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Structura cursului

1. Why? 7. Programare si ML
2. Cauzalitate 8. ML si Deep Learning
3. Masurare 9. Productia
4. Modelare si esantionare 10. Why Privacy?
* Corelatia 11. Privacy Preserving Algorithms

 Erori de modelare

. . 12. Privacy Architectures and
* Erori de esantionare

§ Federated Learning
5. Tehnici de analiza

6. Predictie
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Covariatia variabilelor

* Daca estimam mai bine valorile lui A stiind valorile lui B, decat la
intamplare, atunci spunem ca:
* Asi B sunt asociate (vezi clarificari aici)
* Asi B covariaza (adica variaza impreuna)
* Asi B sunt corelate (mai ales pentru variabilele numerice)

e Si variabilele ordinale sau nominale pot fi asociate
 Judetul si etnia
e Tara si limba materna
e Genul si prenumele



http://www.unige.ch/ses/sococ/cl/stat/concepts/associationcoeff.html?#:~:text=An%20association%20coefficient%20or%20correlation,exceed%201%20in%20particular%20conditions).
http://www.unige.ch/ses/sococ/cl/stat/stat/association.ordcoeff.html?
http://www.unige.ch/ses/sococ/cl/stat/stat/association.nomcoeff.html?

Covarianta si corelatie

* Covarianta masoara sensul relatiei * Corelatia masoara sensul si
dintre 2 variabile intensitatea relatiei dintre 2
variabile

e Corelatia este covarianta variabilelor
standardizate

e Unitatea de masura naturala este
inlocuita de abaterea standard

o . . , .  Marimea corelatiei este
* Marimea covariantei depinde de scala standardizats

var|ab|leulor - | o * Corelatia misoar3 intensitatea
* Nu misoar3 intensitatea asocierii! asocierii

* Rang: [-1, 1]

* Daca variabilele evolueaza...
* Tn acelasi sens: cov. pozitiva
* Tn sensuri diferite: cov. negativa
e Fara relatie: cov. nula



Relatia statistica

Varianta si abaterea standard a unei
variabile

00 01 02 03 04

o 3N
N \/Z('Lz - D,
N

& = population standard deviation
N = the size of the population
i = each value from the population

= the population mean
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Covarianta vs. corelatie pt. 2 variabile

5 (- x)*(yi-y)
N

Cov(x,y) =

Cov (x,y)
oX *x gy

Correlation =

where:

* cOV is the covariance
e oy is the standard deviation of X
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C
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e oy is the standard deviation of Y

(o)}


https://www.mygreatlearning.com/blog/covariance-vs-correlation/
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Life expectancy vs. GDP per capita, 2016

GDP per capita is measured in 2011 international dollars, which corrects for inflation and cross-country price
differences.
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https://ourworldindata.org/grapher/life-expectancy-years-vs-real-gdp-per-capita-2011us
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Weekly worship attendance is most common where life is shortest

M Asia-Pacific M Europe M Latin America-Caribbean M Middle East-N. Africa M North America M Sub-Saharan Africa
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https://www.pewforum.org/2018/06/13/why-do-levels-of-religious-observance-vary-by-age-and-country/
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Alcohol consumption vs. GDP per capita, 2016

Average annual alcohol consumption measured in liters of pure alcohol per person (15 years of age or older).
Gross domestic product (GDP) per capita measured is adjusted for differences in price levels between countries
(measured in international-$).
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https://ourworldindata.org/grapher/alcohol-consumption-vs-gdp-per-capita

Daily prayer is more common in the U.S. than in many other wealthy countries
% who say they pray daily

M Asia-Pacific M Europe M Latin America-Caribbean [ Middle East-N. Africa B North America B Sub-Saharan Africa
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https://www.pewresearch.org/fact-tank/2019/05/01/with-high-levels-of-prayer-u-s-is-an-outlier-among-wealthy-nations/

Coeficientul de corelatie R

e Daca doua variabile numerice co-variaza liniar putem calcula
coeficientul de corelatie Bravais-Pearson: R
* R masoara intensitatea relatiei liniare dintre doua variabile numerice
* Rvariazaintre-1si1l
* Daca R =0 atunci variabilele nu sunt asociate

* Exista si alte masuri ale asocierii
* Covarianta
* Alti coeficienti speciali pentru variabile ordinale sau nominale
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Several sets of (x, y) points, with the Pearson correlation coefficient =
of x and y for each set. The correlation reflects the noisiness and
direction of a linear relationship (top row), but not the slope of that
relationship (middle), nor many aspects of nonlinear relationships
(bottom). N.B.: the figure in the center has a slope of 0 but in that case
the correlation coefficient is undefined because the variance of Y'is
Zero.
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Corelatii

 Care e coeficientul de corelatie dintre...
 Varsta si anul nasterii unei persoane?
 Numarul de casatorii si numarul de divorturi ale unei persoane?
* Lungimea parului si marimea pantofului?
* Numarul de animale de companie avute si codul postal din Bucuresti?



