911.pdf
87 cni_odkoupene -vydane -akcie_lock.xlsx

56 dodatek-1-statut-creditas-fond-sicav-1911.pdf
> str(result)

'data.frame':”~7I3 obs. of 2 variables:

$ id :integer64 60 87 56

$ file_name: chr
"verejna-vyzva-upis-creditas-1911.pdf"
"cni_odkoupene -vydane - akcie_lock.xlsx"
"dodatek -1-statut-creditas-fond-sicav-1911.pdf"
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Obsah prezentace

5. Graficka znazornéni
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R balicky

® install.packages()

® library()

® citation()
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Obsah prezentace

5. Graficka znazornéni
Jednorozmérna data
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Krabickovy graf

> boxplot(mtcars$wt)
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Histogram

> gaussian.data = rnorm(150)
> hist(gaussian.data)

Histogram of gaussian.data
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|
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|

Frequency
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|

gaussian.data
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Histogram
breaks 1/3

e Argument breaks

e Vychozim nastavenim Sturgesovo pravidlo

k=14 logyn

nevhodné pro velké vybéry - ma tendenci pfilis vyhlazovat
pouZitim nedostatecného poctu intervald [Scott, 1979].
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Histogram

breaks 2/3
Data [car-fuel] n=1142
sturges scott
g g
3
= B
e [ I I 1 e [ I I 1
5 10 15 20 5 10 15 20
fd n
& 8
o o
< <
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Histogram
breaks 3/3

> data = read.csv('../../data/car-fuel.csv')
> par(mfrow = c(2,2), cex = 1.2, mar = c(3,3,3,1))
> rules = c('sturges', 'scott', 'fd')

\

for (rule in rules) {
hist(dataSLPH, breaks = rule, main = rule)
}
hist(dataS$LPH,
breaks = sqrt(length(data$LPH)),
main = bquote(sgrt('n')))

+ + VvV o+ o+
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Jadrovy odhad hustoty

> set.seed(1)

> gaussian.data = rnorm(150)

> density.est = density(gaussian.data)
> plot(density.est)

density.default(x = gaussian.data)

Density
0.3 0.4

0.2

0.1

0.0

N =150 Bandwidth =0.2907
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Jadrovy odhad hustoty
nad histogramem
> set.seed(1)
> gaussian.data = rnorm(150)
> hist(gaussian.data, freq = FALSE)
> lines(density(gaussian.data), col = 'red')

Histogram of gaussian.data

/\
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QQ graf

> set.seed(1)
> gaussian.data = rnorm(150)
> qgnorm(gaussian.data)

Normal Q-Q Plot
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Violin plot

> suppressPackageStartupMessages(library('vioplot'))
> set.seed(1)
> vioplot(rnorm(150))

-1

-2
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Obsah prezentace

5. Graficka znazornéni

Dvourozmérna data
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XY graf

> data

Data [car-fuel]
= read.csv('../../data/car-fuel.csv')

> plot(LPH ~ Engine, data = data, xlab = 'Objem motoru', ylab = 'Spotreba')

Spotreba

20

15

10

° o
0 8
o, o
oo o° 8 o°
8 o
o 080 o0, SE E °
jeted
C) 8 ©
q 8 % 5

Objem motoru
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Vicenasobny krabickovy graf

Data [car-fuel]
> data = read.csv('../../data/car-fuel.csv')

> boxplot(LPH ~ Cylinders, data = data, varwidth = TRUE)
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Obsah prezentace

5. Graficka znazornéni

Vicerozmérna data
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Korela¢ni matice

balicek ellipse

Balicek ellipse [Murdoch and Chow, 2012]
> suppressPackageStartupMessages(library('ellipse'))
> plotcorr(cor(mtcars))
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Korelacni matice
balicek corrplot

Balicek corrplot [Wei and Simko, 2017]
> suppressPackageStartupMessages(library('corrplot'))
> corrplot(cor(mtcars))

qsec
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Rainbow plot

Data [mort]
> suppressPackageStartupMessages(library('demography'))
> load('../../data/mort.RData')
> plot(mort)

