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7. Uvod do matematické
statistiky

Klicoveé pojmy: . zakladni soubor, vybér
» Statisticka indukce, podminky pouziti
* Reprezentativnhost vyberu, nahodny vyber
« Usporadany vyber, poradova statistika, poradi
* V'yberove charakteristiky - stredni hodnota, rozptyl,
smerodatna odchylka, Sikmost, Spicatost
» Krabicovy diagram, kvartily, median
* Empiricka distribucni funkce
« Cetnosti (absolutni, relativni, prosté kumulativni)
* Histogram



Statisticka indukce

» Zakladni soubor - nositel sledovaného znaku (veliCiny)

* Pozorovani vybéru
(méreni sledovaného znaku) => Zjisteni vlastnosti vyberu

» Zobecneéni na cely zakladni soubor
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Zakladni pojmy popisné statistiky

Co je treba znat a porozumét tomu:

Zakladni soubor (populace, universum): mnozina objektl, na nichz provadime
statistické zkoumani; musi byt presné specifikovana

Vyber (ze zakladniho souboru): n-tice nezavislych, stejné rozdélenych nahodnych
veliCin X1, X, ..., Xn odpovidajici nezavislym pozorovanim vybranych objektl
zakladniho souboru na nichz pozorujeme nejakou veliCinu X reprezentujici urcitou
mefitelnou (a pfesneé danou) vlastnost vsech objektu zakladniho souboru. Pocet »
objektd zahrnutych do vybéru nazyvame rozsahem vyberu.

Reprezentativnost vybeéru je vlastnost vybéru, zaru€ujici rovhomérné zastoupeni
charakteristickych vlastnosti objektu zakladniho souboru.

Nahodny vybeér vznikne tehdy, kdyz kazdy objekt zakladniho souboru ma stejnou
pravdepodobnost byt zahrnut do vyberu.

Realizace vybeéru: je mnozina namérenych (napozorovanych ) ¢iselnych hodnot xi,
X2, ..., xn VEliCin z vybéru Xi, X, ..., Xu.



Statisticka indukce

Tedy vzdy musime vychéazet z :

nahodné veliciny

¥

- nahodného vybéeru Xi, X, ..., Xu

* a jeho pozorovani xi, x2, ..., xn.

—

Stredni hodnota
E(X):/ xf(x)dx

Vybérovyfrﬁmér

_ 1

Momenty

ue(X) = B(X - B(X))"

Vybérové momenty

mp(X) =) (2, — X)F

1=1

Rozptyl
var(X) = B(X — E(X))?

Vybérovy rozpty
§2 = ! Z(% — X)?

n—1 4
1=1

Kvantily

5310004

Vybérové kvantily

X (Inp]+1)

realna cisla



Statistické charakteristiky

Statistické charakteristiky: jsou spocCteny na zakladé pozorovani xi, x2, ..., xn
vybé&ru X1, X, ..., Xu

- Vlybérova stredni hodnota (vyberovy primér). X = 1 Z T
n

1=1
n

- Vybérové momenty. mi(X) = Z(% - X)*
1=1
1
n—1

- Vybérovy rozptyl: s*> = Z(:c»,; — X)®  a vybérova smérodatna odchylka s
1=1

Za predpokladu, ze nahodny vyber je nezavisly a je z normalniho rozdeélent,
tj. X1, X2, ..., Xu jsouiid. a Xi~N(u,o0?), k=1,2, ..., n, lze urcCit rozdeleni
pravdepodobnosti nekterych charakteristik:

- Pokud je p a 62 zndmé, ma vybérovy primér X, rozdéleni N(u,c2/n)

- Pokud p a 62 nezname, ma veli¢ina 7=(X — X)/s tzv. Studentovo neboli
t-rozdeleni #(n-1)

- Velicina S?= (n-1).5s2/62 ma y2(n-1) rozdeleni (o n-1 stupnich volnosti)



Statistické charakteristiky

Statistické charakteristiky: jsou spocCteny na zakladé pozorovani xi, x2, ..., xn
vybé&ru X1, X, ..., Xu

Dalsi dulezité vybéerové charakteristiky:

