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/kouska

* Terminy v SIS
 Latky z celého semestru

* Materidly v€éetné moznosti opakovani vypocetnich ukolt budou
predem v Moodlu

e Zkouska v PC mistnosti B229, vzdy dve skupiny v daném zkouskovém
terminu

* Bez pristupu k internetu!
* Moznost prinést si tisténé a digitalni materialy na USB

e Povinnost overit s pristup do systému (login) a spusténi Excelu s
modulem Analyza dat



Predpoklady regresni analyzy a
diagnostika



Linearita vztahu
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Demo
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Kracie a efektivita .

adnuti: linearni model?
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Regression Statistics * . ¢ .
Multiple R 0.343670487 & . !
2 Square  0.118109404| . ¢
Adjusted R 0.111898907
Standard E 0.942931017
Observatic 144 *
Coefficients  Standard Error  t Stat P-value Lower 95%Upper 95%ower 95.0%pper 95.0%
Intercept -0.276914247 0.101708749 -2.72262 0.007289 -0.47797 -0.07586 -0.47797 -0.07586
holity 0.058943139 0.013516187 4.360929 2.47E-05 '].032224 0.085662 0.032224 0.085662




Demokracie a efektivita vladnuti: nelinearni

vztah v reziduich
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Vlivha pozorovani | a o

& :
; . : [
 odlehla pozorovani (outliers) / L/Q,/

jsou pozorovani s
neobvyklou hodnotou na
zavislé promenné vzhledem z £
k hodnoté na nezavislé

promenne ©

* odlehlé pozorovani neni

nutné vzdycky vlivhé
pozorovani (influential 3 |
observation)

Fox, 1991, p. 22




Homoskedasticita

e konstantni smérodatna odchylka
rezidui

e popreni predpokladu je znamé
jako heteroskedasticita rezidui

* chyby modelu se méni v
zavislosti na hodnoté predikce
nebo hodnoté nezavislé
promenneé

Fox, 1991, p. 50



Vzajemna nezavislost chyb (a tedy |

pozorovani)

* kazdé pozorovani nese
informaci

 ale vzajemné zavisla
pozorovani nesou méne
informace

e Casove rad, casoveé vazby

 domacnosti, prostorove
vazby

B

"Yes, I've heard long-married couples tend to
look alike, but I'm not sure about the
dress alike part.”

https://www.cartoonstock.com/cartoonview.asp?catref=mbcn3250



A pozor: Zkresleni kvali chybéjici proménné!

|IHHHHHHHH||

Independent l | Dependent
|III!l!!!II' |III!l!!!IIl

https://statisticsbyjim.com/regression/confounding-variables-bias/
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Vza

Vicenasobna regresni ana



niho vyzkumu

/akladni cil kauza

* |dentifikace vztahu mezi nezavislou proménnou X a zavislou
promennou Y, tj.

Y « X

* V jednoduché regresi jsme pro to pouzili rovniciY = a + bX + €
* Ale co kdyz existuje Z, které je spojené s Yi X?



|zolace efektu X: experiment

* Experimentalni design: izolace
vsech potencialné relevantnich
prediktoru, které mohou byt
zaroven korelované s nezavislou
promennou

 Jak? Nahodnym vybérem do
experimentalni (treatment) a
kontrolni skupiny

* Zjistime Cisty efekt nezavislé
promenné

https://shelleypsych.wordpress.com/2015/08/09/week-14-research-method-observation/



|zolace efektu X, kdyz experiment neni mozny

* Co kdyz experiment nemUzeme
udéelat?

* Pak musime vsechny potencialné
relevantni prediktory zmérit a
zahrnout do analyzy —
,kontrolovat” je

* Zjistime Cisty efekt nezavislé
promenné

n/

atio

h-method-observ

s.com/2015/08/09/week-14-researc

https://shelleypsych.wordpres



Staff, given by GNI (all logs)

logpopulation



Vicenasobna regrese zahrnuje a tak
kontroluje dalsi prediktory

Y =a+bX{+e
Y=a+b01 X1 +b0,X9+e€

Y=a+01X1 +b00Xo+...+0. X1+ e

* Y = bezpecnost statu (absence utoku)
e X1 =sila armady

* X2 = geograficka poloha

* X3=...