Frori de modelare
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Modelarea

* Modelul face legatura
dintre corelatii si
cauzalitate

* Aceleasi corelatii pot fi
modelate diferit

 Sigresit ©
* Model = diagnoza

10/16/2022

A
Knowledge about Attitudes toward Cannabis use
e 5 -
Cannabis cannabis Behavior
B
Attitudes toward
cannabis

(M) \
a \b

a
Knowledge about c Cannabis use
Cannabis ; »  Behavior
C
(X) (Y)
Zeiger et al.

16


https://jcannabisresearch.biomedcentral.com/articles/10.1186/s42238-020-00023-3
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[ THEN T Took A |
STATISTICS CLASS.

NOwW I DON'T.

f |

SOUNDS LKE THE

CI.ASS HELPED.
WELL, MAYBE

§i
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Schemele grafice

ale erorilor de
modelare @ . ©4_

-'-..IIIIII......

. 1. Corelatii co-incidentale 2. Sensul cauzarii
A B ( N .‘\ ‘v,/ 0 \1“-.\

HE AEEEEEN
pEmEN Il..n'... --lll ...ll...

---------
......
'''''

3. Corect din ratiuni false

--------------
-----

©—. "

/ 4. Paradoxul lui Simpson 5. Eroarea ecologica

6. Eroarea sistematica de masurare
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Erorile de modelare

* Corelatii co-incidentale: nu exista nicio cauzalitate, doar co-incidente
repetate aparute aleatoriu intr-un volum mare de date

. Sgnsrl cauzarii: presupusul efect este de fapt cauza, sau relatia este
circulara

* A fi corect din ratiuni false: alte variabile corelate din model sunt de fapt
cauza

* Paradoxul lui Simpson: o corelatie per ansamblu pozitiva in populatie e
agregata din relatii cauzale negative in interiorul subpopulatiilor

* Eroarea ecologica: prin observarea corelatiei la nivelul colectivitatilor de
indivizi, sensul relatiei cauzale la nivel de individ se inverseaza

* Eroarea sistematica de masurare: lipseste din modelul de masurare
variabila ce cauzeaza bias-ul



1. Corelatii coincidentale

* Corelatia nuinseamna
cauzalitate

e Uneori corelatia nu inseamna o* .
nimic
* Cu suficiente date putem gasi

patternuri aleatorii ce par
sistematice

10/16/2022 20



Corelatii iluzorii - coincidentale

Number of people who drowned by falling into a pool
correlates with

Films Nicolas Cage appeared in

Carrelation: 66.6% (r=0.666004)

1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009
140 drownings 6 films
[74]
[=14]
£
= - ,
2120 drownings 4films £
5] =X
3 @
= o
= . . g
£100 drownings ® 2films ™
E
(%]
80 drownings 0 films
1999 2000 2001 2002 2003 2004 2005 2006 2007 2008 2009

-8 Nicholas Cage —# Swimming pool drownings

Tyler Vygen, Spurious correlations
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WE FOUND THIS CORRELATION
IN THE DATA. EVERYONE
TAKE A RAZOR.

® marketoonist.com

22



2. Sensul cauzarii

* Care este relatia dintre competenta
Si saracie?

* Este saracia produsa de
incompetenta personalad? D

* Este saracia cauza incompetentei
personale?

‘---..............
L ]

10/16/2022 23
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3. Corect din ratiuni false

e Sporeste usturoiul purtat la ST LLLLLL LT T T
gat imunitatea? o® e

* Sunt femeile mai putin
capabile de munca
intelectuala?