- Vybérova sikmost (skewness). Skew(X) = ”;Z(X )
> (X))
bérova $pic - my(X)
* VVyberova spicatost (kurtosis): Kurt(X) = — 3
yberova spicalost (kuriosis) X0 = 2300
pro X~N@uodje  E(Skew(X)=0  var(Skew(X)) = — o2
(n+1)(n+3)
6 24n(n — 2)(n — 3)
(Kurt(X)) — var(Kurt(X)) (n+1)2(n +3)(n +5)

Mame-li dostateCny pocCet pozorovani (fadové stovky), maji statistiky

- Sk 7 K = BUSE™)
V/ Var(Sporm) V/ Var(Knerm)

priblizné standardni normalni rozdéleni pravdépodobnosti.




Zakladni pojmy popisne statistiky

Co je treba znat a porozumét tomu:

- Vybérovy prumér nahrazuje neznamou stredni
hodnotu veliCiny X: X =

- Vyberovy rozptyl je charakteristika odpovidajici | )
rozptylu ndhodné veli¢iny X: s* = D (X — X)?

Vybérova smerodatna odchylka s je druhou n—1i5
odmocninou z vyberoveho roptylu
* k-ty vybérovy centralni moment veli¢iny X se pocita 1 B
podie vztahu: - my = — Z;(Xi — X)k
1=
- Vyberovy index Sikmosti je vybérovou variantou ma(X)
indexu Sikmosti pozorované veli¢iny X: Skew(X) = 3‘;’2
my’ " (X)
- Vybeéerovy index Spicatosti je vybérovou variantou
. v ot . , ‘v m4(X)
indexu SpiCatosti pozorované veliiny X : Kurt(X) = m2(X) 3
2

- Vyberovy modus je nejCastéjSi hodnota, ktera se vyskytuje v realizaci vybéru.
Tato hodnota nemusi existovat.



Statisticke charakteristiky

Statistické charakteristiky: jsou spocCteny na zakladé pozorovani xi, x2, ..., xn
vybéru Xi, X, ..., Xn. Uspofadame-li veliCiny ve vybéru podle velikosti naméfenych
hodnot pozorovani xi, xz, ..., xn, dostaneme tzv. usporadany vyber Xu, X, ..., Xu).

Empiricka distribucni funkce:
1
vychézime z uspofadaného vybéru: X, Xo), ..., Xm). Potom  F,(z¢)) = —

n
max{k . X(k) < x}

atedy F,(z)= reR
n
oo w0 »
X(1) X2 X(12) ... X(@n)



Zakladni pojmy popisne statistiky

Co je treba znat a porozumét tomu:

- Usporadany vyber: X, Xo), ..., Xm) vznikne z plvodniho vybéru Xi, Xz, ..., Xu
uporadanim podle velikosti pozorovanych hodnot xi, x2, ..., xn.

- Poradova statistika: X je nahodna veli¢ina X, ktera je k-ta v poradi podle
velikosti pozorovanych hodnot xi, x2, ..., xn.

- Poradi m-tého pozorovani veli¢iny Xn ve vybéru: pokud Xm = X => Rm =k
« X1y se nazyva (vybeérové) minimum, Xy je (vybérové) maximum

- median je prostfedni hodnota ve vybéru: je-li n liché, je roven X241
pro n sude je roven (Xwupz) + Xw2+1))/2

- dolni kvartil: X411y resp. (Xwa) + Xwa+n)/2

* horni kvartil: Xwae1) resp. (Xows-1) + Xwa4))/2



Statistické charakteristiky

Statistické charakteristiky: jsou spocCteny na zakladé pozorovani xi, x2, ..., xn

vybéru Xi, Xo, ..
hodnot pozorovani xi, xz, ..

krabicovy graf (Box & Whiskers plot)

s 531()() -

., Xn. Usporadame-li veliCiny ve vybéru podle velikosti naméfenych
., Xn, dostaneme tzv. usporadany vyber X, Xo, ..., Xu).

krabicovy graf (Box & Whiskers plot)

vrubovy krabicovy graf (notched Box & Whiskers plot)

,vrub® reprezentuje 95% interval

spolehlivosti pro median.
~ ]-7 58QR
xr T
>0 NG




Statisticke charakteristiky

Traditional Box Plot Notched Box Plot
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Statistické charakteristiky

IQR

Q1 - 1.5xIQR Q3+ 1.5xIQR

45 30 2 -lo 0 lo 2 30 4o

26980 067456  0.67450 2.6980




Zakladni pojmy popisne statistiky

Co je treba znat a porozumét tomu:

- Krabicovy diagram je grafické zobrazeni rozdéleni pozorovanych hodnot
pomoci péti (Tukey's) charakteristik: minima, dolniho kvartilu, medianu, horniho

kvartilu a maxima.