Logarithm of professional staff
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Staff, given by GNI and population
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Staff, given by GNI and population
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Vicenasobna regrese v Excelu

SUMMARY OUTPUT

Regression Statistics

Je bohatstvi zemi statisticky spojeno s

Multiple R 0.854139952 demokracii a efektivitou vladnuti? (Data za
R Square 0.729555058 rok 2000)
Adjusted R Squa
Standard Error  0.36.206.2564
Observations 146
ANOVA
df ss MS F ghificance F

Regression 2 50.5688 25.2844 192.879136 2.5E-41
Residual 143 18.7458 0.13109
Total 145 69.3146

Coefficients andard Err  t Stat P-value lower 95%Upper €
Intercept 3.260669431 0.03596 90.6872 -128 3.1896 3.331
governmenteffd 0.612606875 | 0.03723  16.455 0.53902  0.6¢
polity 0.000163496 § 0.00568 0.0288 -0.0llOE 0.011




Vicenasobna regrese zahrnuje dalsi

orediktory, ale za néjakou cenu...

Y =a+bX{+e
Y=a+b01 X1 +b0,X9+e€

Y=a+01X1 +b00Xo+...+0. X1+ e

* Y = bezpecnost statu (absence utoku) II
e X1 =sila armady
* X2 = geograficka poloha

* X3=...



Multikolinearita: dalsi predpoklad, na ktery si
dat pozor (u vicenasobne regrese)

None Modest High

e



Co vysvéetluje miru kompliance (plnéni
zavazku) transparentnosti statu ve WTO?

Model 1

Model 2

Trade dependence (std) bl 0.102* (0.053)

Trade openness (std)

Administrative capacities (std)

Log (GDPpc) (std)
Democracy (std)

I0s membership (std)

signifikance

Log (GDP) (std) :::.'43'5’ '{n.:ﬁM}

Membership length (std)

No. of obligations (std)

Constant

Observations 111
R? - ”D..E.E:D.
Adjusted R? / koef. determinace 0.e30

0.112* (0.066)
0.179** (0.082)

0.012 (0.060)

0.104* (0.063)
—0.135"* (0.066)

0.191** (0.090)

0.131** (0.067)
0.230*** (0.084)

0.446' (0.095)
—0.170 (0.110)
0.075 (0.066)

108
0.654
0.626

0.027 (0.064)

Notes: *p=<0.1; **p=<0.05 ***p=0.01; tp =0.001; robust standard errors in brackets.

* Dv: kompliance

* |V/s: administrativni
kapacity, zavislost na
obchodu,
demokracie,...

Zdroj: Karlas & Parizek, 2020



Analyza na vyssi urovni



d Excelu k R: od klikani ke skriptu

Rstudio
Fle Edit Code View Plots
[ I = = 6o to fileffunction

Session  Buld Debug  Profle  Tools Help
~ Addins ~

@] goveff_gnipc_polity R ©') embeddings_visualization_in_R_plotly.R ©7 d3.1.250228.R

I i

03_main_preprocessing_25031..

Source on Save

i

2

3 Tibrary(tidyverse)
4 Tlibrary(ggplot2)
5

6

7

8

dir<-"g:/googledrivesync/vyuka_a_vedeni_praci/kvantitativnimetody/hodinall/data”
setwd(dir)

d<-read.table("goveff_gnipc_polity.txt",dec="." ,sep="\t", header=TRUE)

9 names(d)
10
11
12 ggplot(d,aes(x=polity,y=loggnipc,label=is03))+
13 #geom_point()+
14 geom_smooth()+
15 #geom_smooth(method="1m",color="red")+

16 geom_text ()+
17 theme_bw()

20 reg<-Im(loggnipc~governmenteffectiveness,data=d)
21 summary(reg)

24 dSpolity2<-dSpolitys2

26 reg<-Im(loggnipc~polity+polity2,data=d)
27 summary(reg)

29 reg<-Im(loggnipc~polity+polity2+governmenteffectiveness,data=d)
30 summary(reg)
31 vif(reg)

32

201 | (Top Level) £

Console  Terminal Background Jobs

R R404 - E/googledrivesync/vyuka_a_vedeni_praci/kvantitativnimetody/hodinal1/data/

signif. codes: 0 °* ' 0.001 ‘%%’ 0.01 ‘% 0.05 ‘.7 0.1 ° "1
Residual standard error: 0.2964 on 140 degrees of freedom
Multiple R-squared: 0.7933, adjusted R-squared: 0.7888
F-statistic: 179.1 on 3 and 140 DF, p-value: < 2.2e-16