* Relatia dintre Asi C
schimba semnificatia
cauzalitatii dintre A si B

10/16/2022 25



4. Paradoxul lui Simpson sau al variabilei omise

e Populatia nu este omogena

* Subpopulatii definite de o terta
variabila, omisa din analiza

e Cauzalitatea din subpopulatii este
inversata sau ascunsa prin agregare

10/16/2022 26



Paradoxul lui Simpson

Modificarea unei relatii
atunci cand tinem cont
de o terta variabila

(introducerea unei
variabile de control)

Eg: subpopulatii definite
de pozitia in oras (centru
/ periferie)

Home Price

No. of bedrcoms

® Downtown
® Fdge of town
® Suburbs

@ Countryside

[2]
2

7



Corelatie
slaba vs.
pozitiva +
nula:
controlul
variabilei
Lreligie”
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Alcohol consumption vs. GDP per capita, 2016

Average annual alcohol consumption measured in liters of pure alcohol per person (15 years of age or older).
Gross domestic product (GDP) per capita measured is adjusted for differences in price levels between countries
(measured in international-$).
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https://ourworldindata.org/grapher/alcohol-consumption-vs-gdp-per-capita

Average annual working hours vs. GDP per capita, 2017

Working hours are the annual average per employed person. GDP per capita is measured in constant
international-$. This means it is adjusted for price differences between countries and adjusted for inflation to allow
comparisons between countries and over time.
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Source: Feenstra et al. (2015) Penn World Tables 9.1, World Bank QurWorldInData.org/working-hours/ -« CC BY


https://ourworldindata.org/working-hours

5. Eroarea ecologica (de agregare)

>

* O populatie compusa din
colectivitati de indivizi (omogene) D

» Relatia cauzala se petrece la nivelul

indivizilor
v [ (O
* Sensul relatiei cauzale la nivel

individual este inversat prin

agregare @
—
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Eroarea ecologica

* Modificarea unei relatii atunci cand trecem de la
unitati individuale la unitati agregate — sau invers

e Dacain tarile in care se munceste mult saracia e
mai mare decat in celelalte, rezulta oare ca in
fiecare tara oamenii care muncesc mult sunt mai
saraci decat ceilalti?

* Relatie la nivel agregat: unitatea = tara

* Relatie la nivel individual, in interiorul tarilor: unitatea
= individul

31
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Eroarea ecologica / de agregare

s smoking cigarettes good for your health?

Statistical Summary
Coefficients Estimate Std. Error DF tvalue pvalue
(Intercept) 65075840  0.855974 183  76.025515 <.00001
- Cgarettes 0.006915 0.000855 183  8.090493  <.00001

This relationship is definitely statistically
significant.

One extra cigarette per year adds
0.006915 years to your life.

So 4 cigarettes a day will add 10 years to
your life.

CIGARETTES

Krause, 2018
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Eroarea ecologica / de agregare

Is smoking cigarettes good for your health?

If we look at individual level data, we can see that the individual life expectancy decreases as

smoking increases.
LIFE EXPECTANCY

33



number of typos

Eroarea ecologica / de agregare

number of typos

typing speed

typing speed
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Grafi o People in richer countries tend to be happier and Fi&S
ratic care arata within all countries richer people tend to be happier

S i m u I ta n re I a t i a — The position of the arrow shows the average life satisfaction reported by the population of a country (vertical axis)
< and the average income of that country (horizontal axis).

— The slope of the arrow shows the gradient between income of individuals and their reported life-satisfaction within each cmmtr}r;i*
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The visualization is available at OQurWorldinData.org. There you find the research and more visualizations on life satisfaction. Licensed under CC-BY-SA by the author Max Roser.
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https://ourworldindata.org/happiness-and-life-satisfaction

6. Eroarea sistematica de masurare

e Eroarea sistematica de & *
masurare a luiAprinBeo
eroare de modelare

e A = construct, B=indicator

* Lipseste din model
variabila C, care explica
bias-ul
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https://www.economist.com/united-states/2016/11/12/epic-fail
https://www.economist.com/united-states/2020/11/05/polls-and-our-forecast-model-overestimated-support-for-joe-biden

Frori de .

esantionare

Esantionare si generalizare
Probabilitatea de eroare (p)
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_ o _ One polister’s explanation for
Sondaje de opinie s why the polls got it wrong

ero |"| d e elsa ﬂtIO nare The kind of people who answer polls are really

weird, and it’s ruining polling.