- Empiricka distribucni funkce je grafické zobrazeni realizace vybéru formou
grafu po ¢astech konstantni funkce. Vychazi z usporadaného vybéeru: X), X2,

..., Xm). Potom

rec R

l k: Xy <
Fulew) == atedy  F,(z) = max{ - (k) < a:}j
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COMPUTAIION MEETS XNOWLEDGE

The Wolfram Solution for
Statistics

Pull in your data or ours, do standardized or custom analysis and visualization, then generate
and deploy interactive reports—all in one system, with one integrated workflow.

The Wolfram statistics solution incluces cowerful optimization and statistics functionality

alongsice unigue capabilities like free-‘orm linguistic input, instant interactivity and the re iability
of eny-precision numerics and symbolic analysis.

The Wolfram Edge How Wolfram Compares Key Capabilities

Wolfram technologies include thousands of built-in
functions and curated data on many topics that let you:

= Model and analyze system raliability, inclucing the life expectancy of g l Q W
a componant or the reliability cf engineerng materials, using built-in N T .\
raiahility analys's fancrinnality - A\

* Build and analyze statistical models for futures trading ard other : S x= .
gpplicationsin finance ——— 1
» Determine insights by analyzing currentard historical built in
frandal, socioeconomic, geozraphic and cemogrzphic datz
Fit, test and describe propeties of aata
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Statistics and Machine Learning Toolbox — Examples

Descriptive Statistics and Visualization
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¢ Python

Statistics for Data Science with Python

Python statistics library that is open source

There are numerous open-source Python libraries and Python statistics packages for data manipulation,
data vizualization, statistics, mathematics, machine learning, and natural language processing.

1. Python'’s Statistics

It is a built-in Python module for descriptive statistics. If your datasets are not too
large or if you cannot rely on importing other libraries, you can utilize it.

2. NumPy

It is a third-party numerical computing package that is optimized for working with
single- and multi-dimensional arrays. Its primary type is an array known as ndarray.
This peckage offers a large number of statistical analysis routines.

3. SciPy

It is a NumPy-based third-party library for scientific computing. It provides more

capabilities than NumPy, such as scipy.stats for statistical analysis.

4. Pandas

It is a NumPy-based third-party library for numerical computing. It excels at labelled
one-dimensional (1D) data handling with Series objects and two-dimensional (2D)
data handling with DataFrame objects.

5. Matplotlib

It is a third-party data visualization package. It is useful in conjunction with NumPy,
SciPy, and Pandas. '>



The R Project for Statistical
Computing

Getting Started

Download
R is a free software environment for statistical computing and graphics. It compiles and runs on a wide
CRAN variety of UNIX platforms, Windows and MacOS. To download R, please choose your preferred CRAN
mirror.
R Project
About R If you have questions about R like how to download and install the software, or what the license terms
Logo are, please read our answers to frequently asked questions before you send an email.
Contributors
What's New? News
Reporting Bugs
Coz ferer?ces 9 « R version 4.4.0 (Puppy Cup) prerelease versions will appear starting Sunday 2024-03-24. Final
Search release is scheduled for Wednesday 2024-04-24.

Get Involved: Mailing Lists .
Get Involved: Contributing .
Developer Pages

R Blog

R version 4.3.3 (Angel Food Cake) has been released on 2024-02-29.
Registration for useR! 2024 has opened with early bird deadline March 31 2024.
R version 4.2.3 (Shortstop Beagle) has been released on 2023-03-15.

You can support the R Foundation with a renewable subscription as a supporting member.

