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REZUMAT

Lucrarea de fata analizeaza in detaliu rolul si importanta generatoarelor de numere pseudoaleatoare
in simuldrile statistice si modeldrile probabilistice, cu un accent deosebit pe conformitatea cu distributia
uniforma teoretica. Intrucdt simulirile corecte si precise depind de calitatea generarii numerelor
pseudoaleatoare, studiul subliniaza necesitatea validarii riguroase a acestor generatoare prin teste statistice
avansate.

Capitolul 1 introduce conceptele de bazd legate de distributia uniforma si de generatoarele de
numere pseudoaleatoare (PRNG). Este prezentata evolutia istoricd a tehnicilor de generare, de la metodele
traditionale la algoritmii moderni. Se subliniazd necesitatea unui generator PRNG de inalta calitate pentru
obtinerea de simulari statistice precise si prezinta contextul in care acestea sunt aplicate in diverse domenii.

Capitolul 2 analizeaza importanta concordantei intre distributiile simulate si cele teoretice. Se
discuta necesitatea validarii PRNG-urilor prin metode statistice pentru a asigura o bund uniformitate si
acuratete a rezultatelor in simuldri. Se descrie cum distributia uniforma formeaza baza simularii altor
distributii probabilistice si subliniaza necesitatea Tmbundtatirii continue a algoritmilor pentru generarea
numerelor pseudoaleatoare.

Capitolul 3 exploreaza procesul de generare a numerelor pseudoaleatoare, evidentiind diversitatea
algoritmilor si aplicatiilor utilizate pentru simularea unor distributii uniforme. Sunt prezentate si analizate
metodele utilizate in mai multe limbaje de programare si platforme populare, inclusiv Java, Python, R, C++,
Random.org, Excel, Mathematica, precum si o abordare bazatd pe cifrele numarului PI. Pentru fiecare
metoda, sunt descrisi atat algoritmii implementati, cat si caracteristicile specifice ale generatorului.

Capitolul 4 cuprinde analiza detaliatd a concordantei numerelor pseudoaleatoare generate de diverse
aplicatii si limbaje de programare, cum ar fi Random.org, Mathematica, Java, Python si altele. Sunt aplicate
mai multe teste statistice (Chi-pdtrat, entropie si testele de corelatie) pentru a evalua calitatea distributiei
fiecarui set de date. Sunt analizate performantelor fiecarui generator si se stabileste un clasament final al
celor mai fiabile optiuni pentru aplicatiile ce necesita o distributie uniforma stabila si aleatorie.

Prin aceastd cercetare, se subliniaza importanta validarii PRNG-urilor si a alegerii unui generator
adecvat pentru asigurarea unei baze solide in orice simulare probabilistica, contribuind astfel la obtinerea
unor rezultate fiabile si precise In analiza statistica moderna. Rezultatele demonstreazd cd Random.org si
R ofera o distributie uniforma stabild, facandu-le recomandabile pentru aplicatiile ce necesita o distributie

aleatorie autentica.



ABSTRACT

The present paper provides a detailed analysis of the role and importance of pseudo-random number
generators in statistical simulations and probabilistic modeling, with particular emphasis on conformity to
the theoretical uniform distribution. Since accurate simulations rely on the quality of pseudo-random
number generation, this study highlights the necessity of rigorous validation of these generators through
advanced statistical tests.

Chapter 1 introduces the fundamental concepts related to uniform distribution and pseudo-random
number generators (PRNGs). It presents the historical evolution of generation techniques, from traditional
methods to modern algorithms. The chapter emphasizes the need for high-quality PRNGs to achieve
accurate statistical simulations and presents the contexts in which these generators are applied across
various fields.

Chapter 2 analyzes the importance of concordance between simulated and theoretical distributions.
It discusses the need for PRNG validation through statistical methods to ensure good uniformity and
accuracy of simulation results. Additionally, it describes how the uniform distribution forms the foundation
for simulating other probabilistic distributions and highlights the necessity of continuously improving
algorithms for generating pseudo-random numbers.