> vif(reg)

Error in vif(reg) : could not find function "vif"

> ggplot(d,aes(x=polity,y=loggnipc,label=is03))+

- #geom_point QO+

- geom_smooth()+

+ geom_smooth(method="1m",color="red")+

+  geom_text()+

+  theme_bw()

geom_smooth()  using method = 'loess’ and formula 'y ~ x'
geom_smooth()  using formula 'y ~ x'

> ggplot(d,aes(x=polity,y=loggnipc,label=is03))+

+  #geom_point(+

+ geom_smooth(Q+

+  #geom_smooth(method="Tm",color="red")+

- geom_text )+

+ theme_bw()

"geom_smooth()" using method = 'loess' and formula 'y ~ x’
>

mp2

©] MENA_Flows_03_Main_Preprocessing.R

* Run

o

» =0

Source -

R Script +

=

[l

X

R] Project: (None) ~

Environment  History  Connections  Tutorial -
g # Import Dataset ~ | 3 525 Mig = & List = -
R = 1T Global Envirenment ~
pata
d 144 obs. of 8 variables
reg List of 12
values
dir "E:/googledrivesync/vyuka_a_vedeni_praci/kvantitativnimetody/hodinall/data"
Files Plots Packages Help Viewer Presentation =0
B Zoom | BEport - | O | & 45, Publish ~
5.0
AT iR
4.5
4.0 EBRD BB
GdAB RUS LBN
8 ECU
= I54 ook
L
33.5- sSwWz ARM "é!,i\f,?
uzB
304 CMR TJK B58
. ZWE
RwaA TCD s HTI TZA MU NPL com
TGO ciN mom ER8
2.5 B0 CAF
-10 5 5 10

0
polity



Programovaci jazyk a preciznost kodu

il Error Message BE

| /l\ Smash Head On Keyboard
e \To Continue...
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Efektivita a replikaci/reprodukce ana

RStudio
File  Edit Code View Plots Session Buld Debug  Profle  Tools Help
S -0 - } Go to file/function = Addins ~
03_main_preprocessing_25031. @7 goveff_gnipc_polity R* @] embeddings_visualization_in_R_plotlyR ©7d3.1_250228R mp2
SourceonSave | QS -
1
2
3 Tibrary(tidyverse)
4 Tibrary(ggplot2)
5
6 dir<-"E:/googledrivesync/vyuka_a_vedeni_praci/kvantitativnimetody/hodinall/data”
7 setwd(dir)
8 d<-read.table("goveff_gnipc_polity.txt" dec="." sep="\t", header=TRUE)
9 names(d)
10
11
12 ggplot(d,aes(x=polity,y=Toggnipc,label=is03))+
13 #geom_point O+
14 geom_smooth()+
15 #geom_smooth(method="1m",color="red")+
16 geom_text ()+
' .
18

19 ggplotid,aes(x=polity,y=Toggnipc,label=is03))+
20 #geom_paint()+
21 geom_smooth()+

22 geom_smooth(method="1m", color="red")+
23 geom_text ()+

24 theme_bw()

25

26

27

28 reg<-Im(loggnipc~governmenteffectiveness,data=d)
29 summary(reg)

32 dfpolity2<-dipolityr2

34 reg<-Im(loggnipc~polity+polity2,data=d)
IE  rummaruCnand

271 (Top Level) 3

Console  Terminal - Background Jobs

R R404 - E/googledrivesync/vyuka_a_vede /kvantitativnimetody/hodina‘1/data/

‘ Qg;:'lct ((‘i ,aes (x:pé'l ity, uégm‘ pg . 'I ;i:é'\ =i su}))-v—
#geom_point(O+
geom_smooth()+

>
+
+
+ geom_smooth(method="1m",color="red")+
+
¥

geom_text )+
theme_bw()
“geom_smooth() " using method = 'loess' and formula 'y ~ x'
“geom_smooth() " using formula 'y ~ x'
> ggplot(d,aes(x=polity,y=loggnipc,label=iso3))+
#geom_point O+
geom_smooth()+
#geom_smooth (method="Tm",color="red")+
geom_text()+
theme_bw()
geom_smooth() " using method = 'loess' and formula 'y ~ x'
> ggplot(d,aes(x=polity,y=loggnipc,label=is03))+
+  #geom_point()+
+  geom_smooth()+
+ geom_smooth(method="1m",color="red")+
.
.