By Dylan Matthews | dylan@vox.com | Nov 10, 2020, 9:20am EST

In cazul sondajelor apar si
erori de esantionare f W (O s

Eg sondaje CATI

 Computer-assisted
telephone interviewing

Cei care raspund sunt...
- mai agreabili (OCEAN)
- mai increzatori

- mai liberali (Vox)

10/16/2022 39


https://www.vox.com/policy-and-politics/2020/11/10/21551766/election-polls-results-wrong-david-shor

Esantion si populatie

* Nu putem studia toti membrii populatiei,
e Studiem un esantion
* Generalizare (inductie) = tragem concluzii despre intreaga populatie

e Esantionul probabilistic permite generalizarea
* Estimarile obtinute din esantion sunt valabile, cu o marja de eroare, pentru
populatie
* Esantionul non-probabilistic nu permite generalizarea statistica
* Esantion de disponibilitate: comod, dar ne-reprezentativ
* Esantion teoretic: permite explorarea sistematica a variatiei

* Esantioanele non-probabilistice permit crearea de tipologii orientative, dar nu de
generalizari sau tendinte la nivelul populatiei



Simple random sample
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Stratified sample
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Systematic sample
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Exemplu

A w . L
¢ Su nt utilizatorii TWitter . \mnlel hL ‘\lnll

reprezentativi pentru populatie?

e ,The Affinio algorithm ingests
massive amounts of Twitter
audience data — or social signals —
and uncovers naturally-occurring
actionable insights derived from a

I Food Sustainability

significant, unbiased, DA o4k
representative audience.” (Affinio) "Y/eliN S,

10/16/2022 (Davies 2019)
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https://www.affinio.com/blog/dont-think-of-twitter-data-as-twitter-data/
https://www.affinio.com/blog/direct-to-community-is-the-new-d2c/

Semnificatia statistica (p sau sig.)

* Daca avem estimari ale asocierii variabilelor, intr-un esantion, putem
calcula p sau sig:
 Sig. = ,semnificatia statistica” (statistical significance)
* p = ,probabilitatea de eroare”

* p = probabilitatea ca valoarea obtinuta in esantion sa fie datorata sansei si
nu unui proces real din populatie

* De regula daca p<5% consideram ca acea valoare este reala
* Valoarea p nu exclude erorile de modelare!
* Daca esantionul nu este aleator, nu putem generaliza la populatie!



Hypothesis:

Drinking rosé
leads to shrinkage

R ihecad s






FErori de modelare .
— studiu de caz

F. Messerli, Consumul de ciocolata si premiile
Nobel
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Figure 1. Correlation between Countries’ Annual Per Capita Chocolate Consumption and the Number of Nobel
Laureates per 10 Million Population.
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Concluzii QO

* Corelatia este un posibil simptom al cauzalitatii
* Corelatia este observabila in norul de puncte
* Coeficientii de asociere masoara intensitatea relatiei

* Modelul face legatura dintre corelatie si explicatie

* Erori de modelare
* Corelatii coincidentale
Sensul cauzarii
A fi corect din ratiuni false
Paradoxul lui Simpson
Eroarea ecologica
* Erorile sistematice de masurare

* Erorile pot proveni nu doar din model, ci si din esantionare a

10/16/2022
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Concluzii QO

Fenomenele sunt masurate prin indicatori
Procesul masurat vs. procesul masurarii

Doua modele de masurare
 Modelul reflectiv: constructul cauzeaza indicatorii
* Modelul formativ: indicatorii compun constructul

Tendinta centrala si variabilitate

Erori de masurare
» Sistematice (validitate) vs. aleatorii (fidelitate)
 Stilul de raspuns

e Ti -
TIpLI| de scala 10/16/2022



Extra time




Corelatie
pozitiva

10/16/2022

Self-reported Life Satisfaction vs GDP per capita, 2017

The vertical axis shows the national average of the self-reported life satisfaction on a scale ranging from 0-10,
where 10 is the highest possible life satisfaction.
The horizontal axis shows GDP per capita adjusted for inflation and cross-country price differences.
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Our World
in Data
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M Asia

M Europe

B North America
M Oceania

M South America

OurWorldInData.org/happiness-and-life-satisfaction/ « CC BY

Sursa
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Tyler Vygen, Spurious correlations
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Cheese consumed

Per capita cheese consumption
correlates with

Number of people who died by becoming tangled in their bedsheets

Correlation: 94.71% (r=0.947091)
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Tyler Vygen, Spurious correlations
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