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Doctorand la <. Lucrez la instrumente

de software statistic. Pasionat de R si
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4. Cateva Rezultate
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Contextul Problemei
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Modele de Retea

node

Modele de retea au crescut in
popularitate in ultimii ani.

edge
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Tn ciuda popularitatii lor, intrebarea practic3 referitoare la...

Ce dimensiune a esantionului este necesara pentru
a estima in mod fiabil structura unei retele?

..ramane in mare parte fara raspuns.
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Starea Actuala

Ce se iIntampla daca aveti nevoie de o recomandare in acest moment?

e utilizati recomandari din studii de simulare la scara larga

* realizati un studiu de simulare personalizat
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Starea Actuala

Ce se iIntampla daca aveti nevoie de o recomandare in acest moment?

e utilizati recomandari din studii de simulare la scara larga

* realizati un studiu de simulare personalizat

acest lucru nu este intotdeauna simplu...
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Obiectivul este de a furniza o metoda generala pentru analiza marimii
esantionului pentru modelele de retea transversale.

.,‘?__ n
‘_Efiﬁ_‘ 16 April 2023 mihaiconstantin.com 9
Y



Propunem o metoda Monte Carlo (MC) in trei pasi care

* cauta iterativ o marime optima a esantionului
e concentreaza eficient simularile MC pe marimi de esantion relevante

» se extinde usor la diverse modele si masuratori de performanta

*
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Implementarea

e un pachet R open-source

powerly.dev
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Input pentru Metoda
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True Model

* un true model © care reprezinta matricea de edge weights
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Masura de Performanta

e Un true model @

e 0o masura de performanta de interes exprimata precum o functie f(@, @) care
compara parametrii din true model ® cu parametrii din modelul estimat @
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* un true model ®
e 0 masura de performanta f(@, @)

e 0 valoare target ¢ care indica valoarea dorita pentru f(@, @)
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Puterea Statistica

e un true model ©
e 0 masura de performanta f(G), @)
e 0 valoare target d pentru f(@, @)

* o definitie pentru puterea statistica exprimata precum o statistica g(&) cu & un
vector de masuratori de performanta pentru o anumita marime a esantionului
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Target pentru g(§)

e Un true model @

0 masura de performanta f(@, @)

o valoare tinta 6 pentru f(G), @)

o statisticd g(&)

* 0 valoare target 7 pentru statistica g (&)
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Exemplu de Input

10 x 10 sparse Matrix of class "dsCMatrix”

* un true model ®

8.23 0.24
0.24

8.24
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Exemplu de Input

10 x 10 sparse Matrix of class “"dsMatrix”

* un true model © Bt | | e
’ . . . 0.36 6.18 .

* 0 m3surd de performanta (0, ©)

* o0 valoare target 6 pentru f(@, @)

sensibilitate de 0.6
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Exemplu de Input

* un true model ®

*

* 0 m3surd de performanta (0, ©)
* o0 valoare target 6 pentru f(@, @)

e 0 statistica g(§)

e o valoare target 7 pentru g(§)
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10 x 10 sparse Matrix of class "dsMatrix”
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sensibilitate de 0.6

probabilitate de 0.8
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Exemplu de Input
* un true model © @\“@ 0

* 0 m3surd de performanta (0, ©) @)

» o valoare target & pentru f(0, ®)

e 0 statistica g(¢)

e o valoare target 7 pentru g(§)

Pentru un anumit @ ipotetic, ce marime a

esantionului este necesara pentru a observa
f(@, @) > 6 conform g(&) = 17
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Ce Intrebari Putem Adresa?
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Pentru un anumit @ ipotetic, ce marime a
esantionului este necesara pentru a observa

f(©,8) = § conform g(§) = 7?

Plecand de |la o ipoteza privind un model de retea, ce
marime a esantionului avem nevoie pentru a observa
o sensibilitate de 6 cu o putere statistica de t7?
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Pasii Metodei
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Rolul acestui pas este sa intelegem cum se comporta f(@, @)
in functie de marimea esantionului.
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* Tncepem cu un interval candidat N pentru marimea esantionului

* selectam T marimi de esantion echidistante § = {sy, ..., st} € N
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* Incepem cu un interval candidat N¢ pentru marimea esantionului
* selectam T marimi de esantion echidistante S = {sq, ..., S7} € Ng

* pentru fiecare s; € S efectuam R replicari MC dupa cum urmeaza:
* generam o baza de date cu s; numar de cazuri folosind ©

* estimdm @ folosind baza de date generat3

e calculam f(@, @)
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* obtinem o matrice EgxT, unde fiecare

Performance Measure Value

. "0
<
* 7

e

1.0 A1

0.9 1

0.8 1

0.7 A

0.6 1

0.5 A

0.4 ~

0.3 1

0.2 A

0.1 1

0.0 1

element reprezinta o masura de
performanta calculata in timpul unei
replicari MC pentru o marime de esantion