Czech Republic: female death rates (1950-2011)

Log death rate
-6
1
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1
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Age
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Obsah prezentace

5. Graficka znazornéni

Obecna nastaveni grafti
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Popisky

main

hlavni nadpis

xlab

popisek x osy

ylab

popisek y osy

5. Graficka znazornéni / Obecna nastaveni grafd
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Popisky

> plot(rnorm(50),

+ main = 'Hlavni nadpis',
+ xlab = 'Popisek x osy',
+ ylab = 'Popisek y osy')
Hlavni nadpis
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Vice grafli v jednom obrazku

> par(mfrow = c(2,2))
> hist(rnorm(50))
> hist(runif(50))
> hist(rpois(50, 1.5))

> hist(rt(50, 10))
Histogram of rnorm(50) Histogram of runif(50)
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Obsah prezentace

6. Programovani
If/else
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If/else

if (CONDITION) {

# run this code i1f CONDITION is TRUE (or truthy)
} else {

# run this code if CONDITION is FALSE (or falsey)
}
if (1 <3) {

print('Yes')
} else {

print('No")
}

+ 4+ + + V + 4+ + + Vv

[1] "Yes"
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If bez else

>x =3

\

if (x < 3) {
print('x is lower than 3')

v

if (x < 5) {
print('x is lower than 5')

+

+}

[1] "x is lower than 5"
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Vnorené if

> x = 10
>
> if (x > 5) {

+ print('x is high')

if (x >7) {
print('x is super-high!")
}
}

+ + o+ o+

[1] "x is high"
[1] "x is super-high!"
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ifelse

> X = C(lal’ lbl,
> ifelse(x ==

[1

]

a

>y =1:6

> data.frame(num = y, compared.to.3 = ifelse(y > 3, '>', '<='))

a

, 4

"not a"

num compared.to.3

6. Programovani

1

a1 AW N

1

a', 'a',
, 'not a')

‘C')

d

"not a"
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ifelse
Ukol

e Poufzijte data frame ntcars, Viz. ?mtcars.

o Dopliite sloupec consumption s hodnotami "high" pro mpg < 16 a "low"
pro ostatni.

o Dopliite sloupec strong s hodnotami TruE a FaLSE podle sloupce hp
(uvaZujme auto jako strong pokud ma vice nez 130 koni)
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6. Programovani

For cyklus
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For cyklus

> for (1 in 1:3) {

+

+}

print(i)

[1] 1
[1] 2
[1] 3

+ + Vv Vv VvV

}

X = C('al, |b|’ |c|)

for (1 in x) {
print(i)

[1]
[1]
[1]

a
np"

C

6. Programovani
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For cyklus

Proménné

10:15
c()

Y
n

\
1}

v

for (1 in seq_along(x)) {
y[i] = x[i]
}

v + + Vv

\

y

[1] 10 11 12 13 14 15
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For cyklus - sudé/liché
Ukol

e Pro kazdé z cisel od 1 do 20 vypiste, zda je sudé, nebo liché

117/ 160



For cyklus

Piiklad s if/else
> balance = 5
> transfers = c(100, -5, -20)
> for (transfer in transfers) {

balance = balance + transfer
print(paste('current account balance:', balance))

+ if (transfer > 0) {

+ print(paste('received', transfer))
+ } else {

+ print(paste('paid', -transfer))

+ )

+

+

+

[1] "receilved 100"

[1] "current account balance: 105"
[1] "paid 5"

[1] "current account balance: 100"
[1] "paid 20"

[1] "current account balance: 80"
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For cyklus - vektor
Ukol

e Vyrobte vektor numbers obsahuijici ¢isla od 1 do 100

o Vyrobte proménnou numbers.sun @ pomoci for cyklu do ni uloZte
soucet vsech Cisel z vektoru numbers
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For cyklus