s

geom_text()+
theme_bw()
geom_smooth()
geom_smooth()
>

using method = 'loess’' and formula 'y ~ x'
using formula 'y ~ x'

jsi

©7] MENA_Flows_03_Main_Preprocessing.R

=+ Run

RS

> ==

Source ~

R Script 2

/

- ®

B Project: (None)

History G Tutorial -
o # import Dataset ~ | o) 525MiB = & List + -
R = |k Global Environment =
Data

d 144 obs. of 8 variables

reg List of 12
values

dir "E:/googledrivesync/vyuka_a_vedeni_praci/kvantitativnimetody/hedinall/data”
Files Plots Packages Help Viewer Presentation ==

P zoom | Beport - |0 | % Publish -
5.0
QAT
454
407 Lyg RUs BUR
LBN

g
£
=3
=3
-

3.04

25+




Regrese: demokracie (I1V) a bohatstvi (DV

26
27 reg<-1m(loggnipc~polity,data=d)
28 summary(reg)

29

30

31 ggplot(d,aes(x=polity,y=loggnipc,label=is03))+
32 #geom_point )+

33 geom_smooth()+

34 #geom_smooth(method="1m",color="red")+

35 geom_text()+

36 theme_bw()

37

38

39

40 dfpolity2<-dipolityA2

41

42 reg<-1m(loggnipc~polity+polity2,data=d)

43  summary(reg) -
401 (Top Level) = R Script 2 Files Plots Packages Help Viewer Presentation |
- s .
Console  Terminal Background Jobs = [ # Zoom | = Export -~ | @ ¢ LoCHEED <
R R404 - E/googledrivesync/vyuka_a_vedeni_praci/kvantitativnimetody/hodinal1/data/ 501 EGE
tesidual standard error: 0.319 on 142 degrees of freedom ~ QAT A
wltiple R-squared: 0.7571, Adjusted R-squared: 0.7554 z
‘-statistic: 442.6 on 1 and 142 DF, p-value: < 2.2e-16
4.5+
- reg<-Tm(loggnipc~polity,data=d)
» summary(reg) B
all: 4.0 BRZ
m(formula = loggnipc ~ polity, data = d) o E}{B RUS BUE LBN
a ECU CcOL bow

tesiduals: é

min 1o Mmedian 3Q Max 8. ARM MNG
-1.17593 -0.50014 0.01593 0.42018 1.50323 2 swz ol CPV

" uzs UKR SLB NWA
oefficients: LAO : PAK e}

Estimate std. Error t value Pr(>|t]) CMR TJK MNTR % %
Intercept) 3.587351 0.068246 52.565 <2e-16 *** 3.0 TzA ZWE
wlity 0.023290 0.009069 2.568 0.0113 * rwa TCD e HTI ML NPL @ COM
- g e e TGO GiN som SR8
signif. codes: 0 '#**' 0.001 ‘**’ 0.01 '*’ 0.05 ".” 0.1 1 BB
2.5 CAF

BDI

tesidual standard error: 0.6327 on 142 degrees of freedom
witiple R-squared: 0.04438, Adjusted R-squared: 0.03765 10 5 0 5 10
‘-statistic: 6.594 on 1 and 142 DF, p-value: 0.01126 polity




Regrese: demokracie a bohatstvi nelinearnée

38

39

40 dSpolity2<-dfpolityA2

41

42 reg<-1m(loggnipc~polity+polity2,data=d)
43  summary(reg)

44 |

45

44:1 (Top Level) =

Console  Terminal Background Jobs

R R4.04 - E/googledrivesync/vyuka_a_vedeni_praci/kvantitativnimetody/hodina11/data/
— =& = S —

> dspolity2<-dspolityr2
> reg<-1m(loggnipc~poTlity+polity2,data=d)
> summary(reg)

call:
Tm(formula = loggnipc ~ polity + polity2, data = d)

Residuals:
Min 10 Median 3Q Max
-1.09798 -0.35635 0.00517 0.36829 1.60079

Coefficients:
Estimate std. Error t value Pr(>|t])
(Intercept) 3.013398 0.078051 38.608 <2e-16 ¥

polity -0.017027 0.008072 -2.109 0.0367 *
polity2 0.013538 0.001362 9.940 <2e-16 #**
Signif. codes: 0 ‘***’ 0.001 ‘**' 0.01 ‘*’ 0.05 ‘.” 0.1 “ ' 1