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



Hands-On Programming with R

Ywelcome

Prefeace

1 Project 1: Weichtec Dica
2 The Very Easics

3 Packages and Help Pages

4 Project 2. @ ayIing Cards
9 R Objects

6 R Notation

7 Madifying Values

8 Cnvirchnments

Project 3: Slot Machine
9 Programs

10 S3

11 Loops

12 Speed

A Installing R ahd RStudio

A.1 llow to Download and Install R

A Installing R and RStudio

To g=t started with R, you need to acquire your own copy. This apnendix will show you how to download
R as well as FStudio, a software application that makes R easier to use. You'll go from cowrloading R to

opening your first R sessicn.

Both K and RStudio are free and easy to cownload.

A.1 How to Download and Install R

R 's maintained by an international team of devzlopers who make the language available through the
web page of The Comprarensive R Archive Networ<. The top of the web oage provides three links fcr
dewnloading R. Follow the link that describes your operating sysiem: Wirdows, Mac, or Linux.

A.1.1 Windows

To irstall B on W ndows, click the “Download R for Windows™ link. Tren click the “base” link. Naxt, click
the first link at the top of the new page. This link should say somethirg like “Cownload R 3.0.3 for
Vindows,” except the 3.0.2 will ba replaced by tre most current version of K. [he link downloads an
instal er program, which installs the mast up-to-date versicn cf R for Windows. Run this program and
step thrcugh the installaticn wizarc that appears. The wizard wll install R into your program files folders
anc place a shoricut in your Start menu. Note that vou'll need to have zll of the appropriate

administraticn grivileges to install new scftware on your machine.

A.1.2 Mac

To irstall R on a Mac, click the “Dawnload B for Mac” link. Next. click on the R-3.@8.3 package ink (or
the package link tor the most current release of R). An installer will download 1o guide you through the

instal'ation process, wrhich 's very easy The instaler lets you cusiomize your installation, but the defaults

https://rstudio-education.github.io/hopr/starting.ntml >



Install R and RStudio

We need to install two things onto your computer. The first is R, this is the programming language we will use. After that we need to install
RStudio, this is a front end program that lets you write R code, view plots, and do many other useful things.

If you have a previous installation of R and RStudio, that you have not used much, please remove these first from your computer, and download
the current versions as per the instructions below.

Install R

1. Download the R installer from https://cran.r-project.org/.

a. Click on the link for your operating system. Make sure the installer is for R version 4.0.0.

- R The Comprehensive R Archive X RS — 0

C @ @ & hups/ioan r-projectorg - O W mwoeEme & =
~
The Comprehensive R Archive Network

Download and Install R

Precompiled bigs jstributions of the base system and contributed packages, Windows and Mac uscrs most likely
CRAN e Downlead R for Linux
Mirrors e Download R for {Mac) OS X
Whar's new? ¢ Downlead R for Windows
[ask Views
Search R s part of many Linux distributigg® vou should check with your Linux package management system in addition to the

ik above,
Abowt R Source Code for all Platforms
R Homepage
Ihe R Journal Windows and Mac users most likely want to download the precompiled binaries listed in the upper box, not the source
Soff code. The sources have to be compiled before you can use them. 1f you do not know what this means, you probably do
Nlware i

not want to do it!
R Sources ! st
R Binanies o The latest redease (2020-04-24, Arbor Day) R-4.0.0. tar.gz. read what's new in the latest version.
Packages
Other ¢ Sources of R alpha and beta releases (daily snapshots, created only in time periods before a planned release),
Documentation * Daily snapshots of current patched and development versions are available here, Please read about new features
Manuals and bug fixes before filing corresponding feature requests or bug reports.
FAQs
Contributed ¢ Source code of older versions of R is available here.

¢ Contributed extension packages
Questions About R
¢ If you have questions about R like how to downlead and install the software, or what the license terms are, please
read our answers (o frequently asked questions before you send an email.
What are R and CRAN? v

https://www.stat.colostate.edu/~jah/talks_public_html/isec2020/installRStudio.html



O . % & HH o A cownhluction - Addins . E Project: (None) ~

©  zak _statR” O conf_ntk @ lin_reg.R 9 ancvak Ot testy R vyrosy b Lnvironment  History Connections  Tutorial am (1
- SourceonSave L o~ | “Run 9= #S5cucs - = # ] |~ impontDatatet + " 17vie~ g List « -

16 ecdf(x) R - ) Glokal Environment - Q
17 plotlecaf(x), verticals « FALSE, da. poaints-'FAILSE") Dat
18 xfit--seqiminix) mex(x),length-42) ata o
19 zfit--prorm xFit,mecn-mean(x),sd-sdix)) Dh List oF ©
28 Lines(xfit, zfit, col=-"{fN . lnd-2) O hx List o &
31 L x rum [1:50, 1] 24.5 24.2 24.5 24.4 23.% ...
22 # Histogram values

73 hist(x) o o
2% hw o< BistOO) xfit rum [1:40] 23,7 23.7 23.7 25.8 25.8 ...