Monte Carlo Replications (40)

400 452 505 557 610 663 715 768 821 873 926 978 1031 1084 1136 1189 1242 1294 1347 1400

Selected Sample Size
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* obtinem o matrice EgxT, unde fiecare  aplicam g(§) pe fiecare coloana din E pentru
element reprezinta o masura de a calcula statistica (e.g., puterea)
performanta calculata in timpul unei

replicari MC pentru o marime de esantion

Computed Statistics

Monte Carlo Replications (40)

1.0 A ¢ & o o
. .
* o .
1.0 1
0.9 1
0.9 .
08 .............................................. ’ .......... .’ ..................................................................
5 0.8 *
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© 0.4 A
£ 0.3 *
L 0.3 1
& o2
0.2 .
0.1 -
0.0 1 400 452 505 557 610 663 715 768 821 873 926 978 1031 1084 1136 1189 1242 1294 1347 1400
400 452 505 557 610 663 715 768 821 873 926 978 1031 1084 1136 1189 1242 1294 1347 1400 Selected Sample Size
Selected Sample Size
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Rolul acestui pas este de a obtine o functie continua (puterea) si de a interpola
statistica pentru toate marimile de esantion din intervalul Ng.
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Pasul 2

Basis Matrix

* assume monotonicity si folosim cubic /-Spline L] TS
bases cu inner knots selectate prin cross- s "
. . g ," /// Vs
validation § /

400 452 505 557 610 663 715 768 821 873 926 978 1031 1084 1136 1189 1242 1294 1347 1400

Selected Sample Size

Spline Coefficients
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0.0 e et A
0
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1 2 3 4

Basis Function
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Pasul 2

Basis Matrix

* assume monotonicity si folosim cubic /-Spline L] TS
bases cu inner knots selectate prin cross- s "
. . g ," /// Vs
validation § /

Fitted spline | DF =31 SSQ = 0.0771

400 452 505 557 610 663 715 768 821 873 926 978 1031 1084 1136 1189 1242 1294 1347 1400

10 | Selected Sample Size
0.9 1
08 1 Spline Coefficients
o 0.7 A
% 0.8
pLLE 072
(@] .
= 3
= ©
E 0.5 1 Z
n @
0.4 1 S 04
ko)
3
0.3 1 8 02 +
= A
02 1 a 013 0.16
0.0 A e A
01 1 T T T T T T T T T T T T T T T T T T T T 0
400 452 505 557 610 663 715 768 821 873 926 978 1031 1084 1136 1189 1242 1294 1347 1400 02
Candidate Sample Size Range ! . . .

Basis Function
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Scopul acestui pas este de a lua in considerare eroarea MC si de a
cuantifica incertitudinea din jurul functiei interpolate.
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e utilizam stratified bootstrapping
sa reprezentam variabilitatea
masurilor de performanta
replicate pentru fiecare marime
de esantion s; € S

nlm
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e utilizam stratified bootstrapping
sa reprezentam variabilitatea
masurilor de performanta
replicate pentru fiecare marime
de esantion s; € §

Monte Carlo Replications (40)

1 LagdlaReseneTaet

w &

Performance Measure Value

400 452 506 857 B0 683 YIS &3 B2Y 873 925 978 031 1084 1336 1189 1242 1299 1347 00

* rulam bootstrap pe masurile de Selected Sample Size
performanta, nefiind necesar sa Computed Statistics

re-estimam modelul 7 = e
% : & «

400 452 505 557 6% 663 75 V63 821 873 026 978 1031 1084 1136 1380 1242 1294 1347 1400

Selected Sample Size
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* utilizam stratified bootstrapping
sa reprezentam variabilitatea

m é su ri | or d e p e rfO rma ﬂté Bootstrapped Splines (10000 runs)

Confidence Bands
replicate pentru fiecare marime | e b o xaeton
de esantion St € S SR A L 0 O A D L R - ccenOO O R OO U RN SO SO LAY
* rulam bootstrap pe masurile de ..
performanta, nefiind necesar sa 50
re-estimam modelul
e estimam un nou spline pentru o
fiecare matrice de masuratori de sample SzeRange
performanta obtinuta prin
bootstrap
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Convergenta

* actualizam intervalul candidat N
pe baza benzilor de incredere

Bootstrapped Splines (10000 runs)

Confidence Bands

1.0 1 0% - 100% (151 observations)
2.5% — 97.5% (93 observations)

* repetam Pasii 1 pana la 3 pana
cand N devine suficient de mic

0.9 A

08 A S A A A

0.7 A

0.6 -

0.5 A1

0.4 A

Statistic Value

0.3 1

0.2 -

0.1 A

1 1
0.0 1 808 901

400
452
505
557
610
663
715
768
821
873
926 -
978
1031
1084
1136
1189
1242
1294
1347
1400