Data frame

> df = data.frame(letter = c('A', 'B', 'C'),
+ is.vowel = c(TRUE, FALSE, FALSE))

> for (1 in 1:nrow(df)) {
+  print(df[i, 1)
+}

letter 1is.vowel
A TRUE
letter is.vowel
B FALSE
letter 1is.vowel
C FALSE

6. Programovani

120/ 160



For cyklus - mtcars
Ukol

e PoufZijte data frame ntcars, viz. ?mtcars

vewvs

e Pro kazdé auto vypiste, jestli je silnéjsi nebo slabsi nez to
predchozi (dle sloupce hp)
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6. Programovani

While cyklus
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While cyklus

x =1

while (x < 5) {
print(x)
X=x+1

}

[1]
[1]
[1]
[1]

+ + + Vv v

AW N

> X

[1] 5
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While cyklus

Ukol

e Pomoci while urcete, kolik je potfeba prirozenych cisel (vzestupné
od 1, tj. 1, 2, 3, ....), aby jejich souéet byl vétsi neZ 100.

e Napovéda
e vnéjSi proménné count a total
e 1:count, funkce sum
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6. Programovani

Funkce
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Funkce

Motivace

o flexibilita, znovupouzitelnost, organizace delsich skriptt

e DRY kod

> FunctionName = function() {
+ return(l + 2)
+

}

FunctionName()

\

[1] 3
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Funkce
Argumenty 1/2

> MySum = function(x, y) {
+ return(x + y)
+

\

\

MySum(2, 3)

[1] 5
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Funkce

Argumenty 2/2
> MySum = function(x = 3, y = 5) {
+ return(x + vy)
+}
>

> MySum()

[1] 8

> MySum(1)

[1] 6

> MySum(1, 2)

[1] 3

> MySum(y = 0)

[1] 3
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Funkce
Variable scope 1/2

> MySum = function(x) {

+ inner.variable = 3

+ return(x + inner.variable)
+}

MySum(5)

v

[1] 8

> inner.variable

Error in eval(expr, envir, enclos): object 'inner.variable' not found
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Funkce
Variable scope 2/2

>z=1

> MySum = function(x) {
print(paste('z:', z))
z=2z+2
print(paste('z:', z))
return(x + z)

}

+
+
+
+
+
> MySum(5)

[1] "z: 1"
[1] "z: 3"
[1] 8

[1] 1

6. Programovani
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Funkce
Priklad 1/2

> NumberIskEven = function(x) {
if (x %% 2 == 0) {
return(TRUE)

} else {

return(FALSE)

}
NumberIsOdd = function(x) {
return(!NumberIsEven(x))

+ + V 4+ + + + o+ +
-
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Funkce
Priklad 2/2

> NumberIsEven(11)

[1] FALSE

> NumberIsOdd(11)

[1] TRUE

> NumberIsEven(28)

[1] TRUE

> NumberIs0dd(28)

[1] FALSE
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Funkce - soucet sloupce
Ukol

e Vytvorte funkci suncolunn pFijimajici dva argumenty

e data frame
e jméno i index sloupce

e Funkce by méla vratit soucet hodnot v daném sloupci
> SumColumn(mtcars, 'cyl')
[1] 198
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Funkce - ¢tvercova matice
Ukol

e Vytvorte funkci squareMatrix pFijimajici cislo n jako argument.

e Funkce by méla vratit ¢tvercovou matici o rozmérech nxn
vyplnénou pfirozenymi Cisly postupné od 1
> SquareMatrix(2)

[,1] [,2]
[1,] 1 3

[2,] 2 4
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Funkce - variacni koeficient
Ukol

e Vytvorte funkci coefficientofvariation pFijimajici vektor jako
argument, ze kterého spocita variacni koeficient.

o
¢ =—
i

e Pro odhad ;. pouZijte primér mean

e Pro odhad o pouZijte smérodatnou odchylku sd, viz. ?sd
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Data