S print(hx) ¥ rem [1:5€] 24.5 24,2 24.5 2.4 23.9 ..,

26 ho-hist{x, meia-"Belictl cutomat na kawvu®™, xlab-"hmotrest belidkd v dekaaracech”, yiiL um [1:40] 0,057 8.95325 0.84087 9,050 B.CeZL ...
&7 col='fyellon”, freq=rALSE, breaks = 8) zfit rum [1:40] 0.0257 8.6325 6407 @.055 0.€631 ...
28 ylhil<-grorm xfit,mean=mean(x),sd=sd{x))
29 ines(xfil, yfit, col-"{00, lwd-2)

30 TinesCdensity(x))

£3

372  wWTesty rormality

33 qanorm(x, mair-'Mormal’)

21:1  (Top wovel 5

}:v ;_)

Filas Plots Packages Help Viewer Presemtation —[
RSap: s = A oom PExport = O 4 75 Publish -

Console  Terminal —
R RALI . - Nextcloud Vyuka/ZS/R) ecdf(x)
> ¥

> #Graly
> plot{x)
>
e

1.0

boxplot(x)

boxplot(x, main-"Hmotrost balidka davkevanveh autemctem" | ylab-"hnotnost v dag™)
= ecdt{x)
Empir.cal CCF
Call: codf(x)

x[1-52] = 23.554, 23 717, 23,837, .. , 25 43, 25.439
> plot{ecd(x), verticals = FALSE, do.poinls="FALSE™)
> sfite-seq(mindx) ,maxCx), lengthed@
> zfitc-norm(efis meanemcan(xd , sdesd(x))
E=ror in norm{xfiz, mear - mean(x), sd - sd(x)) :

unused arcuments (mear - mecn(x), $d - $d(x))
> zfite-dnorm{xt it ,mean-meanCe ), sd==d(x))
> lines{xft, zfit, col="red", lwds=Z)
= yfLtc-pnorm{xfie mean-mean(x) , sd-sd(x))
> acdf{x)
Empir.cal CCF
Call: ocdf(x)

%x[1:5@] - 23.054, 23.717, 23.857, ..., 25.43, 25.439 I I
> plot{acdf(x), verticals - FALSE, do.points="FALSE")
afLte-seqiminCx) ,maxCxl, length=443 235 240 245 25.0 258
7fite pnorm{xfit mean=mean(x ], sd=sd(x))
lines{xfie, zfie, col-"red", lwd-Z) X

08

Fnix)
0.6

D4

02

0.0

v vy

v

https://rstudio-education.github.io/hopr/starting.ntml



Statistické charakteristiky

Priklad: Balici automat na kavu - popisna statistika v programu R:

R version 4.3.1 (2023-06-16) -- "Beagle Scouts"
Copyright (C) 2023 The R Foundation for Statistical Computing
Platform: aarch64-apple-darwin20 (64-bit)

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

Natural language support but running in an English locale

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

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

Type 'q()' to quit R.
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Statisticke charakteristiky

Priklad: Balici automat na kavu - popisna statistika v programu R:

# Nastaveni pracovniho adresare:

> setwd(,/Users/dohnal/Nextcloud/Vyuka/ZS/R®)
#

# Volani potrebnych knihoven:

> library(moments)

> library(nortest)

#
# Nacteni dat
> X <- data.matrix(read.table("davkovac.txt"))

> X

24.52586
24.17119
24.54486
24.44240
23.93455
24.20389
24.19974
24.34851
23.94024
24.21022
24.87474
25.06155
25.48924
25.32572
23.71721
24.61622
25.06676
24.90055
24.36213
24.98580
24.80591
24.20853
24.72623
24.04437
24.70405
23.97645
25.29837
24.46910
24.99453
25.42994
24.066147
24.75773
25.03970
24.44901
25.13285
24.40205
24.78721
23.83656
24.17186
23.65390
24.48244
24.68550
24.22988
23.83956
24.09777
24.52098
24.89240
24.25332
24.14259
25.12906
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Statisticke charakteristiky