Chapter 3 explores the process of pseudorandom number generation, highlighting the diversity of
algorithms and applications used to simulate uniform distributions. Methods used in several popular
programming languages and platforms are presented and analyzed, including Java, Python, R, C++,
Random.org, Excel, Mathematica, as well as a numerical approach based on the PI number. For each
method, both the implemented algorithms and the specific characteristics of the generator are described.

Chapter 4 includes a detailed analysis of the concordance of pseudorandom numbers generated by
various applications and programming languages, such as Random.org, Mathematica, Java, Python, and
others. Several statistical tests (Chi-square, entropy, and correlation tests) are applied to assess the quality
of the distribution of each data set. The performances of each generator are analyzed and a final ranking of
the most reliable options for applications requiring a stable and random uniform distribution is established.

Through this research, the importance of validating PRNGs and selecting a suitable generator is
underscored to ensure a solid foundation for any probabilistic simulation, thereby contributing to reliable
and precise results in modern statistical analysis. The findings demonstrate that values of the Random.org
and R offer a stable uniform distribution, making them highly recommended for applications that require

authentic random distribution.
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ABREVIERI SI DEFINITII

AED - Analiza exploratorie a datelor.

ASI - Analiza statisticd inferentiala.

BBS (eng. Blum Blum Shub) - generator criptografic de numere pseudorandom.

CDF (eng. Cumulative Distribution Function) - Functia de distributie cumulativa.

CLT (eng. Central Limit Theorem) - Teorema Limita Centrala.

d.d - densitate de distibutie.

D-PRNG (eng. Deterministic Pseudo-Random Number Generators) - generatoare pseudo-aleatoare
deterministe.

ECDF (eng. Empirical Cumulative Distribution Function) - functia de distributie cumulativa
empirica.

f.d - functie de distributie.

HRNG (eng. Hybrid Random Number Generators) - genratoare aleatoare hibride.

IQR (eng. Interquartile Range) - intervalul interquartil.

LCG (eng. Congruential Generator) - un generator de numere pseudorandom congruential liniar.

LFG (eng. Lagged Fibonacci Generator) - un generator Fibonacci cu Intarziere.

LLN (eng. Law of Large Numbers) - Legea Numerelor Mari.

MLE (eng. Maximum Likelihood Estimation) - estimatori de maxima verosimilitate.

PDF (eng. Probability Density Function) - functie de densitate de probabilitate.

PRNG (eng. Pseudo-Random Number Generator) - generator de numere pseudoaleatoare.

TRNG (eng. True Random Number Generator) - generator de numere aleatorii reale.

v.a - variabila aleatoare

v.a.ii.d. (eng. (independent and identically distributed) - variabile aleatoare independente, identic

distribuite



INTRODUCERE

In era actuali modelarea probabilist si simulirile numerice sunt utilizate in diverse domenii
stiintifice si industriale. Capacitatea de a genera numere pseudoaleatoare care sa respecte anumite distributii
probabilistice este strict necesard pentru efectuarea acestor simuldri. Astfel, distributiile probabilistice
uzuale, cum ar fi distributia uniforma, joaca un rol important in generarea acestor numere, fiind punctul de
plecare pentru multe modele si algoritmi statistici.

Putem afirma, fara sa exageram, cd simularea oricérei distributie probabiliste este imposibild fara
simularea prealabila a distributiei uniforme. Drept confirmare serveste metoda universala de simulare
bazatd pe functia inversa a functiei de distributie a v.a. simulate. Mai exact este demonstrat matematic ca
functia inversa functiei de distributie a unei v.a. Y, privitd ca functie de v.a. X uniform distribuita pe [0,1]
este 0 noud v.a. care are aceeasi distributie ca si v.a. Y pe care dorim sa o stimulam. Deci, realizarile acestei
v.a. pot fi considerate realizari ale v.a. Y.

In concluzie, tinand cont de cele mentionate mai sus, putem spune ca gradul de concordantd a
simularilor valorilor oricarei v.a. Y cu distributia ei teoretica depinde, implicit, de gradul de concordanta

dintre simularea valorilor unei v.a. X uniform distribuita cu distributia ei teoretica.
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