Data [mort] a balicek demography [Hyndman et al., 2012] pro
snazsi praci s daty

> load('../../data/mort.RData"')

> suppressPackageStartupMessages(library('demography'))

> mort

Mortality data for Czech Republic
Series: female male total
Years: 1950 - 2011
Ages: 0 - 110

Regresni analyza imrtnosti muzl v roce 2011.
> last.column = ncol(mortS$rates$male)

> data.mortality = mort$rate$Smale[, last.column]
> data.ages = mort$age
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Data

Graf

Prozkoumejme data graficky
> plot(data.mortality ~ data.ages)
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Data

Graf

Prozkoumejme data graficky
> plot(data.mortality ~ data.ages)
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Naivni regresni primka |

> fit.1line =

> summary(fit.line)

7. Regrese

Call:
Im(formula =

Residuals:
Min 1Q Median
-0.225 -0.164 -0.068

Coefficients:

Estimate

-0.20047
0.00629

(Intercept)

data.ages

Signif. codes: ©
0.1 " ' 1

0.066

Std.

Thkx!

Im(data.mortality ~ data.ages)

data.mortality ~ data.ages)

Max
3.951

3Q

Error t value

.08049 -2.49
.00131 4.79
.001 '**' 0.01

Pr(>|t])

0.0000054 ***

[N

0.014

0.05

*
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Naivni regresni primka Il

Residual standard error: 0.419 on 105 degrees of
freedom
(4 observations deleted due to missingness)
Multiple R-squared: 0.18,~ *IAdjusted R-squared: 0.172
F-statistic: 23 on 1 and 105 DF, p-value: 0.00000543

Graficka diagnostika pres
> plot(fit.line)

7. Regrese
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Funkce pracujici s vystupem Im()

coefficients | vektor odhadli parametri

confint intervaly spolehlivosti pro odhady parametr
fitted hodnoty modelu

residuals rezidua

anova anova tabulka

vcov kovarian¢ni matice parametra

influence hodnoty pro dalsi hodnoceni kvality modelu
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Naivni regresni primka

Zobrazeni odhadu

> plot(data.mortality ~ data.ages)
> lines(fitted(fit.line), col = 'red')

data.mortality

7. Regrese

20

data.ages
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Parabola |

> fit.curve = lm(data.mortality ~ data.ages + I(data.ages”2))
> summary(fit.curve)

Call:
Im(formula = data.mortality ~ data.ages +
I(data.ages”2))

Residuals:
Min 1Q Median 3Q Max
-0.326 -0.155 -0.008 0.091 3.546

Coefficients:
Estimate Std. Error t value Pr(>|t])

(Intercept) 0.2050832 0.1071423 1.91 0.05835
data.ages -0.0168855 0.0046714 -3.61 0.00047
* k%

7. Regrese
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Parabola ll

>

7. Regrese

I(data.ages”2) 0.0002186 ©0.0000426 5.13 0.0000014

* k%

Signif. codes: 0 '***' 9.001 '**' 0.01 '*' 0.05 '.'
6.1 " ' 1

Residual standard error: 0.376 on 104 degrees of
freedom
(4 observations deleted due to missingness)
Multiple R-squared: ©0.345,~"IAdjusted R-squared:
0.332
F-statistic: 27.4 on 2 and 104 DF, p-value:
0.000000000277

plot(fit.curve)
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Parabola

Zobrazeni odhadu

> plot(data.mortality ~ data.ages)

> lines(fitted(fit.curve), col = 'red')

data.mortality
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Parabola bez Groviiové konstanty |

> fit.curve.no.intercept = lm(data.mortality ~ data.ages + I(data.ages”2) - 1)

> summary(fit.curve.no.intercept)

Call:
Im(formula = data.mortalti
I(data.ages”2) - 1)

Residuals:

Min 1Q Median
-0.293 -0.148 0.034 0.1
Coefficients:

Estimate

data.ages -0.0091831
0.00022 **=*

I(data.ages”2) 0.0001584

0.00000035 ***

7. Regrese

ty ~ data.ages +

3Q Max

10 3.612
Std. Error t value
0.0024025 -3.82
0.0000291 5.44

Pr(>Itl)
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Parabola bez Groviiové konstanty Il

Signif. codes: 0 '***' 0.001 '**' 0.01 '*' 0.05 '.'
0.1 ' ' 1

Residual standard error: 0.381 on 105 degrees of
freedom
(4 observations deleted due to missingness)
Multiple R-squared: ©0.374,~"IAdjusted R-squared:
0.363
F-statistic: 31.4 on 2 and 105 DF, p-value:
0.0000000000201

> plot(fit.curve)
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Parabola bez Grovinové konstanty

Zobrazeni odhadu

> plot(data.mortality ~ data.ages)
> lines(fitted(fit.curve.no.intercept), col = 'red')

data.mortality
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8. Vypocet umrtnostnich tabulek
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Vypocet umrtnostnich tabulek
Ukol

e Provedte zjednoduseny vypocet imrtnostnich tabulek pro
muze / CR / 2020

e [ Vstupni data (vék, Dx a Px) z €SU tabulek - csv z
czso.petrmarek.eu

e [@ Metodika
e Zjednoduseni na “naivni” vypocet - pouZijeme jen realné miry
umrtnosti

e Vstupem cesta k CSV s €SU vék/Dx/Px, vystupem data.frame a
vygenerované CSV s vlastnim (naivnim) vypoctem.

e Vyrobte R skript, poté zkuste zobecnit na funkci pfijimajici
argumenty, napr.
NaivelLifeTable = function(csv.path.input, csv.path.output = NULL) {}
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Pouzita data

B lengths.csv

> str(read.csv('../../data/lengths.csv'))

'data.frame':”~*17 obs. of 4 variables:
$ identifier: int 7412301 7412302 7412303 7412304
7412305 7412306 7412307

$ sex . chr "M" "F" "E" "wE®" .
$ age : int 18 33 41 40 23 58 31
$ length conum  11.7 16.7 13.4 12.7 16.2 17.2 11.2

9. Pouzita data
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Pouzita data
B fuel.csv

> str(read.csv('../../data/car-fuel.csv'))

'data.frame':”~211142 obs. of 8 variables:
$ Model.Yr : int 2012 2012 2012 2012 2012 2012 2012
2012 2012 2012

$ Mfr.Name : chr "aston martin" "aston martin"
"aston martin" "aston martin"

$ Carline : chr "V12 Vantage" "V8 Vantage" "V8
Vantage" "V8 Vantage"

$ Engine :num 5.9 4.7 4.7 4.7 4.7 4.2 4.2 5.2 5.2
4.2

$ Cylinders: int 12 8 8 8 8 8 8 10 10 8

$ MPG : num 13.1 16 16 15.2 16

$ Gears :int 6 6 76 76 6 6 6 6

$ LPH :num  17.9 14.7 14.7 15.5 14.7
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Pouzita data

B excel.xlsx

Kombinace dat Data [car-fuel] a data framu mtcars jako
jednotlivych listt v Excel sesitu
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Pouzita data B mort.Rdata

Roéni panelova data udavajici miry umrtnosti v Ceskych zemich
mezi lety 1950 a 2011. Data pochazeji z Human Mortality Database
a jsou (po registraci) k dispozici ke staZeni. Pro jednoduchou praci
s daty vyuZivam balicku demography [Hyndman et al., 2012], ktery
velmi snadno zachazi s daty strukturovanych dle Human Mortality

Database.

> load('../../data/mort.RData"')

> suppressPackageStartupMessages(library('demography'))
> class(mort)

[1] "demogdata"

> mort

Mortality data for Czech Republic
Series: female male total
Years: 1950 - 2011
Ages: 0 - 110
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