Residual standard error: 0.4869 on 141 degrees of freedom
Multiple R-squared: 0.4381, Adjusted R-squared: 0.4302
F-statistic: 54.97 on 2 and 141 DF, p-value: < 2.2e-16



Nekonecne moznosti

* Data management (funkce merge(), join(), pivot_longer(),
pivot_wider())

* Vizualizace (ggplot2, plotly)
* Nelinearni vztahy, interakcni efekty,...
* \/Sechny nejnovéjsi metody v novym open source knihovnach



Python a dalsi software

cO & Python_Class_8.ipynb ¥ & B ® 2 Share @
File Edit View Insert Runtime Tools Help )

.— + Code + Text Connect 14 + Gemini ~

v oo B 2 PO ¢

v Class 8: Introduction to ML and embeddings

{x}
v Your first ML model: a support vector machine (SVM) model to classify news by topic
O
[ 1 !pip install scikit-learn # (scientifit kit for ML) is the key package
3¥ Requirement already satisfied: scikit-learn in /usr/local/lib/python3.18/dist-packages (1.5.2)
Requirement already satisfied: numpy>=1.19.5 in /usr/local/lib/python3.10/dist-packages (from scikit-learn) (1.26.4)
Requirement already satisfied: scipy»=1.6.@ in /usr/local/lib/python3.10/dist-packages (from scikit-learn) (1.13.1)
Requirement already satisfied: joblib»=1.2.@ in /usr/local/1ib/python3.1@/dist-packages (from scikit-learn) (1.4.2)
Requirement already satisfied: threadpoolctl»=3.1.@ in /usr/local/lib/python3.18/dist-packages (from scikit-learn) (3.5.0)
Import usual packages for data handling
o import os
import pandas as pd
import numpy as np
<>
= Load specific models and processes from sklearn for data preparation data ML model training
(| [ 1 # The model to be used (SVM)

from sklearn.linear_model import SGDClassifier as SVM # SVM with stochastic gradient descent



Vektorove vnoreni slov
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https://www.askyourdata.co/blog/an-introduction-to-natural-language-processing-nlp
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https://www.datasciencecentral.com/the-artificial-neural-networks-handbook-part-1/




Trenovani umelé neuronove site, napr.
velkeho jazykového modelu (LLM)

Specificky ukol:
generovani textu, '
odpovidani dotazd, | Neural Network Model |

sumarizace, predikce
slova nebo okoli...

Training Data -

| Target Output

Prediction

| Compare

Error
Signal

NN Weights
Modification Learning/Training
Algorithm
Adaptovano z
https://www.researchgate.net/publication/299390844 The_Development_of Neural_Network Based_System_lIdentification_and_Adaptive_Flight_Contro

|_for_an_Autonomous_Helicopter_System/figures?lo=1



Trénovaci data
pro muj ukol

Zpracované
klasifikované

Texty, jejichz vyznam chci mapovat

puvodni LLM, ktery 'doladuji’

Adaptovano z https://www.researchgate.net/publication/344672624_Web_mining_for_innovation_ecosystem_mapping_a_framework_and_a_large-scale_pilot_study/figures?lo=1
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{x}

|

Al na dalsi drovni

£ jpm444 _class12.ipynb ¥ &
File Edit View Insert Runtime Tools Help

+ Code + Text

v Chain-of-Thought Prompting

[]

0

initial messages =[
{
"role": "system",
"content™: "You assign texts into categories.
T
{

"role": "user”,

@ EE} 2 Share @

Connect 4 + Gemini A

(+code ) [ +Text)

"content”: "text: the pizza tastes terrible\\nwhat sentiment (positive, neutral, or negative) would you assign? Provide some thoughts.”

}
]

sampling params = SamplingParams(temperature=0.2,
max_tokens=256,
seed=42)

outputs = llm.chat(initial messages, sampling params)
for output in outputs:

prompt = output.prompt

generated text = output.outputs[e].text

print(f"Generated text: {generated_text!r}")

processed prompts: 10| 1/1 [ee:02<00:00,

2.14s/it, est. speed input: 20.08 toks/s, output: 29.89 toks/s]Generated text: ' The sentiment expressed in the text “"the pizza ta



https://zpravy.aktualne.cz/domaci/metro-za-15-miliard-konci-v-polich-syslum-pry- neslou2|/r i:article: 630433/
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