Priklad: Balici automat na kavu - popisna statistika v programu R:

> plot(x)

vVVvyVv VYV

10 20 30 40 &0

Indax

ecdf(x)

Fnix)

0.2 C.4 0.6 08 1.0

co

ocdf(ic) |

plot(ecdf(x), verticals = FALSE, do.points="FALSE")

xfit<-seq(min(x),max(x),length=40)

zfit<-pnorm(xfit, mean=mean(x),sd=sd(x))

ines(xfit, zfit, col="red", lwd=2)

255




Statisticke charakteristiky

Priklad: Balici automat na kavu - popisna statistika v programu R:

> summary(x) > boxplot(x)
V1

Min. :23.65
1st Qu.:24.21

Median :24.52
Mean :24 .55
3rd Qu. :24.89
Max. :25.49
> skewness(x)
V1
0.09303432

255
I

250
1

245
1

240

> kurtosis(x)
V1
2.27457



Statisticke charakteristiky

Priklad: Balici automat na kavu - popisna statistika v programu R:

> summary(x) > boxplot(x, main="Hmotnost balic¢ku
V1 davkovanych automatem"”,
Min. .23 65 ylab="nmotnost v dag")(x)
1St Qu - 24 . 21 Hmotnost balicki davkovanych automatem

Median :24.52
Mean :24 .55
3rd Qu. :24.89
Max. :25.49
> skewness(x)
V1
0.09303432
> kurtosis(x)
V1
2.27457

25.85
|

25.0

245

hmotnost v dac

240
|




Frekvenc¢ni analyza - analyza cetnosti

Mame pozorovani xi, x, ..

., Xxn_Nahodného ybéru Xi, Xz, ..., Xu

ootadi | tiidni | PrOS®) | oiosté) relativni|  kumulativn kumulativni
o : absolutni v : v : L :
tridy | intervaly | : cetnosti cetnosti relativni Cetnosti
cetnosti
1 Ao — af N1 f1=n1/n C1=N1 di=c1/n
2 | az—ar N2 fo=no/n Co=N1+N2 do=cC2o/n
J
Cj = Z n;
i=1
K |ak— ak-1 Nk fk=nk/N Ck=N dk=Ck/N=1
O—00-01 000000 O NNNO—00-00—¢ * ; ¢ e
Al a2 A3 a4 as ae a7 asg




Frekvencni analyza - histogram cetnosti

Mame pozorovani xi, x2, ..., xa hahodného yberu Xi, X, ..., Xu

al a? a3z a4 as ae aj asg



Frekvencni analyza - histogram cetnosti

Mame pozorovani xi, x2, ..., xa hahodného yberu Xi, X, ..., Xu

/

A /_/

Ci /

pd

—

al a a3z a4 as ae aj asg



Frekvencni analyza - analyza cetnosti

Co je treba znat a porozumét tomu:

* Tridni intervaly rozdéluji maximalni rozsah pozorovanych hodnot nahodné
veliCiny (od minima do maxima) na & stejnych dild.

- (prosta absolutni) cetnost i-té tridy je poCet pozorovani nahodné veli¢iny X v i-
té tridé, i=1,..., k.

- (prosta) relativni cetnost i-té tridy je pomér poc¢tu pozorovani nahodné veliciny
X v i-té tfidé ku rozsahu vybéru n, i=1,..., k.

- kumulativni (absolutni) cetnost i-té tridy je pocet pozorovani nahodné veli€iny
X od minima az do i-té tridy vCetne, i=1,.., k.

- kumulativni relativni Cetnost i-té tridy je soucet relativnich ¢etnosti pozorovani
nahodné veliCiny X az do i-té tfidy vCetne, i=1,..., £

- Histogram cetnosti je grafické zobrazeni Cetnosti ve formé sloupkového grafu.
Relativni Cetnosti Ize zobrazovat i ve forme kruhového (kolacového) grafu.
Existuje cela rada variant.