Sample Size Range
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Library(powerly)
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Library(powerly)

true_model <- generate_model(

type = ’
nodes = 10,

density = .4

l: L]
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Library(powerly)

results <- powerly(
range_lower = 300,
true_model <- generate_model( range_upper = 1000,
type = ; samples = 30,
nodes = 10, replications = 20,
density = .4 measure = :
statistic = ,
measure_value = .0,
statistic_value = .8,
model = ,

model_matrix = true_model

" . ' - .
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plot(results, step = 1)

16 April 2023

Performance Measure Value

Statistic Value

1.0 -
0.9 1
0.8 -
0.7 -
0.6 7
05 4
0.4 -
0.3 4
0.2 -
0.1 -
0.0 +

1.0 -
0.9 1

0.8

0.7 -
0.6 -
05 4
0.4 ~
0.3 1
0.2 -
0.1 -
0.0 ~§

Monte Carlo Replications (40)

P ARTET

400 452 505 557 610 663 715 768 821 873 926 978 1031 1084 1136 1189 1242 1294 1347 1400

Computed Statistics

Selected Sample Size

400 452 505 557 610 663 715 768 821 873 926 978 1031 1084 1136 1189 1242 1294 1347 1400

Selected Sample Size
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plot(results, step = 2)

16 April 2023

Statistic Value

1.0 A1

0.9 A

0.8 1

0.7 A

0.6 A

0.5 -

0.4 -

0.3 A1

0.2 -

0.1 -

0.0 A1

Fitted spline | DF =31 SSQ = 0.0771

400

452

505

557

610

663

715

768 821 873 926 978 1031

Candidate Sample Size Range

1084

1136

1189

1242 1294 1347 1400
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plot(results, step = 3)

Statistic Value

5. M
* 16 April 2023

Bootstrapped Splines (10000 runs)

Confidence Bands
0% — 100% (151 observations)

1.0 A

2.5% - 97.5% (93 observations)

0.9 A1

0.8 1

0.7 1

0.6 1

Sample 854 (M = 0.8)

0.5 1

0.4 1

0.3 1

0.2 1

0.1 A

0.0 A

400 A
452 1
505 -
557 -
610 -
663 -
715 1
768 1
821 -
873 -
926 -
978 -
1031
1084 |
1136 |
1189
1242
1294
1347
1400

Sample Size Range
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Studiu de Simulare
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T = {20, 40, 60}

True Model 1 True Model 2

RAUY
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17 parameters 45 parameters
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Sensibilitatea

L [OPON onJL

Z 19PON oniL

Recommended Sample Sizes

€ 19PO eniL

(T=201R=10) (T=201R=30) (T=201R=50) (T=401R=10) (T=401R=30) (T=401R=50) (T=601R=10) (T=601R=30) (T=601IR =50)

Configurations of Method Parameters
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Check Out the Paper!
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A General Monte Carlo Method for Sample Size Analysis in the
Context of Network Models

Mihai A. Constantin', Noémi K. Schuurman®, and Jeroen K. Vermunt'
' Department of Methodology and Statistics, Tilburg University
: Department of Methodology and Statistics, Utrecht University

Abstract I
We introduce a gencral method for sample size computations in the context of cross-sectional network mod-
cls. The method takes the form of an automated Monte Carlo algorithm, designed to find an optimal sample
size while itertively concentrating the computations on the sample sizes that seem most relevant. The
method requires three inputs: (1) a hypothesized network structure or desired charactenistics of that structure,
(2) an estimation performance measure and its comesponding target value (¢.g., a sensitivity of 0.6), and (3)
a statistic and its corresponding target value that determines how the target value for the performance mea-
sure be reached (¢.g., reaching a sensitivity of 0.6 with a probability of 0.8), The method consists of a Monte
Carlo simulation step for computing the performance measure and the statistic for several saumple sizes
selected from an initial candidate sample size mnge, a curve-fitting step for interpolating the statistic across
the entire candidate range, and a stratified bootstrapping step to quantify the uncertainty around the recom-
mendation provided, We evaluated the performance of the method for the Gaussian Graphical Model, but it
can casily extend to other models, The method displayed good performance, providing sample size recom-
mendations that were, on average, within three observations of a benchmark sample size, with the highest
standard deviation of 25.87 observations. The method discussed is implemented in the form of an R package
called powerly, available on GitHub and CRAN,
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Directii Viitoare
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Ce Intrebari Putem Adresa?

Pentru un anumit @ ipotetic, ce marime a
esantionului este necesara pentru a observa

f(@, @) > § conform g(§) = 17
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Catre un Sistem Deschis

e un API pentru a extinde metoda la runtime cu

* noi tipuri de modele

* noi masuratori de performanta

e un tutorial Tn care aratam cum se
* implementeaza acest APl pentru SEM via

* si abordam intrebari de cercetare dificile

* crearea unui ecosystem

*



Intrebari?

powerly.dev
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