Histogram a boxplot

Frekvencéni analyza - histogram c¢etnosti
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Frekvencni analyza - huoslovy graf
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0.3 1 Value
Density Plot
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Frekvencni analyza -
dvourozmeérny

histogram

Veknove sloieni obhyvatelshia lIsteckeho kraje k M. 172010 a k 1. 1. 2000
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Frekvencni analyza - kruhovy graf
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Frekvencni analyza

Ptiklad: Balici automat na kavu Histogram of x
> hist(x) © -

> hX <- hist(x)

> print(hx) .

$breaks g

[1] 23.6 23.8 24.0 24.2 24.4 24.6

24.8 25.0 25.2 25.4 25.6
$counts

(112557886522 < : : : ,
$density 24.0 24.5 25.0 25.5
[110.20.50.50.7 0.8 0.8 0.6 0.5 0.2 0.2

$mids

[1] 23.7 23.9 24.1 24.3 24.5 24.7 24.9 25.1 25.3 25.5
$xname

[1] "X"

$equidist

[1] TRUE

attr(,"class")

[1] "histogram” =



Frekvencni analyza

Priklad: Balici automat na kavu Salici sUtomatna kavi
> h <- hist(x, main="Balici automat S 7 L] N
na kavu", xlab="hmotnost bali¢k{ Py
v dekagramech", col="yellow", S /
freq=FALSE, breaks = 8) > / \
> lines(density(x)) g ° | / \\
> Xxfit<-seq(min(x),max(x),length=40) S ///’ \\ \
> yfit<-dnorm(xfit, nean=mean(x), / A N
sd=sd(x)) S - [ ] : u
> lines(xfit, yfit, col="red", Iwd=2) 24.0 245 25.0 25 5

hmotnost bali¢ku v dekagramech



Frekvencni analyza

Priklad: Balici automat na kavu Salicl automas ha kavis
> h <- hist(x, ylim=c(0,1), <
main=,Balici automat na kavu", o
xlab="hmotnost balicku ° //\ \\
v dekagramech", col="yellow", 5> Q- / S
freq=FALSE, breaks = 8) 2 7 ‘\
o = _
> Xfit<-seq(min(x),max(x),length=40) / N
> yfit<-dnorm(xfit, nean=mean(x), s 1 7 N
sd=sd(x)) o

> lines(xfit, yfit, col="red", lwd=2) r T n !
24.0 24.5 25.0 25.5

hmotnost bali¢ku v dekagramech



Frekvencni analyza

Priklad: Balici automat na kavu

> par(mfrow = c(2,2))

>

nist

Frequency
4

Frequency
0 5 10

nist(x, brea

nist(x, main="set by R");

X, breaks = 20, main="breaks = 20");

set by R

il

| I | |
240 245 250 255

X

breaks =3

I —

I I 1 | |
235 240 245 250 255

X

Frequency

Frequency

0 10 25

(
(

nist(x, breaks = 3, main="breaks = 3");
( KS = 2, main="breaks = 2")

breaks = 20

—

AW

I 1 T 1
240 245 250 255

I I I |

X

breaks = 2
1
| | | | | | |
23.0 240 250 26.0

Pravidla pro stanoveni

poctu trid:

-« Sturgesovo pravidlo:
14 3,32logn

 Yuleovo pravidlo:

k ~~2,5¥n

- obecneé:

k=~ +/n, k<b5logn

n=50 =>

Sturges: 6.64

Yule: 6.65



Frekvencni analyza

Priklad: Balici automat na kavu

> h <- hist(x,ylim=c(0,10))
> text(h$mids,h$counts,labels=h$counts, adj=c(0.5, -0.5))

Histogram of x

Frequency

24.0 24.5 25.0 25.5
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Frekvencni analyza

Priklad: Balici automat na kavu

h <- hist(x,ylim=c(0,10))
h$counts<-cumsum(h$counts)
plot(h)
xfit<-seq(min(x),max(x),length=40)
zfit<-50*pnorm(xfit,mean=mean(x),sd=sd(x)) .
lines(xfit, zfit, col="red", lwd=2) Histogram of x
To R 7_‘/
o ’/
N I
S - L7

l 1 1 I
24.0 24.5 25.0 25.5

X



